
Sedimentology and stratigraphy 
 

Could ice sheets have existed in the Cretaceous? (March 2004) 

Finds of Late Cretaceous dinosaur remains and substantial coal deposits at near-polar 
latitudes in both hemispheres seemed to confirm that the end of the Mesozoic experienced 
hothouse conditions.  Even so, both occurrences are very odd because of the darkness of 
polar winters; how could plants photosynthesise and supposedly cold-blooded reptiles stay 
warm?  To add to these oddities, it has now been suggested that periodically in the 
Cretaceous there were Antarctic ice sheets substantial enough to draw down sea-level 
(Miller, K.G. et al. 2004. Upper Cretaceous sequences and sea-level history, New Jersey 
Coastal Plain.  Geological Society of America Bulletin, v. 116, p. 368-393; DOI: 
10.1130/B25279.1).  The possibility comes from a detailed stratigraphic and 
palaeontological analysis of Late Cretaceous sequences on and off the eastern seaboard of 
the US.  There are 11 to 14 sequences that show shallowing-upwards changes in the near-
shore environment, somewhat similar to the cyclothems of Carboniferous times.  Calibrating 
the section with strontium isotopes and fossil changes suggests that sea-level ups and 
downs greater than 25 metres occurred swiftly (much less than 1 Ma).  This is considerably 
faster than changes due to variations in the volume of the ocean basins that result from 
fluctuations in sea-floor spreading rates, but if localised in eastern North America might 
have resulted from local tectonics, such as episodic deepening related to extensional 
tectonics.  The surprise is that the changes correlate well with those in western Europe and 
on the stable Russian platform, pointing to global, eustatic changes in sea level.  There is 
some correlation with oxygen-isotope records from foraminifera, so there is a strong 
possibility of a glacial cause.  The degree of fluctuation matches the effect on sea level of ice 
volumes of the order of 106 to 107 km3.  This is considerably more than the volume of the 
present Greenland ice cap, but on Antarctica it would have occupied only a small part of the 
surface.  There is another alternative; that eustatic changes are not well understood and 
there is a bias because of the Pleistocene correspondence between them and changes in 
continental Arctic ice sheets.  The amplitudes of the three different records do not match 
well, although their timing does. 

 

Biology and iron minerals (March 2004) 

The principal colouring agents in rocks, especially those of sedimentary origin, are iron 
minerals, foremost of which are oxides and hydroxides (e.g. hematite and goethite).  It 
doesn’t take much of either in a sedimentary grain coating to impart the vivid colour 
variations seen in some sedimentary formations.  It is easy to suppose that such veneers 
formed while the sediments were at the surface in an unconsolidated state, but there is 
much evidence that at least some, if not all, formed in buried sediments saturated with 
groundwater.  But the problem is getting the iron into pore spaces as well as precipitating its 
oxides and hydroxides.  Iron in its divalent state (Fe-2) is soluble, but exists only under 
reducing conditions, so it does not easily enter surface waters that supply groundwater.  In 
its trivalent state (Fe-3) iron is highly insoluble, and that is how it occurs in oxides and 
hydroxides.  Yet groundwater tends to lose its oxidising potential because dissolved oxygen 
is consumed by aerobic bacteria, and oxidation is required to convert soluble Fe-2 to 
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insoluble Fe-3, so that hematite and goethite skins can form around sediment grains.  A clue 
to the precipitation method comes from a study of slime-encrusted surfaces in old mine 
workings (Chan, C.S. et al. 2004.  Microbial polysaccharides template assembly of 
nanocrystal fibers.  Science, v. 303, p. 1656-1658; DOI: 10.1126/science.1092098).   

