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5.1
Ultra-high precision dating of mass extinction events: 
a combined zircon geochronology, apatite tephrochronology, and 
Bayesian age modelling approach of the Permian-Triassic boundary 
extinction

Björn Baresel1, Hugo Bucher2, Morgane Brosse2, Borhan Bagherpour2 & Urs Schaltegger1

1 Department of Earth Sciences, University of Geneva, Rue des Maraîchers 13, 1205 Geneva (bjorn.baresel@unige.ch)
2 Paläontologisches Institut und Museum, University of Zürich, Karl-Schmid-Strasse 4, 8006 Zürich

Chemical abrasion isotope dilution thermal ionization mass spectrometry (CA-ID-TIMS) U-Pb dating of single-zircon crystals 
is preferably applied to tephra beds intercalated in sedimentary sequences. By assuming that the zircon crystallization age 
closely approximate that of the volcanic eruption and ash deposition, U-Pb zircon geochronology is the preferred approach 
for dating mass extinction events (such as the Permian-Triassic boundary mass extinction) in the sedimentary record. As 
tephra from large volcanic eruptions is often transported over long distances, it additionally provide an invaluable tool for 
stratigraphic correlation across distant geologic sections. Therefore, the combination of high-precision zircon geochronology 
with apatite chemistry of the same tephra bed (so called apatite tephrochronology) provides a robust  fingerprint of one 
particular volcanic eruption. In addition we provide coherent Bayesian model ages for the Permian-Triassic boundary (PTB) 
mass extinction, then compare it with PTB model ages at Meishan after Burgess et al. (2014).

We will present new high-precision U-Pb zircon dates for a series of volcanic ash beds in deep- and shallow-marine 
Permian-Triassic sections in the Nanpanjiang Basin, South China. In addition, apatite crystals out of the same ash beds 
were analysed focusing on their halogen (F, Cl) and trace-element (e.g. Fe, Mg, REE) chemistry. We also show that 
Bayesian age models produce reproducible results from different geologic sections. On the basis of these data, including 
litho- and biostratigraphic correlations, we can precisely and accurately constrain the Permian-Triassic boundary in an 
equatorial marine setting, and correlate tephra beds over different sections and facies in the Nanpanjiang Basin 
independently from litho-, bio- or chemostratigraphic criteria. The results evidence that data produced in laboratories 
associated to the global EARTHTIME consortium can provide age information at the 0.05% level of 206Pb/238U zircon dates.

REFERENCES
Burgess, S.D., Bowring, S., Shen, S.Z., 2014. High-precision timeline for Earth’s most severe extinction. PNAS 111, 3316-

3321.
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5.2
Sedimentary signatures of the Paleocene-Eocene Thermal Maximum 
(PETM) in the South-Pyrenean foreland basin, Spain

Chen Chen1, Sebastien Castelltort1, Laure Guerit1, Chris Paola2, Brady Forman3

1 Department of Earth Sciences, University of Geneva, Rue des Maraichers 13,CH-1206 Geneva, Switzerland  
  (chen.chen@unige.ch) 
2 Department of Geology and Geophysics, and St. Anthony Falls Laboratory, University of Minnesota,  
  Minneapolis, Minnesota 55414, USA
3 Department of Geology & Geophysics, Western Washington University, Bellingham, WA, USA

Deciphering sedimentary signatures has prominent implication for paleogeographic reconstruction and interpreting the 
sedimentary record of Earth history: what can sediments and rocks tell us about the past?

The Paleocene-Eocene Thermal Maximum (PETM) is an extreme global warming event that occurred about 56 million 
years ago. Global temperatures are estimated to have increased by 5-8°, and it has been proposed to be a geologic 
analogue for anthropogenic climate change. 

In the southern Spanish Pyrenees, based on outcrops and borehole information from the Tremp-Graus Basin, it is shown 
that a sea-level fall of at least 20 m occurred less than 75 kyr prior to the PETM. In the central part of the Tremp-Graus 
basin, the Paleocene to early Eocene record is shown by the Esplugafreda section. A paleo-incised valley carved into 
Esplugafreda formation and is interpreted as the unconformity boundary produced in response to the pre-PETM sea level 
fall. The valley filled by channel-like conglomeratic sandbodies at the bottom and finer reddish floodplain deposit in the rest 
of the section. The incised valley is capped by the Claret Conglomerate — an extensive sheet-like unit which ranges in 
thickness between 1m and 4m of and is generally interpreted as the river response to a dramatic climate change at the 
PETM because of its occurrence at or close to the PETM signal recorded in the stable isotope composition of paleosoil 
nodules (Pujalte et al. 2014). The conglomerate unit ends abruptly and is overlaid by fine-grained yellowish soil which is 
mainly made up of silty mudstones with abundant small size carbonate nodules suggesting another shift in the hydrological 
cycle after the PETM. Sea level kept rising after the PETM and all of the section was inundated by the ocean in terms of 
Ilerdian of marine limestone on the top of the section.

Many studies (Schmitz &Pujalte 2003, 2007; Pujalte et al, 2014) suggested that grain size changes significantly across the 
based essentially on the observation of the coarse-grained Claret Conglomerate. We tested this assumption by performing 
a thorough field analysis of grain size within conglomerates in the formations below, at, and above the Claret conglomerate. 
Our results show that there is no significant grain size variation across the PETM.

To test our hypothesis, we performed several experiments of incised valley filling during a single base-level rise in the Saint 
Antony Falls Laboratory (SAFL, University of Minnesota). We systematically changed water discharge, sediment flux and 
the rate of base level rise rate to document the resulting effect on the stratigraphic signature preserved in the valley fill and 
compare it with the sedimentary record of the Esplugafreda section.

REFERENCES
Schmitz, B. & Pujalte, V. 2007: Abrupt increase in seasonal extreme precipitation at the Paleocene-Eocene boundary. 

Geology, 35, 215–218.
Simpson, G. & Castelltort, S. 2012: Model shows that rivers transmit high-frequency climate cycles to the sedimentary 

record. Geology, 40, 1131–1134.
Pujalte V, Schmitz B, Baceta J I. Sea-level changes across the Paleocene–Eocene interval in the Spanish Pyrenees, and 

their possible relationship with North Atlantic magmatism[J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 2014, 
393: 45-60.

Schmitz B, Pujalte V. Sea-level, humidity, and land-erosion records across the initial Eocene thermal maximum from a 
continental-marine transect in northern Spain[J]. Geology, 2003, 31(8): 689-692.



