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PPL-CL photomicrograph pair, illustrating the importance of using CL for revealing zonation in calcite cements. Zechstein, UK SNS. The amazing thing is that the 
same zonation can be seen in a well >100km away from this, in the same stratigraphic interval......
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Porosity-depth curves predict poor reservoir quality at 
depth. But this sample from just under 6600m, shows 
significant connected porosity in open stylofractures, within 
a limestone reservoir. The observed porosity is of late 
formation, imprinted upon a rock fabric that had 
significantly under 1% remnant primary porosity prior to 
stylolitisation and dissolution; these features post-date all 
earlier depositional and diagenetic fabrics. In contrast to 
most ‘stylofractures’ as observed petrographically, there is 
only very insignificant infill of the fracture porosity by calcite 
spar cements. Mechanisms of porosity formation are 
uncertain but other pores within the same network within 
the BRV are commonly microporosity after dissolution of 
formerly high-Mg calcitic components. 
From Cretaceous platform carbonates around the margin of 
the Gulf of Mexico Basin
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Dedolomites are carbonate rocks which have been dolomitised, and then subsequently CALCITISED (also known as DE-DOLOMITISED). The calcitisation is often associated with dissolution of sulphates. When 
sulphates (CaSO4) are dissolved, Ca is released into the pore fluids, greatly increasing the Ca/Mg ratio. The increase in the Ca/Mg ratio results in replacement of dolomite by calcite.
De-dolomites are often easy to recognise in thin section – but the thin sections need to have a carbonate stain to confidently differentiate dolomite/calcite (calcite has a pink stain; dolomite does not take up 
the stain). 
In the example to the left, coarse dolomite (rhomb shapes, arrowed) have been de-dolomitised, resulting in a pink-stained calcite mineralogy. The calcite has perfectly replaced the crystal morphology that 
the dolomite possessed. In the example to the right, a fine crystalline dolomite has been calcitised. The result is a coarse calcite crystal (pink), engulfing small dolomite crystals which have ragged, dissolved 
margins (arrows)……..Diagenesis of carbonates can be complicated, but always amazing!!!



www.cambridgecarbonates.com

Is that really a carbonate? Yes of course, sandy and with 
glauconite, but what a colour! This thin section from the 
Cretaceous of Kuwait was impregnated with blue-dyed 
epoxy but overall fully carbonate stained (Alizarin Red-S + K-
ferricyanide). And this reveals an intense Fe-rich 
dolomitisation. A well known bioclast of the Cretaceous is 
lost in the shades of blue...
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Echinoderms (E) are known to be excellent substrates for the growth of cements, the syntaxial cements (S). Such cements grow in optical continuity with their substratum, from eogenesis
(early diagenesis) through mesogenesis (burial diagenesis).

An excess of echinoderm fragments is often very detrimental to reservoir properties in carbonates, "too much too bad" (left photos, PPL, XPL; Jurassic Paris Basin). But what about scattered 
echinoderm fragments within a grainstone? Many examples may indicate that such scattered elements may play a role in providing a kind of rigid framework preventing from compaction 
(right photo, stained; J/K Kuwait).

This role may sometimes be underestimated.
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This image shows a typical view of high porosity Miocene 
age carbonate from offshore Vietnam; these are 
characteristic of dolomitization by Kohout processes in 
which Mg-rich seawater cells circulate within isolated 
carbonate platforms. 
Examples are particularly commonly seen across much of 
the Neogene of SE Asia. Characteristic features include 
mimetic fabrics (=fabric preserving) after coralline red algae 
(examples in top right) of originally high-Mg calcite 
composition, whilst there is a complete loss of originally 
aragonitic components such as bivalves, whose moulds are 
now replaced and partially infilled by equant dolomite 
rhombs. 
In the bottom left corner is an echinoderm fragment with 
syntaxial overgrowth, the only calcitic component in the 
field of view. Obviously, these rocks can provide 
spectacularly high porosities as well as permeabilities, but 
reservoir quality may become compromised where there is 
development of significant microporosity, such as in a small 
darker area between the echinoderm fragment and the top 
of the fov.
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Micron-sized records of 4th order parasequences

As part of compiling a field guide chapter for a Geologist’s Association forthcoming memoir (for which see my post of two weeks ago) Andy re-visited the CL of the early cements (syntaxial ovegrowths) within 
some of the cycle top grainstone fabrics. Although unremarkable in PPL, the CL image shows cyclic flaring of these distinctive bright into non-luminescent calcite; stacking of such cements, produces successions 
of pairs, bright singles and thick duller singles, that can be correlated (rather like a product bar code) with a high degree of confidence across the platform interior (width of at least 30km). Early zones are 
progressively lost up through the stratigraphy, and the whole phase does not appear beneath a thick shale marker (=aquitard). Counting the zones gives a local stratigraphic resolution better than can be 
achieved with foraminifera in the same rocks. These events are interpreted as indicating individual ‘icehouse’ subaerial exposure events, developed following the onset of glacio-eustacy in the later Dinantian
(Asbian) at the end of the Palaeozoic, as published previously (although in black and white) (Horbury, A.D. and Adams, A.E., 1989. Meteoric phreatic diagenesis in cyclic late Dinantian Carbonates, northwestern
England. Sed. Geol., 65, 319–344). We have witnessed similar ‘flaring’ cements in platformal sediments of similar age in areas as diverse as the rest of the UK, as well as in the USA, and Australia.
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Glauconite is typically associated with clastic sediments, but 
we see glauconite in carbonates too!
This photomicrograph is from a Cretaceous karst fill in the 
Middle East, where there is a microsparitic carbonate matrix 
encasing fine-medium sand grade, sub-rounded glauconite 
grains.
Love the colour contrast!
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Dolomitisation is good? Dolomitisation is bad?

