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Abstract: The Ordovician is an important period in the Phanerozoic, with remarkable faunal turnovers, 

several major carbon isotope excursions, and shifting climate. The strata of this time period not only re-

veal these events but also provide useful information about the palaeoclimate and sea-level. The Boren-

shult-1 core form Östergötland, southern Sweden constitutes a complete succession of the upper Middle 

Ordovician through lowermost Silurian. This study describes the sedimentary rocks, fossil fauna and de-

positional environment of these strata. The observations of the study are based upon cut and polished 

core slabs and thin sections photograph. Sedimentary data and a generalized facies model are used to 

reconstruct the depositional environment and changing bathymetry. The ~71 m thick succession is com-

prised of eight formations. The bioclast composition reflects normal cool-water ecological assemblages 

with the exception of Favosites tabulate corals in the middle Freberga Formation, and ooids in the Loka 

Formation, indicating tropical climate. On the basis of the facies model of Harris et al. (2004), the strata 

represent 51% of mixed facies, 32% grain-supported facies and 12% mud-supported facies. Based on the 

sedimentary data, carbon isotopic values, stratigraphy and the faunal information, four major regressions 

and four transgressions of the sea-level are recorded.  
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1. Introduction 

The Ordovician Period (488-444 Ma) was charac-

terized by one of the most important faunal turn-

overs in the Phanerzoic (Sepkoski 1993; Sheehan 

& Harris 2004; Ainsaar et al. 2004; Hansen et al. 

2009). It has been estimated that about 86% of 

the species were eliminated during the main gla-

cial in the Hirnantian stage (Jablonski 1991; see 

also; Brenchley et al. 2003; Sheehan & Harris 

2004). The Great Ordovician Biodiversification 

Event (GOBE; Servais 2009), the Middle Darri-

wilian Isotope Carbon Excursion (MDICE) 

(Ainsaar et al. 2004; Meilda et al. 2004), the Up-

per Ordovician, Guttenberg Isotope Carbon Ex-

cursion (GICE), and the latest Upper Ordovician 

Hirnantian Isotope Carbon Excursion (HICE), 

and the associated glaciation and extinction event 

makes the whole Ordovician period unique and 

remarkable in the Phanerozoic Eon. The long ear-

liest Palaeozoic greenhouse period shifted into an 

icehouse period during the Ordovician (the Early 

Palaeozic Icehouse) and four glacial maxima, 

including the major 

Hirnantian glaciation, 

have been recognized in 

the Upper Ordovician 

(Page et al. 2007).  

        As shown by δ13C 

stratigraphy, the upper 

Middle through Upper 

Ordovician constitutes 

repeated changes in the 

global carbon cycle, inter-

preted as reflecting the 

unstable climatic condi-

tions (Kaljo et al. 2004; 

Bergström et al. 2007, 

2009a; Calner et al. 

2010a). The oldest carbon 

isotope excursion of this 

interval (GICE) was first 

identified by Hatch et al. 

(1987) and has later been 

identified in several pa-

laeocontinents (Ainsaar et 

al. 1999; Bergström et al. 

2009a, 2009c). Between 

the GICE and HICE there 

have been several isotopic excursions recorded 

globally, which have been described and dis-

cussed in the recent works by (Kaljo et al. 2004; 

Bergström et al. 2007; Bergström et al. 2009b, c; 

Calner et al. 2010a; Ainsaar et al. 2010). The four 

main excursions between HICE and GICE were 

documented by Bergström et al. (2009b) who re-

ferred to them as Kope, Fairview, Waynesville 

and Whitewater. Several studies suggest that each 

of these excursions are associated with distinct 

environmental and biotic changes (Brenchley et 

al. 1994; Underwood et al. 1997; Ainsaar et 

al.1999; Brenchley et al. 2003; Ainsaar et al. 

2004; Calner et al. 2010a). In a recent study of 

Baltoscandia, fluctuation of the carbon isotope 

data during the Katian-Hirnantian interval sug-

gests a climatic cyclicity of 2 Ma (Ainsaar et al. 

2010).         

 The stratigraphical classifications and the 

studies of the Ordovician-Silurian succession in 

Baltoscandia have been discussed for more than 

100 years (Törnquist 1875, 1913; Jönsson 1887; 

Wiman 1908; Troedsson 1918; Waern 1960; 

Thorslund 1960; Wikman et al. 1980, 1982) but 

the changes in facies and fauna during the Upper 

Ordovician of Baltoscandia were first explained 

by Jaanusson (1976). Several studies have been 

conducted particularly in Estonia to establish a 

Fig. 1. Palaeogeography of Baltoscandia showing the position 

of of the Borenshult-1 core in Motala (at the star). The Scanian 

Confacies Belt, Central Baltoscandian Confacies Belt and the 

North Estonian Confacies Belt delineate the palaeodepths of the 

basin. Modified from Nielsen (2004) and Stouge (2004).  



6 

global correlation of the stratigraphy, paleontol-

ogy and general facies of Baltoscandia (Kaljo & 

Nestor 1990; Raukas & Teedumäe 1997; Harris et 

al. 2004).  

 This study focuses on the upper Middle 

Ordovician through lowermost Silurian sedimen-

tary facies and facies changes in the Borenshult-1 

core from Motala in Östergötland (Fig. 1). Based 

on microfacies analysis it aims to depict sea-level 

changes and their relationship to the carbon iso-

tope stratigraphy of this time interval in Balto-

scandia. The goal of the study is to improve the 

knowledge about the relationship between sedi-

mentation in the Baltoscandian basin and Late 

Ordovician climate shifts (sensu Page et al. 

2007). 