168
Sy

m
p

o
si

u
m

 5
: 

St
ra

ti
g

ra
p

h
y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2015

5.3
The Early Toarcian Oceanic Anoxic Event: Insight from the Posidonia 
Shale across a Swiss transect

Fantasia Alicia1, Föllmi Karl B.1, Adatte Thierry1, Spangenberg Jorge E.2, Montero-Serrano Jean-Carlos 3

1 ISTE, University of Lausanne, 1015 Lausanne, Switzerland (alicia.fantasia@unil.ch)
2 IDYST, University of Lausanne, 1015 Lausanne, Switzerland 
3 ISMER, University of Rimouski, Quebec G5L 3A1, Canada

The Early Toarcian was marked by an oceanic anoxic event (OAE; ∼183 Ma, Early Jurassic), which was a global 
perturbation of paleoclimatic and paleoenvironmental conditions. Indeed, this episode records global warming, enhanced 
continental weathering, severe biotic crises, whereas extensive organic-rich sediments are noticeable for example in the 
Atlantic and in the Tethys. The T-OAE is associated with a negative carbon isotope excursion (CIE), recorded both in 
marine and terrestrial environments, which is commonly interpreted as due to the injection to the superficial reservoirs of 
isotopically-light carbon derived from the destabilization of methane hydrate in marine sediments and/or the thermal 
metamorphism of carbon-rich sediments (e.g. Hesselbo et al., 2000; Svensen et al., 2007). These perturbations were 
commonly related to a phase of intense volcanic activity due to the formation of the Karoo-Ferrar large igneous province in 
southern Gondwana.

Several studies of the T-OAE have been conducted on sediments in central and northwest Europe, but only few data are 
available concerning the Swiss sedimentary records. In the Early Jurassic, the northwestern Tethys Ocean predominantly 
consisted of shallow epicontinental sea with semi-restricted basins. In this ongoing project, we focus on sections 
corresponding to different paleogeographic domains: the Jura Mountains and the Briançonnais. Three sites were examined 
on the Jura Plateau (Rietheim, Gipf, Riniken NAGRA Borehole; canton Aargau) and one in the Préalpes Médianes (Creux 
de l’Ours, canton Fribourg). The H. exaratum Subzone record black shales with high (up to 10 wt.%) total organic carbon 
(TOC) content consisting mainly of marine phytoplankton and algal material. High chemical weathering indexes (Ln(Al2O3/
Na2O) and CIA-K) during the T-OAE confirm an increase in continental weathering rates which is concomitant with kaolinite 
enrichments. This corroborates a more humid climate prevailing during this interval (e.g. Dera et al., 2011). The δ13Corg and 
δ13Ccarb trends of the sections in the Jura Plateau confirm the erosion and/ or non-deposition (e.g. Kuhn & Etter, 1994; Röhl 
et al., 2001) of sediments dated as near the Pliensbachian-Toarcian boundary and from the Harpoceras falciferum Zone 
and our high-resolution geochemical approach highlight the influence of the paleogeographic and paleotopographic position 
of the studied sections. 

REFERENCES  
Dera, G., Brigaud, B., Monna, F., Laffont, R., Pucéat, E., Deconinck, J.-F., Pellenard, P., Joachimski, M.M., Durlet, C., 2011. 

Climatic ups and downs in disturbed Jurassic world. Geology 39, 215–218.
Hesselbo, S.P., Gröcke, D.R., Jenkyns, H.C., Bjerrum, C.J., Farrimond, P., Morgans Bell, H.S., Green, O.R., 2000. Massive 

dissociation of gas hydrate during a Jurassic oceanic anoxic event. Nature 406, 392–395.
Kuhn, O., Etter, W., 1994. Der Posidonienschiefer der Nordschweiz: Lithostratigraphie, Biostratigraphie und Fazies. Eclogae 

Geol. Helv. 87, 113–138.
Röhl, H.J., Schmid-Röhl, A., Oschmann, W., Frimmel, A., Schwark, L., 2001. The Posidonia Shale (Lower Toarcian) of 

SW-Germany: an oxygen-depleted ecosystem controlled by sea level and palaeoclimate. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 165, 27–52.

Svensen, H., Planke, S., Chevallier, L.,Malthe-Sørenssen, A., Corfu, F., Jamtveit, B., 2007. Hydrothermal venting of 
greenhouse gases triggering Early Jurassic global warming. Earth Planet. Sci. Lett. 256, 554–566.
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5.4
Subdivision of Late Triassic Klettgau-Formation of Northern Switzerland
Peter Jordan1, Hansruedi Bläsi2, Johannes Pietsch1 & Gaudenz Deplazes3

1 Geologisch-Paläontologisches Institut, University of Basel, Bernoullistrasse 32, CH-4056 Basel and Gruner Böhringer AG,  
  CH-4104 Oberwil (peter jordan@gruner.ch)
2 Institut für Geologie der Universität Bern, Baltzerstrasse1+3, CH-3012 Bern
 3Nagra, Hardstrasse 73, CH-5430 Wettingen

In the context of the harmonization of the Swiss stratigraphic scheme (HARMOS), the Triassic strata of Northern 
Switzerland have been recently subdivided into six formations (decision of the Swiss Stratigraphic Committee, 22. 
November 2014). In this study, a subdivision for the uppermost, the late-Triassic Klettgau-Formation, encompassing some 
30 to 75 m of playa sediments with fluvial and marine intercalations, is proposed.

After considering different possibilities, including the adaption of the recently reviewed stratigraphic scheme of Southern 
Germany (Etzold & Schweizer 2005, Geyer & Gwinner 2011), a pragmatic approach has been preferred which is based 
mainly on the traditional Swiss subdivision. Decisive were outcrop studies and deep wells recorded traditional stratification, 
and the concept of mappable units established by the Swiss Geological Survey. The opportunity has been used to review 
and formally define the different members and their lateral variations. For that, type localities have been described and 
defined, some of them after specific excavations.

The base of the Klettgau-Formation, and of its lowermost Ergolz-Member is defined with the ending of the sulfate facies of 
underlying Bänkerjoch-Formation (the former “Gipskeuper”). 

The Ergolz-Member (formerly “Schilfsandstein” and “Untere Bunte Mergel”) consists of variegated silty dolomitic marls with 
dolocretes and thin layers of fine grained sandstones deposited in a playa environment (“Überflutungs- oder Normalfazies”, 
z.B. Etzold & Schweitzer, 2005). Locally, NNE-SSE-trending channels occur, probably following paleo-valleys (“Rinnen-
Fazies”, dito). The channels are deeply eroded in the underlying strata and filled by fine grained sand of Scandinavian 
origin.
 