Although oriented towards the possibility of bacteria creating materials useful in 
nanotechnology, this non-geological paper might ring a few bells.  It shows how filaments 
(of the order of a few nm) that make up bacterial slime are associated with similarly thin 
and long filaments of one of the precursors to goethite.  The bacteria involved use the 
oxidation (electron removal) of Fe-2 to Fe-3 as a source of metabolic energy.  They colonise 
highly reducing waters, so there is a ready source of dissolved Fe-2 for them to exploit, 
especially in old mine workings, but also in groundwater cut off from the air  There is a snag 
for the bacteria, because Fe-3 is highly insoluble and could easily snuff out processes in the 
cells and cause their death.  So in evolving this chemo-autotrophic metabolism they would 
also have to evolve a means of disposing of its by-product.  The filaments are chains of 
polysaccharides grown outside the cell wall that act as templates for the precipitation of Fe-
3 minerals.  The techniques used to show this include very-high resolution electron 
microscopy.  It would be interesting to see if very high resolution images of iron-stained 
mineral grains reveal relics of these intricate structures.  Less powerful methods have 
already shown tiny spheres of magnetite in sediments above petroleum fields that formed 
biogenically through another metabolic process. 

 

How old is the Dalradian? (March 2004) 

Half the Scottish Highlands, from the Great Glen to the Highland Boundary Fault, and their 
equivalent in Ireland, is occupied by a convoluted orogen that is dominated by an almost 
exclusively sedimentary sequence of Neoproterozoic age – the Dalradian Supergroup.  Its 
importance is historical, for this is where many of the fundamental tenets used in 
unravelling complex terrains were developed and tested.  This still goes on, building on over 
a century of research in an easily accessible, albeit not too well exposed area.  Briefly, the 
Dalradian orogen evolved from a series of extensional basins, in a shelf area, that imposed 
considerable variations in thickness of the Dalradian sequence.  Protracted deformation in 
the Late Cambrian to Early Ordovician developed the structural complexity of the orogen, 
partly controlled by the original variations in sedimentary thicknesses.  We know the 
youngest age of the Dalradian, because its upper parts contain Cambrian fossils, estimated 
to be about 509 Ma old.  The earliest age for sedimentation has so far only been guessed, 
and must be younger than the 800 Ma of migmatites on which its lowest members rest.  The 
problem is that only one series of dateable volcanic rocks occur in the pile, and they are 
towards the top (601 Ma old).   

At most the whole sedimentary sequence spans 300 Ma, and that in itself is most peculiar.  
Most geologists have assumed continuous sedimentation under a great range of 
environments, but only because they have never found evidence for erosion in the 
sequence; hardly surprising from the complexity, and not-so-good exposure.  Yet nowhere 
on the planet is there a sedimentary sequence spanning such a time period that does not 
contain several unconformities; things have never been that quiet for so long.  Probably the 
only feasible way to get a handle on the duration of the Dalradian sedimentation is by 
matching geochemistry of the numerous marine limestones in the sequence with the global 
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record for the Neoproterozoic, i.e. by seeking signs of the secular variations in the 
composition of seawater during that Era.  Scottish geoscientists have applied that 
technique, using 47 samples of Dalradian limestones (Thomas, C.W. et al. 2004. 87Sr/86Sr 
chemostratigraphy of Neoproterozoic Dalradian limestones of Scotland and Ireland: 
constraints on depositional ages and time scales.  Journal of the Geological Society of 
London, v. 161, p. 229-242; DOI: 10.1144/0016-764903-001).  Unsurprisingly, the results do 
not show a smooth curve that can be matched directly with various estimates of secular 
change in seawater strontium isotopes; the limestones occur haphazardly through the 
sequence.  The effort is not helped by considerable differences between global seawater 
strontium isotope curves compiled by several authors, so Thomas and colleagues’ 
interpretation is limited.  Yes, the Dalradian is younger than 800 Ma, but by how much 
cannot be said with confidence.  Its base is an unconformity that represents erosion of an 
older 800 Ma orogen, and how long that took is anyone’s guess.  The lowest Dalradian 
limestone falls in a strontium-isotope span that matches that for about 700 Ma, which fits 
with recent evidence for continued thermal activity in the underlying complex at 730 Ma.   