 

2. Geological setting and strati-

graphical framework 

2.1 Ordovician palaeogeography and tec-

tonic evolution of the Baltoscandian basin 
In the Middle to Upper Ordovician, most of the 

land masses were situated in the southern hemi-

sphere (Fig. 2A). Within this time interval Baltica 

drifted northwards across the southern hemi-

sphere with a counter-clock wise rotation (Cocks 

& Torsvik 2002). During the late Ordovician, 

Avalonia came closer to Baltica, which resulted 

in a collision and the closure of the Tornquist Sea 

with the subduction of ocean floor (Torsvik et 

al.1996; Baarli et al. 2003; Fig 2B). In the late 

Ordovician to early Silurian, Baltica was situated 

in the subtropics of the southern hemisphere. The 

start of the Caledonian Orogeny and the resulting 

change in the paleogeography of Avalonia, 

Laurentia and Baltica formed new environmental 

and depositional settings in the Silurian.  

        The Upper Ordovician of Baltoscandia is 

mainly composed of limestone, and fine-grained 

clastic rocks depending upon the proximity to the 

active plate margins. Based on the composition of 

sediments, faunal content and inferred deposi-

tional depth, the Baltoscandian basin is divided 

into three broad facies belts, termed confacies 

belts and used for describing the general palaeo-

geography of the basin (Männil 1966; Jaanusson 

1976; Kaljo et al. 2007). The Scanian-Oslo Con-

facies Belt, the Central Baltoscandian Confacies 

Belt and the North Estonian Confacies Belt are 

the three main confacies belts of the basin (Fig. 

1). The open marine shelf environment of the 

Central Baltoscandian Confacies Belt constitutes 

mudstone and argillaceous limestone facies that 

extends from southern Estonia to eastern Sweden 

(Kaljo et al. 2007; Fig. 2). The deepening of the 

depostional environments along the Norwegian-

Swedish and German-Polish fronts, started with 

the Caledonian Orogeny in the Ordovician, led 

the formation of shale in the west and south; in 

Fig. 2. Palaeogeographic map showing the distribution of the continents and Baltica during Middle Ordovician to 

latest Silurian. A. Distribution of the palaeocontinents in the southern hemisphere during Middle Ordovician. B. 

Distribution of the palaeocontinents in the early Silurian and also showing the closure of the Tornquist sea. Modi-

fied from Cocks & Torsvik (2002). 



7 

the Scanian and Oslo confacies belts (Jaanusson 

1976, 1995; Calner et al. 2010b). The two fore-

land basins caused efficient sediment-traps and 

also accounted for the sediment-starved character 

of the slowly subsiding inner part of the basin 

(Calner et al. 2010b). 

 
2.2 Upper Ordovician stratigraphy of 

southern and central Sweden 

Southern Sweden has an almost complete succes-

sion of the Upper Ordovician as shown in Fig 3. 

The area surrounding the city of Motala has re-

ceived little attention in the past due to few ex-

posed Ordovician-Silurian boundary sections 

(Bergström & Bergström 1996). The studied 

Borenshult-1 core includes upper Middle through 

basal Silurian strata and eight stratigraphical units 

have been identified. These are, in ascending or-

der, the Furudal Limestone, Dalby Limestone, 

Freberga Formation (including the Skagen and 

Moldå topoformations), Slandrom Limestone, 

Fjäcka Shale, Jonstorp Formation (including the 

Öglunda bed), Loka Formation, and the Motala 

Formation (see also; Bergström 2007; Ebbestad et 

al. 2007; Calner & Lehnert 2008). These units are 

mainly composed of bedded limestone with sub-

ordinate shale. 

 The stratigraphic units of the Borenshult-1 

core are well-known from other areas in south 

and central Sweden. Several Ordovician-Silurian 

boundary sections are well exposed in Västergöt-

land (Bergström 1968; Stridsberg 1980; 

Bergström & Bergström 1996). In Östergötland, 

the Ordovician-Silurian boundary section is ex-

posed at Råssnäsudden in western Motala 

(Bergström & Bergström 1996) and the entire 

Upper Ordovician-lowermost Silurian succession 

is known from the nearby Smedsby Gård core 

(Jaanusson 1963). In central Sweden, the Amtjärn 

quarry in the Siljan District exposes parts of the 

upper Ordovician (Jaanusson 1982; Calner et al. 

2010a). For example, the exposed section of the 

Amtjärn quarry includes, from below, the Kulls-

berg Limestone, Skålberg Limestone, Slandrom 

Limestone, Fjäcka Shale and the lower portions 

of the Jonstorp Formation (Calner et al. 2010a). 

 

3. Material and methods 

This study is mainly based on the succession in 

the Borenshult-1 core, which was drilled in Mo-

tala (Östergötland province) in July 2007. Unpub-

lished carbon isotope data of O. Lehnert and M. 

Calner has also been used in this study. 

Dunham’s classification (1962), as revised by 

Embry & Klovan (1971), is used to classify the 

Fig. 3. Stratigraphic framework of the upper Darriwilian through the early Silurian of Sweden and the East Baltic 

area. See Bergström (2007) for a recent discussion on the conodont biostratigraphy of this interval and Ebbestad et 

al. (2007) for full reference to the non-conodont zonation. Modified from Ebbestead et al. (2007). The unconform-

ity (grey shaded) is coeval with the sequence boundary at the top of the Skagen Limestone in Borenshult-1 core and 

the base of the Mossen Formation in the Livonian Basin as reported by Ainsaar et al. (2004; see Calner et al. 

2010a).  
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microfacies of the different units and subunits of 

the core section. These were investigated by means 

of several tens of cut and polished slabs under a 

binocular light microscope. Also 175 thin section 

photographs were studied, sample levels are shown 

in the Appendix. 1. The terminology for the car-

bonate petrography was obtained from Flügel 

(2004). In the previous sampling of the core a mi-

cro-drill was used to collect the carbon isotope 

samples, later analysed by using a ThermoFinnigan 

252 mass spectrometer in Kiel III, at the Geocenter 

of Northern Bavaria in Erlangen, Germany. The 

Values of δ13C are reported in per mil relative to V-

PDB (Vienna Peedee belemnite). Laboratory stan-

dards and replicate analysis of NBS 19 were used 

to check the accuracy and precision of the carbon 

isotope measurements. The one sigma error is un-

der the limit of ± 0.005‰. The Borenshult-1 core is 

stored at the Department of Earth and Ecosystem 

Sciences, Lund University. Thin sections are kept 

in the collection of O. Lehnert at the GeoZentrum 

Nordbayern in Erlangen, Germany. 