The Gansingen-Member (formerly “Gansinger Dolomit s.l.”) documents a marine transgression from SW. In North-western 
Switzerland it starts with partly porous dolomite with Carnian marine bivalves (Wildi 1976). In complete sections, the 
succession continues with an alternation of increasingly thinner dolomite beds with thin dolomitic marl interlayers. It ends 
with desiccation marks and a dramatic decrease of dolomite content (Peters 1964), marking the transition to terrestrial 
playa environment. Towards E (Weinland, Klettgau) and SE, the marine carbonates are replaced by litoral sabkha 
sediments, originally dolomitic sulfates, locally altered to dolomitic limestones (sulfate facies of Gansingen-Mb.). At several 
places, including the type locality, the Gansingen-Member has been eroded to great parts by Late Triassic erosion. Further 
E, a transition to coarse alluvial and fluvial sandstones of Vindelizian origin can be observed in the wells of the Seerücken 
area (Berlingen-Mb., new).

For practical reasons, the Gruhalde-Member (formerly “Obere Bunte Mergel” and “Knollenmergel”) encompasses all playa 
sediments above the Gansingen-Member. Evidence in good outcrops in Switzerland and correlation with the well-
established German stratigraphic scheme suggests that it consists of different sedimentary cycles separated by long time 
spans of no sedimentation and erosion. At the type locality, the lower part consits of variegated dolomitic marls including 
different desiccation horizons, sulfcretes and erosional channels. In the middle part, additionally, thin interlayers with coarse 
sand of Vindelizian origin can be observed, which may be correlated with the Seebi-Member of North-eastern Switzerland 
(see below). The upper part consists of mostly greenish-grey dolomitic marls, again, with channels fills. Evidence in 
Belchen section and Schafisheim well suggests that in North-western Switzerland the upper part is missed due to late 
Triassic erosion.

The Seebi-Member (formerly “Stubensandstein”) includes layers of coarse grained alluvial and fluvial sandstones of 
Vindelician origin with calcite, siliceous or clay matrix. Locally, matrix fraction increases and becomes mostly dolomitic in 
the upper part (sandy dolomite facies of Seebi-Mb.). In the Klettgau area, dolocretes have formed in this upper part 
(dolomitic facies of Seebi-Mb.). The proposed definition of Seebi-Member demands a coarse grained sand layer of at least 
1 m thickness. Consequently, Seebi-Member is restricted to North-eastern Switzerland with the middle part of Gruhalde-
Member as its western equivalent (see above).

The Belchen-Member (formerly “Rhät-Sandstein”) consists of partly fossiliferous coarse grained sands and greenish dark 
marls of estuarian to shallow marine origin. The sandstones are characterized by the bright saccharoid weathering. Due to late 
Triassic and early Jurassic erosion, Belchen-Member is restricted to North-western Switzerland and Lake Constance area. 
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In areas where the Belchen-Member is missing, the top of Klettgau-Formation is clearly defined by a change from 
continental to marine sediments of Early Jurassic Staffelegg-Formation. In North-western Switzerland, where Belchen-
Member is overlain by sandy marine limestones of the Weissenstein-Member of Staffelegg-Formation, fixing the boundary 
is more sophisticated.

REFERENCES 
Etzold, A. & Schweitzer, V. 2005: Der Keuper in Baden-Württemberg. In: Deutsche Stratigraphische Kommission, 2005: 

Stratigraphie von Deutschland IV: Keuper. – Cour. Forsch.-Inst. Senckenberg, 253, 214 – 258.
Geyer, O.F. & Gwinner, M.P. 2011: Die Geologie von Baden-Württemberg, 627 p., Schweizerbart, Stuttgart.
Peters, Tj. 1964: Tonmineralogische Untersuchungen an einem Keuper-Lias-Profil im Schweizer Jura (Frick). Beiträge zur 

Geologie der Schweiz. Kleinere Mitteilungen, 32, 559 – 588.
Wildi, W. 1976: Die Molluskenfauna des Gansinger Dolomites (Trias, Karnian, Mittlerer Keuper). Eclogae geol. Helv. 69/3, 

671-684.
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5.5
Transposition of the new harmonised lithostratigraphic master legend 
into the digital datasets of the Geological Atlas of Switzerland – concept 
and consequences.
Alain Morard1, Pauline Baland1

1 Swiss Geological Survey (SGS), Federal Office of Topography swisstopo, Seftigenstrasse 264, CH-3084 Wabern  
  (alain.morard@swisstopo.ch)

With the completion of the HARMOS project (Strasky et al. 2013), a standardised master legend is now available for the 
Geological Atlas of Switzerland 1:25000 (GA25). However, this harmonised lithostratigraphic scheme still has to be 
transposed into the individual digital datasets, together with a number of descriptive attributes (Data Model Geology). 
Geometrical modifications (where cartographic mismatches occur) will only be undertaken at a later point, when  the 
dataset will be fully revised. The present contribution aims to explain how the new master legend will be implemented, 
before further revision work is undertaken. The most common configurations encountered will be discussed and illustrated, 
based on correlation tables established for the Jura domain between the old and new nomenclature.

When considering all mapped units in a GA25 dataset, four main recurring configurations can be recognised as concerns 
the more or less good concordance between the existing legend and the new lithostratigraphic scheme:

1) No geometrical change is necessary (only semantic modifications in certain circumstances, such as grouping smaller 
units together or updating the name).

2) Unit must be subdivided or a new formal group introduced. As an example, the Gorges de l’Orbe and Vallorbe 
Formations have not always been distinguished cartographically. Therefore, the boundary between the two units has to be 
newly traced where it is missing, or – if this proves to be impossible – a formal superordinate unit has to be introduced, so 
that each cartographic object gets a proper name and complete set of attributes (age, lithology, …).

3) The existing boundary between two units must be redrawn, because alternate views have been developped through time 
and/or by different authors (e.g. the Upper Virgula Marls have sometimes been mapped together with the Reuchenette 
Formation instead of the Twannbach Formation, so that the boundary is slightly shifted from one place to the other).

4) Finally more complex configurations occur, in which a whole series of units must be revised. This is the case for the 
former «Sequanian facies», where both vertical and lateral subdivisions have been subsequently introduced.

In conclusion, in the transitional phase between the transposition of the harmonised lithostratigraphic master legend and 
the geometrical revision of the digital datasets, it is important that the remaining cartographic discrepancies be clearly 
documented, so that the end-user knows what is the validity and revision status of the different elements of the map he 
looks at. Therefore a specific attribute will be integrated to highlitght in which cases the mapped objects are truly up-to-date 
and – if not – what kind of inconstistency still remains to be resolved. This attribute will also be of great help for the later 
revision process.