 

Huge ice-rafted slab of limestone in the Port Askaig tillite 

Around the middle of the Dalradian deposition there occurs one of the most spectacular 
examples of possible glaciogenic rocks in the Precambrian, the Port Askaig Formation, which 
has been widely regarded as a product of one of the “Snowball” Earth events of the late 
Precambrian.  If the Dalradian deposition did begin around 700 Ma, then this unit cannot 
have formed in the earliest and best documented Sturtian glacial episode at 730 Ma, but 
perhaps in the younger Marinoan-Varangerian one (640 to 560 Ma).  The paper concludes 
with the time-honoured phrase “…await the application of alternative dating techniques”.   
It may be a long wait, and perhaps the most important unresolved aspects of the Dalradian 
are whether or not its 30 km maximum thickness represents several distinct depositional 
basins, and if it contains numerous breaks in deposition. 

 

And now….molybdenum isotopes!  Ocean anoxia in the Proterozoic (April 2004) 

“Everyone knows” that free atmospheric oxygen appeared about 2300 million years ago, 
thanks to the waste products of blue-green bacterial photosynthesis.  At least the land 
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surface became an oxidising environment and a progressively redder place, as Fe-2 was 
oxidised to Fe-3 which forms insoluble oxides and hydroxides.  Paradoxically, the shallow 
sea floor of earlier times was redder than anything since, because of exactly the same 
oxygen-containing, ferric minerals.  It hosted the largest build-up of any metal concentration 
in Earth’s history; the banded iron formations (BIFs) that have for a century or more been 
the source of industrial iron.  A simple, and probably accurate explanation for BIFs is that 
iron dissolved in ocean water that lacked oxygen as Fe-2, and was supplied by sea-floor 
volcanism.  Once blue-green bacteria began pumping out oxygen, an oxidising reaction 
dumped both elements as slimy red sediment where the two met.  Dissolved iron consumed 
oxygen – just as well, because to most prokaryote life it is a poison – yet as oxygen 
productivity rose (and perhaps sea-floor spreading slowed) dissolved iron was increasingly 
removed by oxidation from sea water.  The tipping point, when air contained oxygen and 
sea water became starved of iron (a vital micronutrient for phytoplankton) is difficult to 
address since the two chemical environments are so different and interact in complicated 
ways.  BIFs continued to form for about half a billion years after the first sign of atmospheric 
oxygen, then they disappear from the geological record at 1800 Ma ago.   

There were minor reappearances in the Neoproterozoic, at the time of “Snowball Earth” 
events, and that is a fascinating topic in its own right.  Clearly, there was a long period of 
transition to what we can regard as a thoroughly modern world.  Studies that use sulphur 
isotopes suggest that in the Mesoproterozoic the upper ocean was oxygenated while 
bottom waters were perpetually akin to those of the Black Sea today.  Conditions in them 
may have been highly conducive to burial of dead organic matter – rapid drawdown of 
atmospheric CO2, but allowing the massive production of methane by anaerobic bacteria.  
Methane is a far more potent greenhouse gas than carbon dioxide, so controls over climate 
may have been very different from today’s.   

Molybdenum offers an independent and potentially useful means of testing hypotheses 
about ocean chemistry.  It enters the sea in river water, which in post-2300 Ma times would 
have been oxygenated, allowing the formation of the soluble and very stable molybdate ion.  
In anoxic ocean floor conditions, bacteria that generate hydrogen sulphide remove 
molybdenum as the sulphide, which is why modern Mo concentrations remain stable – it 
ends up in a very small percentage of ocean floor sediments.  The stable isotopes of 
molybdenum (97Mo and 95Mo) fractionate during precipitation of the element, the heavier 
one being preferentially removed during sulphide precipitation, to give high 97Mo/95Mo 
ratios in sediments.  The opposite seems to occur if precipitation is in the oxide form, as in 
sea-floor manganese nodules.  Geochemists from the Universities of Rochester and 
Missouri, USA have compared Mo isotopes from apparently anoxic Mesoproterozoic 
sediments with those in modern euxinic basins (Arnold, G.L. et al. 2004.  Molybdenum 
isotope evidence for widespread anoxia in mid-Proterozoic oceans.  Science v. 304, p. 87-90; 
DOI: 10.1126/science.1091785).   