 

4. Results and core description 

The Borenshult-1 core was recovered in july 2007, 

from Syréngatan, Borenshult, Motala. It is one of 

few complete Ordovician-Silurian sections in 

Östergötland. The lithology of the whole core is 

limestone that varies in the clay content. It has 

three to four bentonites. The upper part of the core 

has more calcimudstone to wackestone texture 

while the lower has packstone to wackestone tex-

ture. The core has eight formations, which were 

subdivided into 28 subunits (see Table 1) based on 

their textural properties. These are detailed below: 

 

4.1. Furudal Limestone ( 14.82 m )  

 

4.1.1. Subunit 1: Furudal Limestone: -71.33 to -

56.51 (14.82 m) 

The Furudal Limestone is composed of nodular 

bedded limestone, with a wacke to packstone tex-

ture, which is intercalated with marl. It includes 

frequent irregular, and sometimes bored, limestone 

clasts ranging in size from a few millimeters to 1.5 

cm (Fig. 4A). The main skeletal fragments are cri-

noids, trilobites, brachiopods ostracodes and bryo-

zoans. This facies also has a Planolites-like biotur-

bation. 
 

4.2. Dalby Limestone ( 1 8.16 m )  

The Dalby Limestone has a grainstone to packstone 

texture, and it is divided into two subunits on the 

basis of texture and other observations. Dalby also 

has three or possibly four bentonites. 

 

4.2.1. Subunit 2: Lower Dalby Limestone with 

cystoids: -56.51 to -42 ( 14.51 m )  

This subunit has a dominating texture of grainstone 

with few intercalations of calcimudstone and wack-

estone (Fig. 4B). Skeletal fragments of crinoids, 

trilobites, brachiopods, ostracodes, echonoid 

spines, bryozoans, gastropods, and bivalves are 

present. This subunit also has Echinosphaerites 

aurantium, commonly called cystoids. The cystoids 

vary in their sizes, the biggest cystoid is at the 

depth of -46.6 m with a size of about 5-6 cm in di-

ameter. The first cystoid appears at the depth of -

54.1 m and the last is at the depth of -42.7 m. Cys-

toids which are filled with two generations of sedi-

ments of fine and coarse grains are also found 

above the depth of -47.3 m. Hardgrounds that have 

clearly mineralized boundaries are frequent. It has 

Planolites-like bioturbation. This subunit also 

yields s bentonite at the depth of -55.655 m with an 

undulating thickness of 1 to 1.5 cm.  

 

4.2.2. Subunit 3: Upper Dalby Limestone: -42 

to -38.350 ( 3.65 m )  

This subunit has a texture of packstone to grain-

stone, while packstone is the dominant texture, with 

skeletal fragments of crinoids, trilobites, brachio-

pods, ostracodes, gastropods and bivalves (Fig. 

4C). This subunit is based on facies very similar to 

the overlying Skagen Limestone. Cystoids are ab-

sent. Hardgrounds and bioturbation is also present 

in this lower Dalby subunit. It yields two or possi-

bly three bentonites, the lowermost one is uncertain 

because of very few grains of mica. This interval 

has a undulating thickness of 1 to 2 cm, and starts 

at the depth of -41.32 m, the second and the thick-

est bentonite has a thickness of 19 cm and starts 

from the depth of -39.14 m goes up to -38.95 m, 

and the third and final bentonite is around 1.5 cm 

thick and lies just below the top of the unit, at the 

depth of -38.365 to -38.350 m.  

 

4.3. Subunit 4: Kinnekulle K-bentonite:  

-38.350 to -36.75 ( 1.55 m )  

This unit has a thickness of a 1.55 m. It is a vol-

canic ash with mica. 
 

4.4. Freberga Formation ( 16.85 m )  
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The Freberga Formation is mainly composed of 

wackestone to grainstone, where wackestone is the 

dominant texture within the formation. Skeletal 

fragments of crinoids, trilobites, brachiopods are 

common but few colonies of bryozoans were also 

identified in the thin sections. The Freberga Forma-

tion has been divided into nine subunits on the ba-

sis of texture, skeletal fragments and bioturbation. 

The Freberga Formation constitutes the Skagen 

Limestone and Moldå Limestone which are topo-

formations. The most striking macrofossils are cor-

als that are found just above the GICE in this for-

mation. 

 

4.4.1. Subunit 5: -36.75 to -29.37 ( 7.38 m )  

This subunit is composed of nodular bedded lime-

stone with reworked bioclasts. The texture is 

wackestone to packstone (Fig. 4D). It has crinoids, 

trilobites, brachiopods and echinoids fragments. 

Hardgrounds are also present within this subunit. 

Fig. 4. Photographical plate showing thin sections of different formations of the Borenshult-1 core, the width of 

photographs are 4 cm. A. Furudal Limestone showing a texture of wackestone to packstone and also showing ir-

regular limestone clasts (1). B. Lower Dalby subunit, showing the grainstone texture. C. Upper Dalby subunit, 

showing a texture of packstone to grainstone. D. Freberga Formation, subunit 1 showing a texture of wackestone to 

packstone. E. Freberga Formation, subunit 2 showing a texture of packstone, and also showing bryozoans colonies 
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It has moderate bioturbation. At the depth of -

34.35 m, thin section shows the presence of ostra-

codes. The facies also includes thin clay seams. 

 

4.4.2. Subunit 6: -29.37 to -26.90 ( 2.47 m )  

This subunit yields  calcimudstone to packstone 

with intercalations of reworked limestone intra-

clasts. The main skeletal fragments are crinoids, 

trilobites and brachiopods. This subunit has the 

Skagen and Moldå boundary somewhere at the 

depth of -29.3 m depth. Striking macrofossils of 

the tabulate coral of Favosites is found at the 

depth of -27.73 m. A thin section from -27.3 m 

depth includes a colony of bryozoans (Fig. 4E). 