REFERENCES
Strasky S., Morard A., Burkhalter R. & Möri, A. 2013 Harmonising the Swiss Lithostratigraphic Nomenclature. In: Rocha et 

al.: STRATI 2013 – First International Congress on Stratigraphy, Springer Verlag, 603-607
Data Model Geology – Documentation and description in UML-Format and object browser. Swiss Geological Survey 2012. 

http://www.geologieportal.ch/internet/geologieportal/en/home/knowledge/lookup/datamodel.html 
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5.6
The Perte-du-Rhône Formation, a new formation name for lowermost 
Aptian to lowermost Cenomanian marls and glauconitic sandstones of 
the Jura Mountains (France and Switzerland)
Antoine Pictet 1, Michel Delamette 2, Bertrand Matrion 3, Pierre-Olivier Mojon 4, Karl B. Föllmi 1,Thierry Adatte 1, Jorge 
Spangenberg 1

1 Institut des Sciences de la Terre, Université de Lausanne, 1015 Lausanne, Switzerland, antoine.pictet@unil.ch
3 1 ter rue du Pont, 10450 Bréviandes (France) ; Biogéosciences, UMR 6282 CNRS, Université de Bourgogne, 6 boulevard 
  Gabriel, 21000 Dijon, France
4 Rue du Centre 81, CH–2405 La Chaux-du-Milieu, Switzerland

During the late Early Cretaceous, following the deposition of the northern Tethyan Urgonian carbonate platform, major 
palaeoceanographic, climatic, and tectonic changes occurred, which resulted in changes in the carbonate factory, and 
repetitive drowning and emersion phases. The marls and sandstones overlaying the Urgonian carbonates are reported here 
to the newly created Perte-du-Rhône Formation, which gathers the Aptian, Albian, and earliest Cenomanian sediments in 
the Jura Mountains. They are known from a relatively small number of outcrop areas throughout the Jura range of France 
and western Switzerland. 

The Perte-du-Rhône Formation is subdivided into two members, the marly Fulie Member at the base, and the sandy-
glauconitic Mussel Member at the top. They deposited on the roof of the former innermost Urgonian platform when situated 
in the inner Jura range (Guillaume 1966), and on the “Pierre jaune de Neuchâtel” when situated on the outer tabular Jura, 
and finally on Jurassic layers in direction of the Paris Basin (Guillaume 1966). The Perte-du-Rhône Formation itself shows 
a gradation in age of the onset of sedimentation from the lowermost Aptian to the early Albian from the inner chain to the 
Burgundy threshold (tabular Jura), which was very probably emerged during the late Hauterivian to the latest Aptian. The 
most complete sections occur along main transtensive faults, such as as the Vuache (Charollais et al. 2013) and Pontarlier 
(Aubert 1959) faults, linked to the rotation of the Iberian micro-plate.

Both numerous ammonite findings (Renz & Jung 1978) as well as sequence stratigraphic correlations suggest a lowermost 
Aptian age for the drowning of the Urgonian platform with the installation of the Fulie Member, which ends in the early P. 
melchioris Zone. The Mussel Member was deposited from the late P. melchioris Zone to the lowermost Cenomanian. Six 
major phases of sea level fall are recorded through the Perte-du-Rhône Formation associated to one or several markers as 
important erosional hiatuses, iron shields, phosphatic conglomerates and negative carbon-istotope excursions, in the D. 
oglanlensis, D. furcata, P. melchioris, D. nodosocostatum,  A. intermedius, and M. mantelli Zones.
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5.7
A lithostratigraphic scheme for Schinznach Formation (Upper 
Muschelkalk of northern Switzerland)

Johannes Pietsch1,2, Andreas Wetzel1 & Peter Jordan2

1 Geologisch-Paläontologisches Institut, Universität Basel, Bernoullistrasse 32, CH-4056 Basel  
  (johannes.pietsch@unibas.ch)
2 Gruner Böhringer AG, Mühlegasse 10, CH-4104 Oberwil

Many different lithostratigraphic units are currently in use for the Upper Muschelkalk and the former Lower Keuper of 
northern Switzerland. They are mainly based on lithological characteristics or fossil content, such as Trochitenkalk, 
Coenothyrisbank or Mergelhorizont, or they were adopted from German units, for instance Grenzdolomit. In the context of 
the HARMOS project of Swiss Geological Survey to harmonize the Swiss stratigraphic scheme, the Upper Muschelkalk was 
redefined as Schinznach Formation (decision of the Swiss Stratigraphic Committee, 22. November 2014). The Schinznach 
Formation also includes the former lower Keuper (“Lettenkeuper”).

A lithostratigraphic scheme for this formation considering valid “Guidelines for stratigraphic nomenclature” (Remane et al. 
2005) is now proposed.

On the Maps of the Geologischer Atlas der Schweiz 1: 25000 traditionally two units of the Upper Muschelkalk “Trigonodus-
Dolomit” and “Hauptmuschelkalk” are distinguished. Therefore a division of at least these two units or equivalent entities 
would be useful. A pragmatic approach is now proposed which is based mainly on the subdivision for northern Switzerland 
previously suggested by Merki (1961).

This scheme converts the frequently used main units into defined Members. In addition the rare and, therefore, important 
marker horizons and oolitic intervals are defined as beds. So the proposed subdivion of the Schinznach Formation contains 
four Members, two marker beds and three oolitic intervals, which are also defined as beds (Figure 1). The proposed 
boundaries are diachronous. This especially concerns the lower boundary of the Stamberg Member since this boundary is 
due to a diagenetic facies change.

Figure 1. Lithostratigraphic units of the Upper Muschelkalk presently used and proposed units of the Schinznach Formation withs beds 
(grey) and oolith beds (dark grey), thickness not to scale
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5.8
Consolidation of lithostratigraphic units for the Cenozoic in the northern 
Jura and southern Upper Rhine Graben (Switzerland)

Claudius Pirkenseer 1 & Gaëtan Rauber 1 

1 Paléontologie A16, Office de la culture, rue de la Chaumont 13, CH-2900 Porrentruy  
  (claudius.pirkenseer@jura.ch, gaetan.rauber@jura.ch)

During the last two decades the study of the Cenozoic deposits of the so-called “Jura-Molasse” re-intensified due to the 
construction of the highway A16, stimulating more complex interpretations of the palaeogeographic situation and lateral 
facies changes. Despite the detailed elaboration of summaries on the known lithostratigraphic units, no formal designation 
of formation names took place.