The Precambrian results are isotopically much lighter than modern ones, suggesting that 
97Mo did not become enriched in seawater as a result of oxide precipitation in the 
equivalent of modern manganese nodules.  They estimate that 10 times more of the ocean 
floor was anoxic than today or since about 1300 Ma ago.  So far no comparable work has 
been done of the extremely abundant black shales and schists of the Neoproterozoic, that 
link with “Snowball Earth” events.  Whether or not “modern” redox conditions emerged 
1300 Ma ago, with probably a big impact on climate controls, the oddest time climatically 
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was between about 750 and 600 Ma ago.  Not only were there several dramatic coolings 
and warmings, but the main indicator of organic carbon burial, δ13C, went haywire.  As did 
the BIFs, did ocean anoxic conditions once more get footholds.  Molybdenum isotope data 
seem likely to shed some light on  those strange times. 

 

Magnetic polarity reversals (April 2004) 

The Earth’s magnetic field is changing all the time, in its intensity, direction and, now and 
again, its polarity.  It’s the last that proved the key to sea-floor spreading and plate 
tectonics, though ocean-floor magnetic “stripes”, and which has become a key stratigraphic 
tool for correlation and approximate dating.  Along with palaeomagnetic pole 
determinations, that are vital to continental reconstructions, the whole field still remains 
largely empirical.  Although widely agreed to be connected to changes in motions in the 
core, exactly what happens during reversals of geomagnetic polarity remains enigmatic, 
despite 40 years having passed since they were first recognised.  There is no doubt that they 
are quick events, but to judge their pace and what happens to field strength and direction 
during a “flip” requires high quality data that is well-calibrated to time.  Most early work 
focussed on magnetisation in igneous rocks, where the signal is strong.  Minerals such as 
igneous magnetite acquire a permanent magnetisation once they cool below their Curie 
temperature, but since accurate radiometric dating gives an age, not a range of ages, it 
might seem that all that is possible with lavas and intrusions is to obtain a series of points.  
Fine for a time series, but useless for the details of reversals.  However, by modelling the 
cooling history of an igneous body, it is possible to calibrate different levels within it to time.  
With careful choice, it has proved possible to find flows in flood basalt sequences that 
include the brief progress of a reversal.  The results seem very odd, the pole itself seeming 
to migrate rather than jump from north to south, and gross changes in intensity over a short 
time.   

Improved instrumentation allows a shift from strongly magnetic basalts, to sediments that 
preserve much weaker signals.  These are due to the alignment with the field of magnetic 
grains as they slowly settle.  Marine sediment cores can now be magnetically characterised 
– the principle behind magneto-stratigraphy.  For geomagnetists the most recent reversals 
have proved especially instructive, when the sedimentary record is analysed (Clement, B.M. 
2004.  Dependence of the duration of geomagnetic polarity reversals on site latitude.  
Nature, v. 428, p. 637-640; DOI: 10.1038/nature02459).  On average, the last four “flips” 
took about 7000 years to complete by migration of the magnetic poles.  Yet there is an 
oddity in the detail.  Sites at low latitude show significantly shorter periods (down to 2000 
years) than those at high latitude (as much as 10000 years).  Clement’s explanation for the 
difference is the persistence of the lower intensity non-dipole field, which might suggest 
different core processes or a single process with several components that evolve at different 
rates. 

 

Sulphur cycling and sea-level change (April 2004) 

Sulphur is one the major prerequisites for life after carbon, hydrogen, oxygen and nitrogen, 
and the bulk of it is supplied by sulphate ions.  After chlorine, the SO4

2- ion is the most 
abundant anion in the oceans.  Not very much is added annually by river drainage, and 
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although anaerobic bacteria remove some by reducing it to hydrogen sulphide so that it is 
removed from solution as a result of precipitation of insoluble iron sulphide, the sulphur 
cycle has been considered to be the most sluggish of all the major geochemical rhythms at 
the Earth’s surface.  Because iron sulphide is highly reactive in oxidising conditions, should 
marine sulphide-rich sediments become exposed at the surface their oxidation to sulphuric 
acid and iron hydroxide would rapidly add sulphate ions to seawater.  Studies of sulphur 
isotopes seem to suggest that this is not very important however.  Through sulphate-
sulphide reducing bacteria, sulphur is implicated in the carbon cycle because of its sheer 
abundance, not so much from the encouragement and burial of the bacteria, but because 
they induce the highly reducing conditions that help a larger proportion of dead organic 
matter to remain unoxidised and become buried.  In a roundabout way, sulphur has a role in 
climate controls.  In fact, two roles.  Sulphate ions affect the alkalinity of seawater, and on 
that depends the oceans’ ability to dissolve CO2 from the atmosphere.  The big question is, 
“Does the sulphate content of seawater ever change fast enough to have some impact on 
climate in the short term?".  Most studies of the S-cycle have focused on sulphur isotopes, 
so a new twist is bound to be interesting.   