This subunit has sparse bioturbation.  

 

4.4.3. Subunit 7: -26.90 to -24.55 ( 2.35 m )  

This subunit consists of wackestone to packstone 

with two bentonites. The first bentonite has a 

thickness of 1.5 to 2 cm, at a depth of -24.235 m. 

The second bentonite has a thickness of 1 to 1.5 

cm and marks the top of this subunit at -24.549 

m. Coarse-grained mica is apparent in this latter 

bentonite. The main skeletal fragments are 

brachiopods and crinoids. This subunit has fos-

sils of brachiopods and bryozoans with Plano-

lites-like bioturbation with fills of clay. The 

limestone show some pyrite grains and is inter-

bedded with thick and thin greenish clay seams. 

 

4.4.4. Subunit 8: -24.55 to -22.27 ( 2.28 m )  

This subunit is composed of bedded limestone 

with limestone clasts. The texture is a wack-

estone to packstone where the packstone is ap-

proaching rudstone/floatsone. The uppermost 

0.1 m resembles the facies of the overlying 

Slandorm Formation. A possible coral along 

with crinoids, trilobites and brachiopods are the 

skeletal fragment present in this mixed facies 

subunit. Grains are abraded. Trypanites trace 

fossils occur at a few levels. The interbedded 

clay seams is a mixture of thick and thin veins 

filled with dark green argillaceous material. It 

has altered pyrite of dark orange colour and un-

altered pyrite grains. 

 

4.4.5. Subunit 9: -22.27 to -21.88 ( 0.39 m )  

This subunit is composed of nodular bedded 

limestone and yields the texture of wackestone to 

grainstone, at some intervals a coarse grained 

texture of the grainstone approaches a rudstone/

floatstone texture.  Skeletal fragments of cri-

noids, trilobites, and brachiopods are present. It 

also has a few clay seams of dark green colour.  

 

4.4.6. Subunit 10: -21.88 to -21.38 ( 0.50 m )  

This subunit has a bedded limestone lithology 

with a texture of wackestone to crinoidal pack-

stone, in which the wackestone texture is ex-

tremely fine-grained and resembles the Slandrom 

Formation. This subunit also has some glauco-

nite. Skeletal fragments are mainly from crinoids 

and trilobites. Throughout this subunit thin clay 

seams occur at regular intervals, which is not the 

case in the preceding units. These are light to 

dark green in colour. 

 

4.4.7. Subunit 11: -21.38 to -20.80 ( 0.58 m )  

This subunit is composed of nodular bedded 

limestone with a texture of wackestone to grain-

stone, and also grainstone that approaches rud-

stone/floatstone. The main skeletal fragments 

are crinoids and trilobites.  Thick and light to 

dark greenish clay seams are present in the mud-

wackestone texture whereas grainstone facies 

only has thin bands of light green clay seams. 

 

4.4.8. Subunit 12: -20.80 to -20.20 ( 0.6 m )  

The lithology of this subunit is composed of 

bedded limestone with a texture of wackestone. 

Skeletal fragments of crinoids, trilobites, 

brachiopods and bryozoans are present in it. 

This subunit also has clay seams. In the upper 

part these are light green in colour while in the 

lower part they have has dark green colour. 

The subunit also has some pyrite.  

 

4.4.9. Subunit 13: -20.20 to -19.90 ( 0.3 m )  

This subunit is composed of limestone and in-

cludes reworked intraclasts. The texture of the 

subunit is wackestone to packstone. Crinoids, 

trilobites and brachiopods fragments are the 

main skeletal fragments. It has pyrite patches. It 

also has thick and thin clay seams, thin in the 

upper part and thick in the lower part. 
 

4.5. Slandrom Formation (1.12 m )  

4.5.1. Subunit 14: Slandrom Formation –

19.90 to -18.78 ( 1.12 m)  

This subunit consists of fine-grained limestone  
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Fig. 5. Photographical plate showing thin sections of the Slandrom Formation, Fjäcka Shale, and the Jonstorp For-

mation with the Öglunda bed. The width of the photographs are 4 cm. A. Slandrom Formation, showing a texture of 

calcimudstone to packstone, it also shows 1calcite filled cracks 2 dissolved clasts. B. Slandrom Formation, showing 

the general lithology of the very fine grained limestone, 1 preserved conduits. C. Fjäcka Shale, lower dark grey 

subunit. D. Lower green Jonstorp subunit showing a texture of wackestone to packstone. E. Jonstorp green subunit 

with the Öglunda bed, showing a texture of wackestone to packstone, with frequent crinoids stem parts (1). F. Up-

per red Jonstorp subunit, showing a texture of wackestone. 
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with a texture of beige to brownish colour apha-

nitic mudstone to packstone (Fig. 5A, 5B). The 

main skeletal fragments are crinoids. It also con-

stitutes frequent angular to rounded clasts with 

irregular bands. Pyrite patches and calcite filled 

cracks are common.  

 

4.6. Fjäcka Shale Formation (1.14 m )  

The Fjäcka Shale is a dark grey to black shale that 

contains the fossils of trilobites and brachiopods. 

It is subdivided into two subunits with thick-

nesses of 0.17 m and 0.97 m respectively. 

 

4.6.1. Subunit 15: Fjäcka-dark grey mud-

stone -18.78 to -17.81 ( 0.97 m )  

This subunit is composed of dark grey to almost 

black mudstone. The main skeletal fragments are 

brachiopods and trilobites. It also include a disar-

ticulated specimen of Tretaspis sp. mainly frag-

ments of the cephala. At the depth of -17.78 m, 

there is a 3 cm thick Chondrites band (Fig. 5C). 

 

4.6.2. Subunit 16: Fjäcka- grey mudstone -

17.81 to -17.64 ( 0.17 m)  

This subunit is composed of a limestone with a 

texture of mudstone. The main skeletal frag-

ments are trilobites and brachiopods. It also has 

patches of pyrite. 