New stratigraphic data from the southern Upper Rhine Graben as well as the publication of a homogenized lithostratigraphy 
of the German Stratigraphic Commission need to be integrated to get a better overview of the larger stratigraphic context of 
the individual formations. The choice of type localities and names outside the immediate research area depends on 
information from the latter, since especially for the Oligocene the deposits of the Delémont, Ajoie and Laufen Basins 
represent condensed marginal extensions of formations closer to the depositional center of the southern Upper Rhine 
Graben. Since the evolution of tectonic events progressed in a comparatively similar fashion throughout the (southern) 
Upper Rhine Graben, supraregional lithostratigraphic units may be homogenized. An area with two different languages 
would greatly benefit from common formation names based on localities, and not as is the case up to now on 
predominantly descriptive terms that need to be translated (e.g., Marnes à Cyrènes, Cyrenenmergel, Cyrena Marls, 
Meeressand, Marnes à foraminifères).

Hence some supraregional stratigraphic names will be incorporated, new names proposed, historically well-established 
terms will be formalized, and some lithostratigraphic units will be consolidated (see table 1). Consequently the extreme 
diversity of local units at or below a possible member status named and defined differently for each Jura synclinal may be 
integrated in a formalized context.

As presented in the scheme some units will keep their historical name (e.g. Sidérolithique, Terre jaune), whereas others will 
be renamed (e.g. Steingang, conglomerates cotiers = Turckheim Fm), partly after well-described type localities in (e.g. 
Pulversheim Fm for Melettaschichten), and some will be combined and re-designated as members (e.g. Cyrenenmergel as 
member of the [new] Elsass Fm).

The new terminology is intended to be presented before the Swiss Stratigraphic Commission and to be summarized in a 
forthcoming publication.
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Table 1. Consolidated lithostratigraphic units of the northern Jura (Delémont, Ajoie and Laufen Basins, southern Upper Rhine Graben
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5.9
Sedimentological, climatic and environmental changes during the Early 
Jurassic (Hettangian-Pliensbachian) on the northern Tethyan margin 
(Switzerland)
Iris Schöllhorn1, Thierry Adatte2 & Karl Föllmi3  

1 Institut des Sciences de la Terre, University of Lausanne, Quartier UNIL-Mouline Bâtiment Géopolis, CH-1015 Lausanne  
  (iris.schoellhorn@unil.ch)
2 Institut des Sciences de la Terre, University of Lausanne, Quartier UNIL-Mouline Bâtiment Géopolis, CH-1015 Lausanne  
  (thierry.adatte@unil.ch)
3 Institut des Sciences de la Terre, University of Lausanne, Quartier UNIL-Mouline Bâtiment Géopolis, CH-1015 Lausanne  
  (karl.foellmi@unil.ch)

The Hettangian-Pliensbachian interval is marked by different phases of paleoenvironmental change, starting with the end-
Triassic mass extinction event (ETME), c. 201.4 Ma ago (Schoene et al., 2010), which was marked by terrestrial ecosystem 
turnover, up to 50% loss in marine biodiversity (Raup et Seprosky, 1982) and large turnovers in global geochemical cycles 
(Hesselbo et al., 2002) linked to the onset of Central Atlantic Magmatic Province (CAMP) volcanism (Deenen et al., 2010). 
This time interval ends with a phase of major climate change near the Pliensbachian-Toarcian boundary, which is followed 
by the Early Toarcian oceanic anoxic episode (e.g., Suan et al., 2010). In this study, we examine the sedimentological, 
geochemical and environmental responses to these and intervening events on the northern Tethyan margin (Swiss Jura). 
With this purpose, a wide array of geochemical analyses (carbon- and oxygen-isotope, Rock-Eval, phosphorus content, 
mineralogy, trace and major element content and clay analyses) and sedimentary observations has been performed on one 
sections and two boreholes (Frick, Riniken and Kreuzlingen) forming a north-south/distal-proximal transect.

We observed two depositional systems: (1) the Schambelen Member (lower Hettangian) and the Frick Mb. (middle Upper 
Sinemurian), which are characterised by organic-rich shales intercalated by tempestites becoming more pronounced with 
the proximity of the continent; and (2) The Beggingen Member (Upper Hettangian to Lower Sinemurian) and the 
Grünscholz, Breitenmatt and Rietheim Members (upper Upper Sinemurian to Pliensbachian) are composed of carbonates 
marked by the presence of hiati, condensed beds, phosphate- and fossil-rich strata, and erosional features, which testify to 
a very dynamic environment characterised by overall low sediment-accumulation rates. With the exception of the 
Grünscholz Mb, the ratio kaolinite/(mica+smectite) measured in the clay fraction is lower in the condensed phosphate-rich 
beds than in the shales. Thus, the episodes of sedimentary condensation occurred during either drier climate or/and higher 
sea level. The related sea-level change could be linked to tectonically induced submarine relief prevailing in this region and/
or global sea-level changes. 

The geochemical analyses reveal also important environmental changes. Indeed, several carbon cycle perturbations 
occurred during this time interval:

(a) Two negative carbon isotope excursions measured on the organic matter (CIEorg -2‰) are observed during the early 
Hettangian (Schambelen Mb.) accompanied by a change in organic matter (OM) composition, higher productivity (high 
hydroxen indices) and anoxia (high trace element, pyrite and organic matter contents and the presence of pyrite 
framboids; cf. also Schwab and Spangenberg, 2006). 

(b) A -1‰ CIEorg is recorded near the Early-Late Hettangian boundary accompanied by the widespread onset of 
bioclastic limestone accumulation (Germany, Alps, Southern Alps, Carpathians -Van de Schootbrugge et al., 2008).  
The δ13C decrease marks the stabilization of carbonate production and the decrease in export of excess carbon into 
organic reservoirs under reduced pCO2atm. (Van de Schootbrugge et al., 2008).

(c) The Early Sinemurian (Frick Mb.) is characterised by a +4‰ CIEorg in this sections. Nevertheless, the globality and 
causes of this CIE remain to be determined. 

