Day 3 - Llanddwyn Island

On Wednesday we set off to study the rocks of the Guna Melange on Llanddwyn Island. From
Newborough Sands car park we walked along the beach to look at some pillow lavas before going
onto the island.

The Guna Melange was formed when two plates collided and the question of whether we were
looking at an Ophiolite or an interpreted Ophiolite was in the back of our minds.

Pillow Lavas

The first stop was at an exposure of wonderful pillow lavas, where we discussed the formation of
the rocks we could see.



Under water eruptions produced massive amounts of hot (~1000°C) molten basalt, rich in iron and
magnesium. The lava extruded through from the mantle, with the consistency of toothpaste, into
cold sea water. This rapid cooling resulted in the separate pillows we observed. The outer margins
of the pillows were rapidly cooled by the sea water, leaving the interior to cool much more slowly.
They then settled into deep water with the higher pillows (still with soft centres) moulded around
those below, giving 'bun-shapes' with curved tops and indented bases. This feature proved to be
important in determining a relative age for the pillows.




Pillows were extruded in batches and we observed interstitial quartz and jasper (red quartz
precipitate) and sediments that had been deposited between each batch being formed. When the
pillows cool we can get a volumetric, and therefore pressure, change in the centre, and cavities can
form with quartz and jasper mineralisation. Pillows varied in colour from dark bottle green to purple
to apple green due to epidote mineralisation. A swirly pattern of sage green showed that
serpentenisation had taken place: ie water had infiltrated the basalt and caused chemical
metamorphosis.

A different rock was also observed, without the structure of pillow lavas. This was described as
hyaloclastite, a basaltic material with a high water content. The process that produces hyaloclastite
is related to serpentinisation. The pillow lavas that emerge are not always neat, but have basalt
removed from the surface of the pillow so that a mush is formed round the pillows which produces
a glassy material due to the rapid cooling. Some lavas get rolled around and don't quite form
pillows, or only produce very small ones.



Dating the Rocks

The Guna Melange is not very easy to date so evidence from the arrangement of the pillows is
invaluable. Given that younger pillows will sit on top of older ones, we needed to determine the
‘way-up' of the rocks around us. It was important to look at several different collections of pillows
to convince ourselves that our conclusions were correct. We obviously looked for pillows that were
squashed at the bottom and rounded at the top. To support this we also looked for the concentric
cooling circles and radial jointing that indicated a true pillow. There would obviously be a gradation
in grain size due to rate of cooling, changing from inside to outside of pillow - small crystals on
outside, bigger in the middle. We questioned whether the bottom of the pillow might cool more
slowly than the top, and therefore also show a gradation in grain size. However, it was thought that
there would probably not be much difference between the top and bottom of a pillow.

With a bit of help, the group were able to determine the younging direction of the rocks. (if the
direction in which the rocks young is to the SE, this means that younger rocks will be found in SE
and older rocks in NW). This is related to Dip and Strike in sediments. Strike is the compass
direction of the line of dip. Dip is the angle of the bedding to the vertical. Dip indicates movement
of the crust after deposition of rocks. Along a line of strike we may find the same type of rock. If we
find the same rock, but with a different dip, then something else has happened. There may be a fault
between the two sets of rocks, so we know to look for it. Dip and Strike are the most basic type of
information a geologist can obtain and work with.

Our rocks proved to be tilted towards the SE by about 30°. Extrusion of lava had occurred onto a
horizontal surface to produce piles of pillows, but later the rocks were tilted to the SE by crustal
changes, to their current position. The Guna Melange is consistently tilted to the SE...so it all fits
together nicely!

Some pillows were observed to have significant sediments between the layers, indicating that time
had elapsed between eruptions, and as the sediment was fine sand, it is likely that these pillows
were near to the shore.

The highest exposed Guna Melange is on the SW side of Anglesey. Down the coast from Trearddur
Bay to Aberffraw church are rocks demonstrably older than 630my. The Guna Melange sits above



them so we have an 'oldest’ limit, but we don't really know the age of the Guna Melange —
Cambrian or pre-Cambrian maybe? Is it an Opheolite? Jury still out!

Just before we went onto the island, we found some epidote and jasper, close to the original surface.

More Rocks

There were also some rocks containing 1-2cm nodules in a hyaloclastite matrix. Sand grains were
also evident. The nodules were chunks of basalt, sometimes purple on the outside and pale green on
the inside, indicating the differential cooling rates just like proper pillows. These mini-pillows
would be subject to sedimentary processes so we looked for evidence of a bedding plane, but this

was not clear.

Now, over the rocks, up the steps and onto the island and ...lunch!



Lunch eaten, we walked on past a ruined monastery...still thinking about the Ophiolite theory!