 

4.7 Jonstorp Formation ( 7.68 m )  

The microfacies texture of the Jonstorp Formation 

varies from calcimudstone to grainstone but it 

mainly consists of calcimudstone. Skeletal frag-

ments are mostly crinoids and trilobites. Within 

the Jonstorp Formation there are zones of two col-

ours: a greenish grey and light pink to brownish. It 

is subdivided into six subunits and the thicknesses 

are 0.29 m, 3.72 m, 0.46 m, 0.32 m, 2.4 m and 

0.49 m respectively from the bottom of the forma-

tion. 

 

4.7.1. Subunit 17: Pyrite-rich Jonstorp -17.64 

to -17.15 ( 0.49 m )   

This subunit yields limestone with a texture of 

greenish calcimudstone to wackestone. The lithol-

ogy is a nodular bedded limestone with reworked 

intraclasts. Skeletal fragments are brachiopods, 

crinoids and trilobites. It has grains of pyrite. 

 

4.7.2. Subunit 18: Lower Green Jonstorp -

17.15 to -14.75 ( 2.4 m)  

This subunit is composed of a nodular bedded 

limestone with a texture of greenish wackestone to 

packstone (Fig. 5D). Skeletal fragments are 

mainly crinoids with some trilobite fragments. 

Between the depths of -15.27 m to -15.12 m, it 

lacks limestone nodules and has more skeletal 

fragments of trilobites. At the depth of -17.15 m 

till -15.3 m, the facies is homogeneous. At the 

depth of 15.8 m, thin section reveals the fragments 

of brachiopods and smaller aragonitic gastropod 

shells. 

 

4.7.3. Subunit 19: Thin Red Jonstorp -14.75 

to -14.43 ( 0.32 m )  

This thin red oxidized subunit is quite homogene-

ous and has a wackestone to packstone texture. 

Skeletal fragment are mostly crinoids, trilobites 

and gastropods. 

 

4.7.4. Subunit 20: Green Jonstorp with 

Öglunda: -14.43 to -13.97 ( 0.46 m )  

This subunit can be further divided into three 

subfacies. From the depth of -14.43 m, a 0.23 m 

thick subfacies, with a texture of packstone with 

limestone nodules and pyrite grains occurs. At 

the depth of -14.45 m, fragments of brachiopods, 

trilobites, crinoids and gastropods are found in 

the thin section. Above this subfacies, at the 

depth of 14.25 m, there is a mixed subfacies 

called Öglunda bed with a thickness of 0.12 m. 

This subfacies has a texture of beige coloured, 

very fine-grained calcareous mudstone to wack-

estone with some pyrite. A matrix of packstone 

is interfiguring within the calcareous calcimud-

stone of the Öglunda bed. Throughout the 

Öglunda bed, both the mudstone and packstone 

facies have crinoids and trilobite fragments. The 

last subfacies is 0.11 m thick till the end of the 

subunit. It has a texture of wackestone to pack-

stone and nodular bedding. This subfacies is 

light greenish in colour. Skeletal fragments are 

crinoids and trilobites (Fig. 5E). 

 

4.7.5. Subunit 21: Upper Red Jonstorp -

13.97 to -10.25 ( 3.72 m)  

This subunit is composed of reddish nodular bed-

ded limestone and has a wackestone texture. The 

main skeletal fragments are crinoids and trilobites 
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(Fig. 5F). Skeletal fragments of crinoidal stems, 

brachiopods and gastropods are found in the thin 

section. From the bottom till the depth of -11.47 

m, the facies is homogeneous. The changes of 

colour and skeletal fragments with nodules above 

the depth of -11.47 m are prominent. Slightly 

sharp red and the frequency of the trilobite’s frag-

ments are higher than the crinoidal fragments as 

compared to the interval of -13.97 till -11.47 m.  

 

4.7.6. Subunit 22: -10.25 to -9.96 ( 0.29 m )  

The texture of this subunit is calcimudstone to 

grainstone. The main skeletal fragments are cri-

noids and trilobites but in thin section fragments 

of gastropods and brachiopods are also present. It 

also constitutes the boundary between the Jon-

storp and overlying Loka formations (Fig. 6A). 

At the depth of -9.975m, there is a 1.5cm thick 

Fig. 6. Photographical plate showing thin sections of the Jonstorp Formation, Loka Formation and Motala Forma-

tion. The width of the photographs are 4 cm. A. Upper Jonstorp subunit, showing a texture of calcimudstone to 

grainstone. Dashed line demarcates the boundary between Jonstorp Formation and Loka Formation. B. Loka For-

mation, subunit1 showing a texture of grainstone. C. Motala Formation, subunit 3 showing a texture of calcimud-



 

14 

interval of grainstone. The boundary of the Loka 

and Jonstorp formations is at a depth of 9.975 m 

and is associated with a clear facies shift. Above 

the boundary there is grainstone and below the 

boundary wackestone to packstone. The boundary 

is slightly undulating and yields truncated cri-

noids grains, suggesting erosion of at least semi-

lithified sediment.  The facies above the boundary 

shows the pattern of thick and thin lamination. 

Skeletal fragments are mainly crinoids and trilo-

bite and most of them are oxidized and light red-

dish in colours. At the depth of -10.25 m the 

lithology is again of mudstone with limestone 

nodules and it continues till the depth of -10.5 m. 

 

4.8. Loka Formation ( 3.48 m )  

The Loka Formation is 3.48 m thick and consists of 

grainstone and calcimudstone. Based on stable iso-

tope stratigraphy and facies, the upper boundary of 

the Loka Formation coincides with the Ordovician-

Silurian boundary. The unit yields skeletal frag-

ments of trilobites and crinoids. It is subdivided 

into three subunits with thicknesses of 0.62m, 0.9m 

and 1.96m respectively from the bottom of the for-

mation. 