(d) The Sinemurian-Pliensbachian boundary record a negative CIEorg (-3‰), followed by a positive CIE (+2‰) in the 
Early-Late Pliensbachian  and a negative CIEorg (-1.5‰) during the Late Pliensbachian. These CIEs are also 
recorded in several other localities in carbonates, belemnites, wood and organic matter, and likely document global 
events. These CIEs are linked to OM preservation and/or productivity changes and/or 13C-depleted carbon input(s). 
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P 5.1
Sequence stratigraphy of Sarvak formation in Kupal oil field, Iran
Froogh Abasaghi1, Javad Darvishi khatooni2

1 Ferdowsi university of Mashhad(Saghi0631@yahoo.com)
2 Geological survey of Iran

The purpose of this study is to interpret dipositional environments, sequence stratigraphy, and evaluate diagenetic procesis 
affected the Sarvak Formation in Kupal oil field. For this purpose, 351 thin sections from cores and cuttings from wells 
number 4, 20 and 48 have been studied. In addition, petrophysical logs, such as gamma, neutron, density, sonic, and 
charts of INPEFAGR were used. Environmental interpretation led to identification of 9 microfacies formed in the three facies 
belts including lagoons, shoal and open marine. Depositional environments are varying from inner ramp to outer ramp. In 
the area, Sarvak Formation formed in a homoclinal carbonate ramp without an effective barrier. Inner ramp environment 
was dominated by bentic foraminifers such as miliolids, nezzazata, textularia and alveolinids. In middle ramp, rudists and 
echinoderms were developed. In outer ramp, oligosteginids, planktonic foraminifers with transported materials from shallow 
parts were deposited. Analysis depositional of sequence stratigraphic led to identification of two sequences with sequence 
boundaries of Type 2. In the Kupal oil field, Sarvak Formation is overlain by Ilam Formation with erosional surface, therefore 
sequence bound between Sarvak and Ilam is SB1. The most important diagenetic processes identified include micritization, 
cementation, dissolution, replacement (dolomitizatio and hematitization), neomorphism, physical and chemical compaction 
and biological disturbant that are operated in three stage including eogenesis, mesogenesis and telogenesis stages.

Figure 1. Sequence Stratigraphy compliances Sarvak formation in study In wells studied
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P 5.2
A new tool applied to an old problem – correlation of Middle Triassic 
basin sediments using stable isotope stratigraphy

Lisa Bieri1, Peter Brack1, Stefano M. Bernasconi1

1 Department of Earth Sciences, ETH Zürich, Sonneggstrasse 5, 8092 Zürich (bieril@student.ethz.ch)

The precise correlation of Middle Triassic sediment successions throughout Europe represents a over 100 year old problem 
in stratigraphy. Although ammonoids, conodonts, palynomorphs and other fossil groups and their associations provide 
important age constraints, the discontinuous occurrences of age-diagnostic fossils so far impeded a straightforward 
correlation of the sometimes highly variable Triassic successions. For Anisian sediments in the Southern Alps such 
correlations largely rely on the tracing of depositional sequences (e.g., Gianolla et al., 1998). However, in the 
heterogeneous stratigraphic successions the identification of correlatable sequences remains a challenge with further 
complications arising from synsedimentary tectonic activity. Therefore the confirmation of proposed correlations and much 
desired refinements need independent evidence. High-resolution chemostratigraphy and its correlation to local 
biostratigraphy represents a rather new approach for the characterization of Middle Triassic (Anisian) sediment successions 
with potential to help solving open stratigraphic problems.

We present a new continuous high-resolution stable isotope record obtained from bulk rock analysis of samples from South 
Alpine sedimentary successions of Anisian age. The d13C data of five sections covering a time interval of the 
Bithyan / Pelsonian to the Illyrian substages are correlated to the lithostratigraphy and biostratigraphy of the hemipelagic 
deposits of the Dont Fm in the Eastern Dolomites (e.g., Bechstädt and Brandner, 1970) and to Anisian successions around 
Recoaro in the central/southern portion of the Southern Alps (De Zanche and Mietto, 1981). Whereas the d18O results show 
evidence of diagenetic alteration, the d13C data are considered to reflect a primary marine signal. A positive excursion of 
+2 ‰ (CIE A) in supposedly lower Pelsonian sediments in the Eastern Dolomites can possibly be traced to a similar 
excursion in the record from Recoaro. Stratigraphic intervals immediately beneath or straddling the Pelsonian-Illyrian 
boundary are characterized by a distinct pattern, comprising a decrease of carbon isotope values of ~1 ‰ (CIE D), followed 
by an increase of 1-2 ‰ at the top of the Dont Fm (CIE E) and in the Recoaro Lst. (Figure 1).

These significant changes can be compared with new carbon isotope records from elsewhere in the Southern Alps (eastern 
Lombardy; Rebetez et al., in prep.) as well as from non-Alpine Middle Triassic sediments in the Germanic basin (Steudnitz, 
Germany; Lippmann et al., 2005).

The d13C record emerging from the South Alpine (i.e. Western Tethyan) and Germanic successions point to perturbations of 
the global carbon cycle of up to 3 ‰ during the Middle Triassic, i.e. in a range of global carbon variations similar to those in 
the Late Jurassic or Early Cretaceous (Weissert and Erba, 2004).
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Figure 1. Middle Anisian C-isotope stratigraphy, correlated to bio- and lithostratigraphy. Light blue and purple bands mark significant 
changes in d13C-values (CIE A, D and E) at the different South Alpine locations (Recoaro and Eastern Dolomites: Dont, Monte Rite, 
Schadebach, Kühwiesenkopf).
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P 5.3
Stratigraphic framework and tectono-climatic implications of Upper 
Cretaceous to Neogene successions of the western Afghan-Tajik 
depression, Uzbekistan
Sébastien Castelltort1, Thierry Adatte2, Hassan Khozyem3, Nicolas Thibault4, Marie-Françoise Brunet5, Massimo Chiaradia1, 
Jorge Spangenberg6

1 Département des Sciences de la Terre, Université de Genève, Rue des Maraîchers 13, 1205 Genève, Switzerland
2 ISTE, Geopolis, Université de Lausanne, 1015 Lausanne, Switzerland
3 Geology Department, Faculty of Sciences, Aswan University, 81528-Aswan, Egypt
4 Institute for Geosciences and Natural Resource Management, University of Cophagen, Øster Voldgade 10,  
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The Tajik depression, in Afghanistan, Tajikistan and Uzbekistan is a sedimentary basin surrounded by the Tian Shan 
Mountains to the North, the Pamir Mountains to the East, and the Hindu-Kush to the South. It contains a thick record of 
Mesozoic to neogene sedimentary archives deposited in a critical epicontinental area at the transition between the western 
oceanic Tethys and para-Tethys domains and the eastern continental areas of Asia. 

The stratigraphic record at this location holds important keys for understanding the interactions between global and secular 
climate signals due to the progressive closure of the Tethysian domain and rise of alpine reliefs as well as their effect on 
lithospheric vertical movements. Recently, several sections have been described in the eastern (1,2) and in the northern 
part of the area (3). 

