
The biostratigraphy of salt. 

Examples from the Algarve Basin, SW Portugal.
G. Machado – Chronosurveys and Instituto Dom Luiz, Portugal – info@chronosurveys.com

P. Fernandes – University of the Algarve, Marine and Environmental Research Center (CIMA)

www.chronosurveys.com

mailto:info@chronosurveys.com
http://www.chronosurveys.com/


Overview • Biostratigraphic information from Evaporites

• History of study

• Methods

• Does it work?

• Loulé Salt Mine, Algarve Basin,SW Iberia

• Local geology

• Sediments embedded in salt and dirty salt

• Palynology results

• Conclusions

Biostratigraphy of salt



BIOSTRATIGRAPHIC 

INFORMATION FROM

EVAPORITES



History of study

• The oldest reference is of Hugo Lück in 1913 who studied the palynology of 

Zechstein salt found in boreholes of Northern Germany.

• Most of the development of the biostratigraphy of evaporites was done in the 

1950’s and 1960’s by Wilhelm Klaus who studied the Permian and Triassic 

evaporties of Austria and Germany. 

• Other authors studied the biostratigraphy of salt occurences around the World 

(mostly 1960’s), with emphasis on the Zechstein salt, but recent work is scarce.



History of study

• Recent references to salt biostratigraphy are rare and applied to the Oil 

& Gas industry are even rarer.

• Most of the work refers to evaporites, but some also to the interbedded 

sediments.

Jux, 1961, Gulf Coast

2003



Methods

• Biostratigraphy of interbedded sediments follows standard preparation 

methods – foraminifera, conodonts, nannofossils, etc.

• Preparation method of evaporites is not straightforward, especially for 

palynology.

• Standard method removes carbonates (with HCl) and silicates (with HF) 

to obtain organic residue.

• Evaporites don’t react with these acids and the organic residue needs to 

be isolated using adapted methods.
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Does it work?

• In the interbedded sediments – YES! It only depends if the rocks are 

fossiliferous. Different fossil groups will be present in different rock types.

• In evaporites – It depends on:

• Original fossil content – organic matter preservation will essentially depend on Eh conditions 

(must be reducing) during deposition and diagenesis. Evaporites often allow good to 

excellent preservation of palynomorphs.

• Preparation method – standard preparation methods may not work and only adapted 

procedures may be effective.

• Palynology requires only a few grams of sample (typically 100g) – cuttings 

are suitable. It provides information on depositional age, paleoenvironment 

and thermal maturation.
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Algarve Basin

Teixeira, 2017

• Located in SW Iberia, typical North Atlantic Basin (although close to the 

Tethyan domain).

• Carboniferous metamorphosed basement and Upper Triassic red beds, 

followed by thick Jurassic carbonate sequence.

• Evaporites occur above the 

red beds in several areas of 

the basin and form diapirs, 

salt walls and other 

structures on and offshore, 

mostly in the subsurface.
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Algarve Basin and Loulé diapir
• Elongate rhombic shape with a WNW– ESE long axis of at least 5 km.

• Located along a regional anticlinal fold.

• Limited by thrust and normal faults.

• Salt is 93% halite, 4% clays, 2% gypsum and 1% of other elements.

Davison et al., 2016



Loulé diapir salt and interbedded sediments

• Apart from the halite, there are short sequences (ca. 2m) of 

interbedded sediments, often forming boudins within the salt.

• All lithologies were sampled and processed 

for palynology.



Loulé diapir salt and interbedded sediments
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Loulé diapir dirty salt

• The 4% of clays are concentrated on thin layers, but also occur 

scattered within the halite.

• Spot samples were also taken and processed for palynology.

2cm



Palynology initial results

• The dirty salt samples were relatively easy 

to process – clays were released by 

diluting with hot water. Other evaporites 

remained which made observation difficult.

• Only terrestrial indicators (spores/pollen).

• Few phytoclasts (woody material).

• Amorphous Organic Matter is scarce.

2cm 20µm

Classopollis spp.

?Cerebropollenites sp.
Cycadopites sp. Araucariacites ? australis

? Patinasporites sp.Vallasporites sp.



Palynology initial results

• The organic-rich shale samples were 

more difficult to process as they 

contained other evaporites which were 

not evident at first. 

• Only terrestrial indicators 

(spores/pollen).

• Few phytoclasts (woody material).

• Amorphous Organic Matter is scarce.

20µm

2cm

Classopollis spp.

Cycadopites sp. ?Araucariacites australis

? Perinopollenites sp.

?Cerebropollenites sp.



Palynology initial results

• Spore colour varies, but in most cases is amber 

brown to dark brown: TAI ~ 3. Previous results 

are consistent (Fernandes et al., 2013).

• Thermal maturation is within the oil window in 

accordance with previous results from vitrinite 

reflectance: 0,91 to 1,14%Ro (Fernandes et al., 

2013).

• This corresponds to late oil window.

Hartkopf-Fröder et al. 2015



CONCLUSIONS



Conclusions • Samples from the Loulé salt mine were productive in terms of 

palynology recovery.

• Sedimentation age is probably Hettangian (lowermost Jurassic) –

consistent with previous results (Fechner, 1989).

• The vast majority of the organic content is of terrestrial origin –

likely transported from lake shore? 

• The spore colours are indicative of the late oil window in terms of 

thermal maturation. 

• Several lithologies can be used for this type of analysis, including 

the halite itself.

• Sample size is small – outcrop, core, SWC and cuttings are 

suitable.

• Lab procedure needs to be slightly adapted.

• The method has the potential to be used in any salt basin and 

many regions around the World remain untested.
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