 

4.8.1. Subunit 23: -9.96 to -8.0 ( 1.96 m )  

This subunit is a sandy grainstone, light grey col-

oured and laminated (Fig. 6B). The upper boundary 

is marked by a rapid transition to mudstone. Lime-

stone with abundant and rounded mudstone intra-

clasts of medium to coarse grain size is present.  

The carbonate fractions consist of current trans-

ported crinoidal grains and radial to concentric 

ooids. Lamination is irregular due to small-scale 

variation in grain size. The lower boundary is dis-

tinct and slightly undulating. The boundary appears 

to be sharp but loss of a small bit of core make this 

observation uncertain. 

 

4.8.2. Subunit 24: -8.0 to -7.1 ( 0.9 m )  

This is a quite homogeneous subunit. It is a light 

grayish colour with a texture of mudstone. It has 

very few skeletal fragments of trilobites and shows 

the evidence of bioturbation. 

 

4.8.3. Subunit 25: -7.1 to -6.48 ( 0.62 m )  

In the upper argillaceous interval, skeletal frag-

ments of crinoids and trilobites are present. It is a 

silty mudstone till 6.88 m. As indicated by isotopic 

data, the upper boundary of the Loka Formation 

correlates with the Ordovician-Silurian boundary. 

This subunit is composed of marl and mudstone. It 

also has skeletal fragments of crinoids and trilobites 

with a clear signature of bioturbation. A 7 cm thick 

interval with sharp mineralized boundary demar-

cates the Ordovician Silurian boundary. This 7 cm 

thick interval has two colours bands light greenish 

bands with more of the skeletal fragments and the 

light grayish with very few skeletal fragments. At 

the depth of 6.88 m the interval is mudstone with 

nodular texture, skeletal fragments of crinoids and 

trilobites are rare, this homogeneous interval con-

tinues till the depth of 6.63 m. 

 

4.9. Motala Formation ( 6 .48 m )  

The Motala Formation is 6.48m thick and is com-

posed of calcimudstone to wackestone with a nodu-

lar bedding of limestone. It has three subunits with 

thicknesses of 2.4m, 2.46m and 1.62m respectively 

from the top of the Formation. 

 

4.9.1. Subunit 26: -6.48 to -4.86 ( 1.62 m )  

This subunit is composed of massive calcareous 

mudstone. From 5.1 to 4.86 m depth there is suc-

cession of red bands within the otherwise greenish 

fine clay. The red band has little grains on the other 

hand greenish band has matrix with no skeletal 

grain. 

 

4.9.2. Subunit 27: -4.86 to -2.4 ( 2.46 m )  

This subunit is composed of bedded limestone with 

a calcimudstone to wackestone texture. It is dark 

reddish in colour with dark and light red colour 

bands. Trilobite and crinoid fragments are domi-

nant in the lighter bands of wackestone while the 

dark reddish is more toward mudstone with few 

skeletal fragments of crinoids. Thin section analysis 

reveals few skeletal fragments of brachiopods. This 

unit ends with a texture of calcimudstone, dark red 

in colour. At the depth of 2.5 m, a 7cm thick inter-

val with trilobite and crinoids skeletal fragments 

occur. At the depth of 3.625 m till 3.57 m there is 

dark reddish matrix with no grains. 

 

4.9.3. Subunit 28: -2.4 to 0 ( 2.4 m )  

This subunit has a lithology of nodular bedded 

limestone with texture of dark grey coloured cal-

cimudstone to wackestone (Fig. 6C). Motala For-

mation ends with calcimudstone. Skeletal frag-

ments throughout the 2.4 m unit are mainly cri-

noids. At the depth of 1.5 m, a 5 cm thick interval 

of wackestone, where the skeletal fragments is 

most abundant within the 2.4 m unit of Motala for-
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mation, occurs. This 5 cm thick interval has light 

yellowish and greenish zone, light yellowish zone 

has most of the skeletal fragments of trilobites, cri-

noids and some unknown skeletal fragments while 

greenish zone has less fragments. From the depth of 

1.8 m, core is rubbly till the depth of -1.65 m.  

 

4.10. Depositional environment and rela-

tive sea-level  
The studied core is from the Central Baltoscandian 

Confacies Belt, which represents an intermediate 

shelf setting (Jaanusson 1976). The lithofacies that 

occurs in the core is dominated by limestone with 

an abundance of different microfacies. The com-

mon textural variations associated with this type 

of intermediate setting is present in the core; 

mainly wackestone, but also calcimudstone, pack-

stone, grainstone and rudstone/floatstone are pre-

sent. Most of the subunits have two or more mi-

crofacies mixed with each other but boundaries 

between these can usually not be clearly demar-

cated. Depositional environment can easily be 

described, however, by applying the microfacies 

variations to the model proposed by Harris et al. 

(2004) for the East Baltic part of the basin. They 

grouped the microfacies into four generalized as-

sociations, including grain-supported facies, 

mixed facies, mud-supported facies and shale fa-

cies. These facies were interpreted in terms of de-

positional depth and relationship to the fair-

weather wave base /FWWB) and storm wave-base 

(SWB). This is a simple way to present also the 

depositional environment graphically as shown in 

Figure 7. All the four facies associations occur 

also in the Borenhult-1 core.  

 

4.10.1. Grain-supported facies 

The grain-supported facies association consists of 

packstone and grainstone textures. Three subunits 

of the core have completely grain-supported facies 

and represent around 32.6 % of the core section 

(Table 1). The biota present in this facies is quite 

diverse as it derives from a high energy and shal-

low water environment. The association also in-

cludes radial to concentric ooids in the lower, 

laminated subunit of the Loka Formation. The 

packstone texture is mixed with other textures and 

is quite common throughout the entire core. 

 

4.10.2. Mixed facies 

Wackestone and packstone are the textures that 

constitute the bulk of the mixed facies association 

(Harris et al. 2004). Nodular bedding and interca-

lation of intraclasts is quite frequent in this facies. 