In this work, our aim is to describe the first order evolution of depositional environments and sequence stratigraphy of the 
successions of the western edge of this vast depression and to improve the stratigraphic framework constraining the timing 
of tectonic and climatic important events of the area. Preliminary results combining nannofossil biostratigraphy, strontium 
and carbon isotopes allow us to indentify a condensed interval around the Cenomanian-Turonian boundary and suggest a 
possible important hiatus in this period. 

High-resolution continuous carbon isotope record through upper-paleocene to lower-eocene Suzak shale provides the first 
identification of the Paleocene-Eocene CIE in the area. Finally, 87Sr/86Sr strontium ages suggest that marine deposition 
persisted until after 34.35 Ma, i.e. after the end of the upper Eocene, and suggest that continentalisation in the area may be 
related with the Eocene-Oligocene sea-level fall, in a strongly diachronous but consistent fashion when considered with 
respect to evidences of continentalisation at 39Ma in the Eastern Tajik basin 3 and at 41-37Ma (4) in the Tarim basin. 

Reconstruction of depositional environments indicates that the area behaved as a relatively stable shallow epicontinental 
platform continuously but very slowly subsiding and thus very sensitive to sea-level variations. As a result, the area was not 
prone to the development and preservation of thick black shale intervals during the cretaceous and PETM events.
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P 5.4
Continental-Marine correlations and climate signals in the Palaeogene 
foreland of the South Pyrenees

Louis Honegger1, Sébastien Castelltort1, Julian Clark2, Thierry Adatte3, Cai Puigdefàbregas4, Mason Dykstra2, Andrea 
Fildani2, Jorge Spangenberg4
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  (louis.honegger@etu.unige.ch, sebastien.castelltort@unige.ch)
2 Statoil, 6300 Bridge Point Parkway, Austin, TX, USA
3 Institut des Sciences de la Terre, Université de Lausanne, CH-1015 Lausanne
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5 IDYST, Geopolis, Université de Lausanne, 1015 Lausanne, Switzerland

Continental to marine correlations have always been a challenge regarding to sequence stratigraphy. The longstanding 
debate is about how surfaces and sedimentary packages translate from one environement to another and the various 
origins that have been put forward to explain them : eustastic sea level changes, sediment supply variations, subsidence 
pulses or tectonic variations. 

In the deep water system of the lower-middle Eocene Ainsa basin, in the southern Pyrenees (Spain), as well as in its fluvial 
counterparts in the Tremp-Graus basin, stratigraphic cyclicity in the form of repetitive packages of sand and shale 
alternations of intermediate timescales (10^4 to 10^6 years) has long been recognized and has typically been imputed to 
eustatic changes, with a modulation by active tectonics. Most of the studies have so far focused either on the deep water 
system or on their fluvial counterparts without a detailed effort at the correlation between both. 

Our objective is to evaluate the role of eustatic variations, that are well known to have taken place at these periods, in 
generating or modifying such cyclicities and to understand the link, at high resolution, between the continental and marine 
deposits. This is particularly important in order to understand how sea-level fluctuations are tided to depositional 
environments over multi-millennial times-scales and how the deep-sea sedimentary record can be used to reconstruct the 
Earth’s history of surface response to climate change. 

To address these issues, a mapping and multi-proxy approach was undertaken in the Tremp-Graus and Ainsa basins. We 
focus on the middle Eocene Castissent formation, a major fluvial excursion and its deep marine time-equivalent; the 
turbiditic sequence between the systems of Arro and Banastón. Through a study of carbon and oxygen stable isotopes, 
geochemistry of major and trace elements and strontium dating performed on four increa- singly distal cross-sections, we 
attempt to trace environmental signals across the whole source-to-sink system. These analyses coupled with thorough 
physical mapping on the field allow us to discuss hypotheses of climatic and eustatic controls of cyclicity.
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Numerous studies relate foreland-basin infill to allogenic forcing, but to date only a few have been able to clearly 
disentangle the relative roles of tectonics and climate on long-term deposition. Here we present preliminary observations on 
the continental sedimentology and stratigraphy of the Central Argentinian Foreland. The basin infill records local 
environmental changes from the late Oligocene to the Quaternary, during active Andean orogeny.

The Mariño Formation comprises a large part of the basin infill, dating from ~15.7 to 12.0 Ma and extending over almost 
1100 m in stratigraphy. The basal part is characterized by the intercalation of aeolian and fluvial deposits, followed vertically 
by the stacking of fluvial deposits with highly differentiated facies associations and architectures. This stratigraphic picture 
developed during the uplift of the Principal Cordillera suggests the interaction of different allogenic controls in the region.

This project aims to provide a detailed reconstruction of paleoenvironmental dynamics and to unravel the relative roles of 
climate and tectonics through a high-resolution, integrated compositional and sedimentological analysis of the Mariño 
Formation. The main objectives are: to detect geochemical signatures of allogenic controls; to track changes in sediment 
provenance and relative information on magmatism and exhumation in the uplifting Andes; and to recognize the effects of 
different allogenic drives on sedimentary processes and local environmental changes.

Our approach consists of high-resolution mineralogical and petrographical study using both conventional approach and 
automated QEMSCAN technology, heavy-minerals analysis, geochemistry, radiogenic isotope analysis, U-Pb and fission-
track dating of detrital zircons.

The exceptional lateral exposure and the possibility to develop stratigraphic correlations calibrated with quantitative 
analytical approaches will constrain the relative role of different allogenic processes and offer insights for understanding 
similar sedimentary complexes in the subsurface.

Exploration and extraction of energy resources is increasingly reliant in the detailed characterization of sedimentary 
reservoirs. Besides providing an extensive outcrop analogue for the characterization and prediction of subsurface 
reservoirs, this project represents an important, ground-based test of mineralogical and geochemical methods for reservoir 
correlation and evaluation.
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The Locki massif located in the southernmost part of Georgia administratively belongs to Bolnisi and Dmanisi regions and 
orographically presents the eastern part of the South Georgian highlands. The southern of Locki massif forms the axial part 
of Somkheti Ridge along the Georgian-Armenian boundary. The massif presents a large E-W oriented anticline structure 
composed of pre-Jurassic basement outcropping in its central part and surrounded by a Mesozoic-Cenozoic sedimentary 
cover.