There was an amazing array of rocks below us — but it was too difficult to get down — and back up!
The rocks ranged from basalt & hyaloclastite (but no pillows), to purply-red churt showing deep
water lithology, then a graded change back into a marl of churt channels in a volcanoclastic ash
sediment. Then more hyaloclastite and a grey mottled limestone infiltrated with churt nodules. We
also saw a 1.5m thick intrusion of gabbro. The baked margins confirming that it was an intrusion.

Churts are associated with the existence of silicate-based radiolaria (as in Cyprus). However, these
Churts were created before any radiolaria were present, so they are not organic at all. They may date
from the start of Cambrian, but this really isn't known. They are older than the rocks in North
Anglesey and are definitely deep marine, but there is no evidence for the existence of an ophiolite.
There is nothing from below the moho (such as hartzburgite), so these rocks remain as interpreted



ophiolites.
A Mystery Rock

We now walked to end of the island to the monument where we saw a very unusual rock, described
as a mixture of carbonate and hyaloclastite. Could be described as a Pepperite which is formed from
an intrusive rock depositing into wet sediments. Sampling is forbidden so we could not take a pice
of the rock for laboratory analysis, howerever, Rosemary has examined a sample from Edward
Greenly's collection under the microscope and it was definitely not limestone, although there was
some carbonate there. The suggestion was that it might be basalt or hyaloclastite rock which had
been later exposed to high temperature, high pressure carbonaceous fluids, resulting in the silicate
being washed out and replaced by carbonate. This altered structure extended throughout the rock,
not just at the edges. There was a discussion of the chemistry at this point, but the above seemed to
be the most likely explanation of the observations. All the rocks on the island show evidence of
carbonated fluids flowing through them, but the origin of the carbonate would be non-biological —
possible atmospheric carbon dioxide dissolving in sea water. The age of these rocks is 600 to
500my.

Moving on, we saw rocks heavily veined with red jasper and white quartz. We looked for pillows
with interstitial jaspers. The purple colouration that indicates the edge of the pillows was helpful.
This was a very mixed-up set of rocks, although they were tilted to the SE as before. The pillows
had been rolled around so only a few pillows were left in a "hyaloclastic mush'. Weathering then had
taken place and, on top of everything was limestone. There must have been some sort of carbon
cycle in the neoprotozoic as there are carbonate rocks, but no biological organisms were in
existence. No really good explanation was offered...the simplest is precipitation from carbonated
fluids. There is a lot that is not understood!

In places the softer hyaloclastite weathers away and leaves jasper standing proud.

An Intrusion



We then observed an igneous intrusion — a dolerite dyke. However, there was no real metamorphism
of the surrounding rock as would be expected if hot lava was forced through existing rock. Another
puzzle!

The intrusion continued in a SE direction along the beach, but then terminated. To the left of the
dyke the rocks were distinctly red, and round the corner even more colourful rocks were found.
Rose carbonates and churts were evident. The rocks were very variable and jumbled up — evidence
for re-working and deposition.

Edward Greenly spent 25 years researching on Anglesey before and during 1920s. Today's
geological map is based on his work, but, he had got his 'way-up' wrong. This was corrected by
Shackleton in the 1950s. Edward Greenly invented the term 'Melange' to describe the rocks he
found on Anglesey.

We had seen no evidence of Andesitic Volcanoes to indicate that the process was subduction. Unless
they had been totally eroded, or never exposed? The display boards show volcanoes forming by
subduction — but no evidence of these remain.

There were still a lot of puzzles as we made the long trek back along the beach to the car park.



Loos, ice cream van and tea kiosk were a very welcome sight!!

Blue Schist — a rare rock

Unfortunately there was no time to look at blue schist on the way back to the hotel, so we called at
the Marquis of Anglesey's monument on our way home on Friday. The Marquis of Anglesey's
column is constructed from carboniferous limestone, in stark contrast to the much older
Precambrian rocks beneath.

The rare glaucophane-bearing rocks are exposed in the woods below the Marquis of Anglesey's
monument, as foliated, folded and lineated dark blue-grey amphibolle, epidote, albite, chlorite-
quartz schists.



The blue rims of the amphibole crystals is glaucophane. It is produced by the subduction of oceanic
crust in areas of plate convergence and therefore is of critical (if controversial) importance in the

interpretation of the origin of the Mona complex.
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Blueschist is a medium grade metamorphic rock which forms at 15-18km depth, 200-500°C,
produced by the baking of mafic rock, oceanic crust or basalt, recrystallized so that the original
structure, protolith, is replaced. The blueschist has an igneous protolith. It contains the mineral
glaucophane, chemical formula Naz(MgsAl2)SisO22(OH)2. This is a sodic amphibole which is the



blue mineral in the blue schist. ( If buried deeper it would become eclogite).




