JURASSIC ROCKS OF THE YORKSHIRE COAST

WHITBY 8th – 10th April 2005

Leader: Dr Joe Macquaker

The main aim of this field course was to study the sedimentology of part of the classic Jurassic coastal section of NE Yorkshire and to investigate the fundamental processes that control lithofacies variability present in fine-grained sedimentary rocks.

The weekend was preceded by a talk from Joe on April 13th, when we were introduced to the notion that mudrocks, which most researchers have described as being ‘laminated’ on the basis of textures visible in hand specimen, are actually, upon closer inspection of thin sections, thin-bedded. In mudstone successions individual beds are commonly less than 10 mm thick and composed of a textured lower half that comprises ‘marine snow’, and an upper half that is textureless – presumably because it had been homogenised by bioturbation. The presence of this bioturbation is also indicative of a break in sedimentation sufficient to allow the sediment to be colonised prior to deposition of the next bed.

Once in Whitby, on Friday evening, Joe gave us a Powerpoint introduction to the weekend’s activites. Late Saturday afternoon included a microscope and slides session 

Saturday Morning

Staithes to Old Nab

This section was visited primarily to study the scale of a sedimentary cycles present in mudrocks and ironstones of the Cleveland Ironstone Formation (Lower Jurassic), which form the cliff section between Staithes Harbour and Old Nab. The particular cycle that we studied in detail included a section from the Avicula Ironstone Seam up through mudrocks to the Raisdale Ironstone Seam. Here we were observed individual thin beds, bedsets (parasequences) and systems tract scale variabilitly in both plan (on the wave cut platform) and section (in the cliffs) views. 

The following log (modified from Macquaker and Taylor, 1996) summarises observations and the many points of discussion:
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After walking on to Old Nab and marvelling at the profusion of trace fossils, we returned to Staithes, several of us clutching, believe it or not, lumps of Larvikite – from the harbour defences. 

Reference: Macquaker JHS & Taylor KG, 1996, JGS (L), vol 153.

Saturday Afternoon

Port Mulgrave

The tiny, and now defunct, port at Port Mulgrave owes its existence to the surrounding geology. A jetty was built on this quiet part of the Yorkshire coast to transport the local ironstones by sea to Newcastle, where it was then converted into steel for shipbuilding. The ironstone mining industry started-up in the nineteenth century, continuing into the last century until about 1927. The shipping of ironstone paused during the First World War due to the threat of U-Boats, and the disused jetty was finally demolished by the military to deny entry to German invaders during the Second World War.

Descent to the outcrops along the shore is by means of a long winding footpath down a staircase of steps. To the left of the path, near the bottom, a blocked-off tunnel can be seen, the remains of the railway transporting the ironstone to the coast. To the right of the path, in the cliffs of the headland to the south, a thick succession of horizontally bedded sandstones overlie black mudstones. Despite the low tide being unexpectedly high, owing to the wild storms, the nearer outcrops of black mudstones, comprising the Whitby Mudstone Formation, were still accessible. The beach is strewn with rounded concretions; the larger ones (more than a metre) are known as “Whale sSones”, and the smaller ones (ca. half metre), slightly higher in the succession, as “Curling Stones”. The outcrop is obscured in part by slumping of the surface sediments.

Within the mudstones preserved on the foreshore there is a horizon of nodular concretions (“Curling Stones”), and approximately two metres above these are a continuous bed of concretionary cement (the “Top Jet Dogger”). This package of Toarcian-aged black mudstones has traditionally been interpreted as being the consequence of slow sedimentation of mud in deep water under predominantly anoxic conditions. Recent work by Joe MacQuaker of Manchester University suggests that conditions were not persistently anoxic and that their geological history was more varied. Thin section analyses reveal that these mudstones were composed of thin (millimetre-thick) units. Individual units commonly have erosive basal contacts, silt-rich bases and clay-rich tops. These upward-fining units are interpreted as distal storm beds that were deposited in deep water. Thin section analyses also revealed that in some cases the upper clay-rich parts of individual beds contain zooplankton faecal pellets and marine ‘snow’, but mainly these textures have been lost due to bioturbation. In some slides pervasive horizontal worm burrows can also be seen.