Thinking back to some comments received regularly during exchanges with students or clients about the natural tendency to think that a process will go in a certain direction or the other. Dolomitisation is not 
simply always either good or bad for reservoir properties. Dolomitisation affects and changes them, but not always! Two examples illustrated here of ooid/peloid/bioclastic dolograinstone (all dolomite, thin 
sections were fully stained).

One is a fabric preserving or mimetic dolomite, with dolomite crystals being silt-sized or lower (<15µm). The properties of the initial limestone are preserved (with other diagenesis however), leaving interparticle 
pores and intraparticle pores. The other is a fabric destructive or non-mimetic dolomite, with dolomite crystals being fine to medium crystalline. The pore system is reorganised, leaving some moulds and 
intercrystalline pores…… Never start a work with a too oriented idea in mind with dolomite!
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Today's poem title is: "The heartless dolomite and the 
floating stylolite".
Feel free to write your own para"poetic" sequence for this 
Paleocene-Eocene sample of the Middle East.
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Pores of the Caribbean

Cenozoic carbonates of North Africa and the Middle East are famed for their nummulitic reservoirs, but their back-reef (lagoonal) lithofacies are commonly non-pay, if not a lateral seal. However, by way of 
contrast, age-equivalents in the Caribbean show well-developed porosity systems within the ‘lagoonal’ system. A variety of pore types are present, from remnant primary porosity, to early mouldic porosity, but 
with a significant development of late secondary porosity, particularly after dissolution of micritic larger benthic foraminifera (e.g. alveolinids, larger miliolids). 

On the left is an example here shows a combination of these fabrics; note the obvious mouldic/early fracture porosity (labelled) but also later secondary porosity (blue ‘cast’ over the bioclasts in the lower part of 
the cutting). Reasons for the differences between the two Tethyan provinces are not entirely clear, but the Caribbean carbonates contain different biotic assemblages which may be a factor, plus the 
geochemistry of late circulating fluids may also be significantly different. 

On the right is an example of a larger miliolid-alveolind grainstone; early diagenesis shows porosity occlusion by non-ferroan calcite spar (pink staining). However, of interest is the evidence of significant burial 
porosity creation. Here, originally micritic wall structures of the foraminifera have been almost entirely lost due to such burial dissolution. Subsequent migration of hydrocarbons can serve to keep this pore 
system open, but as can be seen here in situations close to faults, the pores may be filled by fracture-fed cements. In this case a late sparry ferroan calcite (deeper mauve colour stain) and a ferroan dolomite 
(turquoise stain). Samples courtesy of Chris Matchette-Downes
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Breccias and conglomerates are notoriously difficult to 
recognise in cuttings, as the size of the cuttings is typically 
smaller than that of the breccia itself. So it’s a rare treat to 
find examples like this one! A breccia, where the clasts are 
composed of shallow platform carbonates interpreted to be 
of Cretaceous age, with a matrix full of deep-water, 
Cenozoic, planktonic foraminifera 😊
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Today we have a PPL and CL pair of photomicrographs from oolites in the Arenque field in Mexico. Early non-bright overgrowths on the echinoderm fragment are actually hypersaline marine. 
The bright is very early burial low-salinity, low-temperature and pre-dates compaction (it compacts into ooids). Late cements are also burial but enclose grains (i.e. are post compaction). 
Residual IE porosity in blue, is a function of the degree of early cementation preventing compaction, as well as oil inhibition of further development of the burial cements.  

For more detail, please see Andy's 1996 paper - copies available on request! Horbury, A., Celestino, J.L., Oxtoby, N., Soto, A and Johnson, S. 1996. Diagensis y evolucion de la porosidad en el
campo petrolifero Arenque, Costa Afuera de Tampico, Tamaulipas, Mexico. Bol. Ampg. VXLV (#2) p58-80
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It's great fun to compare our rocks to chocolates 
every now and then..... our "chocolate of the 
day" is lovely, bubbly aero.... with a distinct 
likening to some rather marvellous oomouldic
grainstones!

What is your favourite rock-chocolate?
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Here's some abstract art for thin section 
Thursday. A late Carboniferous colonial coral 
from the Barents Shelf. It has been replaced and 
cemented by carbonate and multiple generations 
of coloured silica. The image was taken in 
polarised light with a gypsum plate. 
5mm field of view.