Strata of conglomerates and quartz sandstones, known as Moshevani suite (Zesashvili, 1955) can be found in the lower 
part of the Lower Jurassic sediments almost everywhere on the Locki massif. This suite transgressively overlies pre-
Jurassic rocks and is conformably followed by overlying sediments. The age of quartz sandstones and conglomerate strata, 
located on Locki massif (Moshevani suite) has so far been given as Hettangian (lowermost Jurassic). 

The studied section of the Moshevani suite is located at the western periphery of Locki massif, at a distance of 1 km to the 
N-E of village Gora, in the gorge of the river Gorastskali.  

The samples from Gorastskali gorge section were investigated from a nannofloral viewpoint. To this date studies of the rock 
samples from this section have indicate the lacking of calcareous nannofossils. However, a new sampling and in depth 
investigation has documented  a complex association of calcareous nannofossils including Crucirhabdus minutus JAFAR, 
1983; C. primulus ROOD, HAY & BARNARD, 1973; Prinsiosphaera triassica JAFAR, 1983;  Tetralithus cassianus JAFAR, 
1983; T. pseudotrifidus JAFAR, 1983; Hayococcus floralis JAFAR, 1983; known from Norian-Rhaetian stage (Jafar, 1983; 
Bralower et al., 1991). Based on these new calcareous nannoplankton data, strata of conglomerates and quartz sandstones 
in the Gorastskali gorge section (Moshevan suite) have been shown to be of Late Triassic age (Koiava et al., 2013). The 
detailed bio-stratigraphic attribution places the age of conglomerates and quartz sandstones Norian-Rhaetian epoch.
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Plate 1. Upper Triassic calcareous nannofossils (All figures light micrographs magnified ×1 200). 1, 2 - Prinsiosphaera triasica JAFAR, 
1983; 3, 4 - Prinsiosphaera triasica JAFAR, 1983; 5, 6 - Prinsiosphaera triasica JAFAR, 1983; 7, 8 - Tetralithus pseudotrifidus JAFAR, 
1983; 9, 10 - Tetralithus pseudotrifidus JAFAR, 1983;11, 12 - Tetralithus cassianus JAFAR, 1983; 13, 14 - Hayococcus floralis JAFAR, 
1983; 15 - Hayococcus floralis JAFAR, 1983; 16 - Crucirhabdus mintus JAFAR, 1983; 17, 18 - Crucirhabdus primulus ROOD, HAY & 
BARNARD, 1973.
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Carbonate mounds of Djebel Kellal -Constantine Rock, constitute one of the mid-Cretaceous outcrops (Cenomanian-
Turonian) observed in the Constantine area. These geological deposits mainly neritic show rimmed shelf 
paleoenvironments. Cenomanian transgression, has recorded the installation of a reef building represented by bioclastic 
packstones, Rudists floastone and echinoderms grainstones. During Turonian,, a moderate regression induced 
implementation proximal facies, starting with benthic foraminifera wackstones and ostracods(very protected environment) 
grainstones with large benthic foraminifera and oncoids(center very close to reef flat) and ends  with  dolomitic mudstones 
and calcispheres wackstones (supratidal-intertidal facies).
 Burial neritic sediments and their uplift post diagenetic have generated textural and mineralogical changes, remarkable in 
the Cenomanian microfacies.
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Late Cretaceous to Oligocene sedimentary fill of the Southern Pyrenean foreland basin consist of clastic and carbonate 
sediments deposited in an active tectonic system of piggyback foreland basin, which provides a record of the uplift, thrust 
movements, weathering and erosion of the growing mountain range. The very good outcrop conditions, continuity and 
stratigraphic framework of these well dated deposits make them an ideal laboratory to study how, in this tectonically active 
environment, and during a period of changing climates (paleogene-neogene), sediment pathways and provenance can be 
reconstructed. Previous research has identified several sources of sediment, as for instance southern and northern 
carbonate platforms acting as sources for shallow water carbonate clasts brought in the basin and an eastern-southeastern 
fluvial input for siliciclastic sediments (Dreyer et al., 1999; Fontana et al., 1989; Mutti, 1983; Payros et al., 2009). So far, 
most studies have focused separately either on the sandstone provenance in the fluvial-alluvial environment of the Tremp-
Graus sub-basin, or on the deep-marine environment of the Ainsa sub-basin, without considering the whole source-to-sink 
relationship between these basins. There is therefore a lack of regional-scale sandstone provenance study that we offer to 
intend with a fast-forward method of petrographic evaluation of siliciclastic sediments.

In this study an analytical tool, QEMScan (Quantitative Evaluation of Materials by Scanning Electron Microscopy), is used 
as a new method for accurately quantifying petrography and provenance of the sediments and source rocks from the 
basement. The method uses polished thin sections. We double-check QEMSCAN results with classical optical microscopy 
and X-ray diffraction. It is our aim to provide insight into the sediment transport patterns and sediment source by observing 
several detrital signals such as mineralogical variability, heavy mineral ratios and clay minerals ratios and understand the 
source-to-sink relationship in this basin.
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Lower Red Formation (Oligocene) consists mainly of clastic facies. The coveranextensive eara in North-East of Naein. 
Litology its often consisted sandstone,congolomerate,and mudstone,that some times consist interbeded of evaporatic and 
cabonatic minerals. Lower Red Formation (Oligocene) in Anarak  region (South–East of Naein) consist of about 320 Meters 
of detrital and evaporatic facies.

This formation in Anarak area (North East Nain) is about 312 meter. that Consisting of clastic and evaporite facies. Lower 
Red Formation with unconformity bondry is  On deposits of Eocene–ligocene. but in some cases, that these deposits are 
removed  With an angular unconformity On older formations. are observed in this region. Quaternary sediments of the 
Lower Red Formation unconformably cover. The most important mineral deposits of lower red formation in Anarak is 
respectively, quartz, calcite, and albite. The petrographic studies, Units range than calcium carbonate rock fragments, 
feldspar and quartz formed. Major Diagenetic processes of Lower Red Formation in the study area  Include cementation, 
compaction and fracture. The results of mineralogical studies were sediments  Units formed from  calcium carbonate rock 
fragments, feldspar and quartz. Accurate field and  laboratory studies upon detrital  layer of  Lower Red Formation lead to 
break up four groups of facies, Facies group Braided rivers. It is involved deterital sediments of sandstone and 
congolomerate with sedimentary structures that shown BRAIDED RIVERES depositional invironmets. Facies group playa. 
Includes very fine mud deposits with chemical deposits that formed in PLAYA conditions.

Figure 1. Geological map of Anarak and position of study area(aghanabati, 2004)

REFERENCES  
Aghanabati S. 2004: Iran’s geology, mineral exploration Geological Survey of Iran Publishing, 586 pages