Beneath the nodular horizon (“Top Jet Dogger”), the package of thin mudstone beds fines upwards, whereas above the nodular layer the package coarsens upwards, but not continuously so; there are several breaks with reversion to a finer material. The interpretation here is that water level became very much deeper towards the nodular horizon – the deepest point – then shallowed again in the rocks that post-dated this unit. As its name suggests, the “Top Jet Dogger” is the unit where jet is found. The jet, small fragments of which were seen, formed when water-logged Araucaria sp. (better known as Monkey Puzzle Tree) sank in the deeper offshore deposits.

Sunday

Cloughton Wyke

Cloughton Wyke is in the Middle Jurassic where we investigated the non-marine Cloughton Formation and the Gristhorpe Member in particular.  This part of the weekend continued to raise more questions than answers as there seemed to be more than one cause for everything.  We saw brown, oxidized pyrite nodules, fallen slabs with ripple markings – some showing interference patterns (see picture below) and concretions with pyrite tubes (possibly formed enclosing worm burrows).


On close inspection, the mudstones in the whole sequence proved much   more varied than at first sight.

Overall throughout this part of the studied succession there was a general upward-coarsening.  Starting at the base, there was a cemented layer (grey) with rootlets that may have been a possible sequence boundary.  This is considered a seatarth.  Fossils such as Diplocraterion isp. have been found.  As flooding occurred, marine pore water replaced the fresh water and the coal, that had been present, was removed.

Joe outlined why the layer was cemented (ferroan- calcite cement) and pointed out that cement precipitation post-dated burrowing but pre-dated compaction.

Above this were dark marine muds with pyrite representing transgression (deepening).  A layer of concretions was immediately above this and probably represents a break in sedimentation (deepest water).  Above this concretionary unit the muds became 'sandier' and paler reflecting an overall shallowing successions.  Finally bioturbated, laminated sheet sands appear.

Joe's investigations, including thin sections of the mudstones in the whole area, show trace fossils at horizons once thought to have been deposited in anoxic conditions.

Group discussion looked at whether this represented a

river system/switching delta lobes/crevasse splays or a 

marginal marine/lagoonal setting.  Bioturbation seemed 

more marine.  The question of the source of the sulphate 

for the pyrite nodules was raised.  It certainly appeared 

that a coal layer was missing from this succession.  

With these points in our minds, we moved to the final locality, 

just round the bay: Hundale Point.

Members of the group inspect the cliffs at Cloughton Wyke.

Hundale Point 

We moved further up the stratigraphic column into the Scarborough Formation: top of the Hundale Sandstone, the Spindlethorn Limestone and the Ravenscar Shale Members.

The Hundale Sandstone Member is extensively bioturbated: variously by Thalassanoides isp., Rhizocorallium isp. and Planolites isp and these trace fossils were easy to see on the wave cut platform.  Red Siderite nodules are also seen in this unit.  These siderite nodules actually post-date quartz cementation and are probably late formed.  The overlying Spindlethorn Limestone is generally a well-cemented bioclastic limestone.  Protocardia and Pseudolimea are amongst the fossils found.  Within this unit there are beds that are less well-cemented and more muddy with some bedding parallel concretionary cements.  The Spindlethorn Limestone Member comprises a stacked succession of 5, thin-parasequences each of which shallows-upward. The base of the Ravenscar Shale Member marks a rapid deepening event in this marine succession.  There is a layer of nodules part way through the generally upward-fining sequence of the Ravenascar Shale Member.  This level is likely to represent a maximum flooding surface: a time of very slow clastic sedimentation that allowed cementation to occur.  

It is considered that even though there are parasequences that imply short term showing shallowing (e.g. in the Spindlethorn Limestone Member), overall the succession deepens.  This may be due to local rather than regional effects in the marine environment.


Within the Hundale Sandstone, Siderite infilled burrows seem perplexing as these are pinkish red.  Where has the iron come from and why has it differentially affected only the burrows?  (See photo left)  Joe had produced thin sections and considers the colouring is due to late infill of the burrows and to the porosity of the sandstone.  During compaction, the pore waters gave up iron which remained round the quartz in the burrows resulting in the pinkish colour.

The weekend which had started fighting the wind and mountainous seas to see any exposures finished in sunshine.  The only disappointment (apart from not being able to stay longer to learn more) was not finding any dinosaur bones which Phil Manning had indicated were at Hundale Point.  None of the participants (seen eating lunch below) will ever look at mudstones the same way again.  Persistent Toarcian Anoxia: we think not!!  We've seen the evidence.  Thank you, Joe.


David Handley

Jim Spencer

Jane Michael
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