Alexandra Turchyn and Daniel Schrag of Harvard University looked instead at the isotopes of 
oxygen within barium sulphate contained within seafloor sediments since the Late Miocene 
(about 10 Ma ago) (Turchyn, A.V. & Schrag, D.P. 2004.  Oxygen isotope constraints on the 
sulfur cycle over the past 10 million years.  Science, v. 303, p. 2004-2007; DOI: 
10.1126/science.1092296).  Up until 6 Ma, the barite δ18O (measured against mean ocean 
water values) stayed constant at about 9.5‰, and then rose to around 12.5‰ by 3.5 Ma.  
Through the Late Pliocene and Pleistocene, the period of repeated glacial-interglacial cycles, 
it fell dramatically to its present level of 7.9‰.  In that later period, the average δ16O of 
deep water foraminifera rose significantly.  The decline in “heavy” oxygen in marine 
sulphates can be linked to increased exposure of pyrite-bearing marine sediments during 
glacial sea-level falls when “light” atmospheric oxygen enters the sulphate ions that are 
produced.  Modelling suggests sulphate ions in seawater increased by as much as 20% 
during the Great Ice Age.  Whether that had an influence on the oceans’ take-up of carbon 
dioxide from the atmosphere in the last 3 Ma is yet to be evaluated.  However, Turchyn and 
Schrag’s detection of a short term shift in the sulphur cycle, and attributing it to falling sea 
level, may allow a new approach to global sea-level change, which has mainly been deduced 
from features in stratigraphy. 

See also:  Derry, L.A. & Murray, R.W. 2004.  Continental margins and the sulfur cycle.  
Science, v. 303, p. 1981-1982 

 

New benchmarks for geological time (May 2004) 

In the December 2003, I mentioned a programme aimed at sorting out the calibration of the 
stratigraphic column to an absolute or radiometric timescale (Recalibrating the stratigraphic 
column).  The other side of this task is deciding on where to place the “golden spikes”, 
otherwise known as global standard stratotype-section and points (GSSPs).  They are 
locations where the best exposures of world-wide events can be found.  The first, defining 
the disappearance of graptolites at the Silurian-Devonian boundary (no-one knows why that 
happened), was placed in 1972 near the wonderfully named town of Klonk in the Czech 
Republic.  GSSPs are essential in defining events, no matter if their ages change as dating 
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methods and results advance.  Until 1999 the problem was that only 15 of the 91 stage 
boundaries of the Phanerozoic had been defined agreeably by such “golden spikes”.  That 
year the International Union of Geological Sciences (IUGS) spurred a crash programme of 
GSSP definition, but there have been political as well as geological disagreements.  The most 
important “spike” is at the Permian-Triassic boundary – the end of the Palaeozoic Era, and 
the time of the largest ever mass extinction – and there have been heated discussions over 
whether to have it in Iran, Kashmir or China.  Zhejiang Province in China won, and it now has 
a 6 metre high monument at the boundary!  This and Klonk should be on every geologists’ 
future tourist itineraries.  There are now 50 stage-boundary GSSPs, and together with a 
revision of currently accepted dates, the revised stratigraphic column can be downloaded 
From the International Commission on Stratigraphy’s website.  All is not so well with 
Precambrian time, for the obvious reason that it contains no tangible fossils, and it is still 
arbitrarily split by round-number dates.  But there is some hope for a similar system of 
“golden spikes” that use probably global events such as glacial epochs, and perhaps shifts in 
the δ13C of carbonate sediments that should record global changes in ocean composition. 