The fauna present is the typical marine biota of 

the Ordovician period and also Favosites tabulate 

corals are found in this mixed facies. The wack-

estone-textured microfacies has higher clay con-

tents and burrows than the packstone-textured mi-

crofacies. This facies association is typical for the 

sea-floors between the FWWB and SWB, where 

there is an abrupt change of the slope gradient in 

the generalised facies model. This facies accounts 

for approximately 51.3% of the core section, the 

highest proportion among all the facies.   

 

4.10.3. Mud-supported facies 

The most common texture within the mud-

supported facies is calcimudstone while some of 

the wackestone texture is also part of this facies. 

In the generalized facies model, this facies repre-

sents a depositional environment below the storm 

wave-base that starts with the constant variation in 

the slope of the basin and ends with the abrupt 

change in the slope taking off into the deeper en-

vironment of the basin. The biota present in this 

facies is very much similar to the mixed facies and 

occurs predominantly in the upper Loka and Mo-

tala formations and are of Hirnantian age. In some 

portions of the mudstone-textured microfacies silt 

is more frequent than the clay, and is silty mud-

stone with very little carbonate. This facies ac-

counts for 11.8% of the core section. 

 

4.10.4. Shale facies 

This facies is only represented by the black to dark 

grey Fjäcka Shale. It accounts for 1.58% of the 

core section and represents the smallest portion of 

the core. The facies also has Chondrites-like bio-

turbated bands. The facies has a sparse fauna con-

sisting of brachiopods and trilobites. In the gener-

alized facies model this facies forms in the deep-

est part of the basin.  

 

4.11. Main facies shifts 

As noted above, there are 28 subunits with different 

microfacies recognized in the core section. The 

temporal variation of microfacies helps to subdi-

vide the core section into a number of facies shifts 

that either reflects deepening or shallowing of the 

depositional environment. All these shifts are 

based upon the information concluded from visual 

observations. The intra-subunit shifts do not re-

flect significant sea-level change whereas shifts 

from one association to another are interpreted as 
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either clear transgressions or regressions 

(Appendix. 1). Sedimentary data (Table 1) sug-

gests that ten such shifts occurred in the Boren-

shult-1 core. 

  The first main facies shift is at the top of 

the Furudal Formation. The whole Furudal For-

mation is a single subunit due to the little varia-

tion in the texture and belongs to the mixed fa-

cies association. With the first major shift in the 

texture, the Dalby Formation starts with a grain-

stone texture and the whole Dalby Formation 

belongs to the grain-supported facies association 

as shown in Appendix. 1. A clear variation in 

the texture of Dalby Formation, however, makes 

it reasonable to subdivide into a lower and upper 

subunit. The 1.55 m thick Kinnekulle K-

bentonite marks the boundary to the overlying 

Freberga Formation. The Freberga Formation 

shows four shifts in the generalised facies asso-

ciations, and the Formation is subdivided into 

nine subunits. The lowermost three subunits (5, 

6 and 7) of the Freberga belong to the mixed 

facies association, in which the texture is quite 

homogeneous except for some variation in sub-

unit 6 that has calcimudstone to wackestone tex-

ture. The Skagen and Moldå boundary and fos-

sils of Favosites provides the basis for textural 

subdivision in the Freberga Formation (Table 1). 

The subunits (8 and 9) belong to the grain-

supported facies association. These two subunits 

are quite similar in the texture but Trypanites 

bioturbation, possible coral fossils, and abraded 

grains in subunit 8 constitute the difference be-

tween these two subunits. The second shift is 

expressed as a shift from grain-supported facies 

in subunit 9 to mixed facies in subunit 10. The 

description and interpretation of subunit 10 is 

not consistent with the sedimentary data, so the 

shift is insignificant. The third shift is also asso-

ciated with subunit 10, and it is also insignifi-

cant. The fourth shift shows a major change in 

generalised facies. The fourth shift starts with 

subunit 12 and top most three subuints (12, 13 

and 14) of the Freberga Formation belong to 

mixed facies association. The subdivision of 

subunits 12 and 13 are based upon texture and 

fossil fauna while subunit 14 belongs to the 

Slandrom Formation. According to the sedimen-

tary data the Slandrom Formation constitutes a 

texture of calcimudstone to packstone that be-

longs to mixed facies association but its descrip-

tion and interpretation does not match with the 

mixed facies (Calner et al. 2010b). The sixth 

shift shows the highest sea-level rise in the Or-

dovician as shown in (Appendix. 1), it starts 

with the subunit 15. The subunits 15 and 16 be-

long to the shale facies association. The subdivi-

sion of the Fjäcka Shale is based upon their col-

our and degree of bioturbation, subunit 15 has 

Chondrites and dark grey to almost black col-

oured shale. The seventh shift takes a texture 

into calcimudstone to wackestone of the subunit 

17 of the Jonstorp Formation and belongs to the 

mud-supported facies association. The number 

Table 1. Formations and textural composition and thickness of the 28 subunits in the Borenshult-1 core and their 

grouping into the facies associations adopted in the facies model.   
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eight shift is at the base of subunit 18 and the 

overlying starta belong mixed facies association, 

and it has four subunits (19, 20, 21 & 22). All 

these four subunits including subunit 18 belongs 

to the Jonstorp Formation, the subdivision of all 

these subunits are based upon their textures. 

Subunits 18 and 19 have almost the same tex-

tures, although subunit 18 is green while subunit 

19 is red in colour. Subunit 20 is a prominent 

subunit within the Jonstorp Formation due to the 

Öglunda bed. Subunits 21 and 22 have differ-

ences in their texture, subunit 21 has wackestone 

while subunit 22 has calcimudstone to grain-

stone texture. The ninth shift takes into the 

grainstone texture of the Loka Formation of sub-

unit 23 and belongs to the grain-supported facies 

association. This shift is associated with a major 

regression as shown in Appendix. 1. The tenth 

shift occurs at the base of subunit 24 and five 

subunits (24, 25, 26, 27 and 28) belong to the 

mud-supported facies association. All these five 

subunits also belong to the upper Loka and Mo-

tala formations. The subunits 24 and 25 of the 

Loka Formation have almost the same texture 

the only difference in both the subunits is clay 

contents, subunit 25 has more clay than the sub-

unit 24. Subunits 26, 27 and 28 of the Motala 

Formation, deposited in Silurian, have only little 

differences in them. Subunit 26 composed of a 

texture of calcimudstone, while subunits 27 and 

28 have the same texture of calcimudstone to 

wackestone, the only difference in them is col-

our, subunit 27 is dark red and subunit 28 is dark 

grey in colour. 