Source:  Whitfield, J. 2004.  Time lords.  Nature, v. 429, p. 124-125; DOI: 10.1038/429124a. 

 

Sulphides in the ocean (September 2004) 

 About 2.3 billion years ago, ancient soils begin to reveal that Earth, or more precisely life 
upon it had developed an atmosphere that contained oxygen, albeit at quite low levels.  
One of the most interesting events during the Proterozoic Eon was the world-wide 
disappearance of vast deposits of iron oxides known as banded iron formations or BIFs, at 
about 1.8 billion years.  Many authorities view that as the time when sufficient oxygen was 
dissolved in seawater to have removed soluble Fe-2 at its source, on the ocean floor near 
hydrothermal vents – BIFs formed in shallow water and that requires Fe-2 to have 
permeated the entire oceans.  There is another possibility.  The presence of atmospheric 
oxygen would have ensured the oxidation of iron sulphide exposed at the land surface, 
thereby adding sulphate ions to river water, and eventually seawater.  Another line of 
evidence for atmospheric oxygen is the disappearance of detrital sulphide grains from 
sedimentary rocks younger than 2.3 billion years, so a build-up of sulphate ions in later 
seawater is quite plausible.  Should deep-ocean chemistry have been reducing, it is possible 
that sulphide ions would form there.  The insolubility of iron sulphides would then remove 
Fe-2 from seawater equally as efficiently as would oxygen.  Danish and Canadian 
geochemists have investigated this possibility using data from sediments in Canada that 
mark the last phase of major BIF deposition around 1.8 billion years (Poulton, S.W. et al. 
2004.  The transition to a sulphidic ocean ~1.84 billion years ago.  Nature, v. 431, p. 173-177; 
DOI:10.1038/nature02912).  They found that conditions changed from one in which 
seawater contained dissolved Fe-2 at the time of the last BIF deposition to one dominated 
by sulphide ions, similar to that found in modern anoxic waters such as those in the Black 
Sea.  That would have sequestered any available Fe-2 to pyrite in sediments, a feature 
typical of many later Proterozoic sediments.  Since seawater during the Phanerozoic was 
dominated by sulphate ions, except in periods of ocean anoxia, it looks likely that late 
Precambrian sulphidic oceans gave way to more modern sulphur chemistry following a rapid 
rise in atmospheric oxygen at the end of the Proterozoic.  One consequence of highly-
reducing deep ocean water would have been very efficient burial of dead organic matter 
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while it lasted, because anaerobic bacteria do not fully convert organic molecules back to 
water and carbon dioxide.  During the Neoproterozoic δ13C in seawater underwent rapid 
swings from highly negative to highly positive, on which all kinds of connotations have been 
placed.  Another explanation for the carbon hiccups might be that periodically there were 
short-lived increases in oxygenation of deep ocean water. 

 

Tying down the Devonian-Carboniferous boundary (November 2004) 

Getting the stratigraphic column properly calibrated from relative to absolute time is all the 
rage these days (see New benchmarks for geological time above).  On the recent 
stratigraphic chart published in late 2003 by the International Commission on Stratigraphy, 
the Devonian-Carboniferous boundary has a “golden spike” global standard section and 
point (GSSP) dated at 359.2 ± 2.5 Ma.  Already, that is disputed because of new radiometric 
dating from an “auxiliary” global stratotype section (Trapp, E. et al. 2004.  Numerical 
calibration of the Devonian-Carboniferous boundary: Two new U-Pb isotope dilution-
thermal ionization mass spectrometry single-zircon ages from Hasselbachtal (Sauerland, 
Germany).  Geology, v. 32, p. 857-860; DOI: 10.1130/G20644.1).  As well as holding the 
record for length of any publication title that I have seen in the 21st century, the paper 
contains some intriguing points.  That a carefully determined age for the strata at 
Hasselbachtal has been possible is thanks to about six, centimetre-thick ash beds in richly 
fossiliferous sediments just above the faunally determined boundary.  Twenty-three single-
zircon ages from the two ashes just above the accepted faunal boundary give ages of 360.5 
± 0.8 and 360.2 ± 0.7 Ma.   

Now, to you and I, and many less pernickety geochronologists, that spells out the well-
known phrase or saying, “within error”, as indeed is that of the GSSP.  And, for a convoluted 
reason based on plotting an age from another tuff with these ages against the 
palaeontological data, the age presented for D-C itself is 360.7 ± 0.7 Ma.  This may be a 
better age than that of the GSSP.  But, so what?  The D-C boundary is not associated with 
any family-crushing catastrophe like the P-T or K-T boundaries, nor even that within the Late 
Devonian itself.  Are “they” going to move the GSSP from its present location in southern 
France, ratified in 1990, along with the vast pyramid of precious and intricately carved 
crystal, which no doubts marks its spot?   

An altogether more serious threat to the established order is the stealthy attempt to abolish 
the last remnant of the great stratigraphic divisions inspired by Giovanni Arduino’s work in 
the 18th century; the Quaternary System is besieged!  One of my spies, not unconnected 
with this episode of our own emergence on the planet, attended a stormy meeting at the 
32nd International Geological Congress in Florence in August 2004, which seemed likely to 
expunge the Quaternary from the minds of all future geologists.  He gleefully reported that 
a mighty rearguard action had put off that evil day, at least for a while.  Sadly, the writing is 
already on the great IUGS/ICS stratigraphic wall chart – its is no longer there!  The last relic 
in officialdom is in the latest definitive publication (Gradstein, F.M. et al. 2004.  A new 
geologic time scale with special reference to Precambrian and Neogene.  Episodes, v. 27, p. 
83-100).  On page 86, at the very top of the table conferring status on GSSPs, it is written 
“This composite epoch [the “Quaternary”] is not a formal unit in the chronostratigraphic 
hierarchy”.  So there you have it; the issue is getting things into proportion. (Note added 
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September 2018: The Quaternary was subsequently reinstated, presumable because of the 
furore, and remains in the official Geological Time Scale 14 years on) 

 

A record of the Palaeoproterozoic lunar cycle (November 2004) 

One of the many natural processes that produce rhythmic sediments is the ebb and flow of 
the tide, twice a day and with an amplitude that peaks and falls twice each lunar month 
(today a 28-day cycle) to produce spring (new and full moon) and neap tides (the two half 
moons).  Tidal rythmites consist of thin laminae whose thicknesses vary regularly for many 
cycles.  Their occurrence and that of other sedimentary structures formed by tidal action, 
such as “herring-bone” cross stratification formed by reversals in tidal currents date back to 
Mesoarchaean (3.2 G. Fine rythmites can be analysed to work out the former length of the 
lunar month, and help refine ideas on the evolution of the Earth-Moon system.  Rajat 
Mazumder of Asutosh College, Kolkata, India has analysed the earliest known tidal rythmites 
from the Palaeoproterozoic of NE India (Mazumder, R. 2004.  Implications of lunar orbital 
periodicity from the Chaibasa tidal rhythmite (India) of late Paleoproterozoic age.  Geology, 
v. 32, p. 841-844; DOI: 10.1130/G20424.1).  His work shows that between 2.1 to 1.6 Ga the 
lunar month was 32-days long.  Remarkably, the record in these sediments is as detailed as 
found in modern ones from estuarine silts.  As well as rhythms, they record occasional 
perturbations due to storms.  Using the changes in the lunar month during the last 450 Ma 
erroneously suggests that the system emerged from a period around 1.5 to 2.0 Ga following 
a major collision – that of course is ruled out by a total lack of evidence of such a 
catastrophe.  The new datum suggests instead a steady decrease in the lunar month, that 
corresponds with the Moon’s gradually receding from the Earth.  Energy apparently lost by 
tidal action is conserved by an increase in the angular momentum of the Earth-Moon 
system, and that forces the Moon ever further from us – its orbital velocity increases. 

 

 

http://www.mantleplumes.org/WebDocuments/GEOY-32-10-841.pdf
http://www.mantleplumes.org/WebDocuments/GEOY-32-10-841.pdf
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