 

4.12. Stable isotope stratigraphy  
The carbon isotope analysis of the studied core 

shows six positive peaks (Appendix. 1). Almost 

all the peaks lie in the Katian Stage except the 

biggest peak, HICE, which corresponds to the 

Hirnantian. The two most prominent excursions, 

GICE and HICE, have previously well estab-

lished global correlation and are found in a num-

ber of localities in North America, Baltoscandia 

and China (Kaljo et al. 2004; Bergström et al. 

2007; Bergström et al. 2009b; Schmitz et al. 

2010), whereas the four small excursions are cur-

rently less well known and only three of these 

small excursions are traced from North America 

to Baltoscandia (Schmitz et al. 2010). From the 

bottom of the core, carbon isotopic values are 

very much constant and close to the value of +1 

per mil. The δ13C values show a smooth curve 

with very little variations in the values within the 

Furudal and Dalby limestone and continue till the 

Kinnekulle K-bentonite time. The δ13C analysis 

does not show the MDICE peak in the core, and 

hence the recovered core section does not include 

the mid-Darriwilian. 

 The first peak of the Upper Ordovician is GICE 

that reaches a maximum carbon isotopic value of 

+1.88 per mil just below the conglomerate at the 

Skagen and Moldå boundary in the Freberga For-

mation. The δ13C peak-value of GICE in the 

Borenshult-1 core is less than the generalized 

global carbon isotope curve of Bergström et al. 

(2009b) and the regional carbon isotope curve of 

Ainsaar et al. (2010). The two almost equal in 

terms of their absolute carbon isotopic value 

peaks, namely Kope and Fairview in the Katian 

Stage, also have lower values than in the general-

ized carbon isotopic curves while the Fairview 

seems to be absent in the Baltoscandian regional 

curve. Both the Kope and Fairview peaks lies in 

the Freberga Formation with the values of 1.38 

and 1.40 respectively. Waynesville is the next 

Fig. 7. Facies model for the Upper Ordovician of southern Sweden. Key to abbreviations: SL = sea-level, FWWB = 

fair-weather wave-base, SWB = storm wave-base. Modified from Harris et al. (2004).  
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value than the corresponding peak in the global curve 

but less than in the regional curve. It is associated with 

the Slandrom Formation. The next peak is Whitewater 

and it has a lower value than the Waynesville while 

both the global and regional generalized curves repre-

sent the bigger excursions. The value of Whitewater 

peak in the core is +1.53 per mil and lies in the Lower 

green Jonstorp. The highest carbon isotopic value 

among all excursions is in the latest Ordovician 

(Hirnantian Stage) with a value of  +3.72 per mil , This 

value has comparatively lower value than the general-

ized curves of the global and regional carbon isotopic 

values that shows a value higher than +5.  

5. Discussion 

The observation about the facies and the fauna de-

scribed in the core description section and the carbon 

isotope data provide the basis for interpretation of Or-

dovician sea-level and climate. The upper Ordovician 

is coupled with major sea-level changes globally 

(Nielsen 2004; Page et al. 2007), and have left marks 

also in the Baltoscandian Basin. The four glacial 

maxima and associated regressions of the upper Ordo-

vician are closely related with high carbon isotope val-

ues (Page et al. 2007). This is also the case in Balto-

scandia.  

       The first regression is marked by the first facies 

shift (Table 1) at the top of the Furudal Formation, 

which has a wackestone to packstone texture to the 

grainstone of the lower Dalby Limestone (Appendix. 

1). δ13C values at this level do not show any indication 

of a regression but the strong textural shift shows a 

local sea-level change within the basin. A transgression 

is evident with a shift from grainstone to packstone in 

the upper Dalby Limestone. The absence of the cys-

toids and the packstone texture are the evidences which 

support the transgression in the upper Dalby. From the 

bottom of the Borenshult-1 core, the δ13C is quite con-

stant before the upper Sandbian, where the GICE 

started Appendix. 1. The δ13C value of GICE is high 

and corresponds to the Guttenberg regression of Page 

et al. (2007). At the end of the GICE regression the 

second transgression and deepening of the basin is evi-

dent from the calcimudstone texture in subunit 6. The 

middle Katian also has high δ13C values within the 

Slandrom Formation and corresponds to the early As-

ghill regression of Page et al. (2007). The isotope curve 

based on the Borenshult-1 core shows three small δ13C 

peaks between GICE and the early Asghill regression. 

The strata formed during the first peak yield fossils of 

the Favosites coral reflecting a shallowing of the sea. 

The subsequent two peaks have the microfacies of 

wackestone to packstone, also interpreting the shal-

lower sea. At the end of the early Asghill regression, a 

transgression is evident in the Fjäcka Shale (Calner et 

al. 2010a, b).  The large δ13C peak associated with the 

Hirnantian glaciation corresponds to one of the most 

significant sea-level changes in the Ordovician. In the 

Jonstorp Formation calcimudstone is a dominant tex-

ture indicating a deeper depositional environment be-

fore the start of the HICE glaciation. In the Ordovician 

the last transgression of the Borenshult-1 core is de-

fined by a texture of calcimudstone in the upper Loka 

Formation just after the HICE. The three main regres-

sions of the Borenshult-1 core are well correlated with 

global sea-level changes of the Ordovician Period. The 

five possible transgressions and four regressions oc-

curred during the upper Ordovician to lower most Silu-

rian of the Borenshult-1 core. 

       The interpretation of the microfacies in terms of 

sea-level change and other evidences for sea-level 

changes is convincing and consistent with the 

chronostratigraphic evidences of the global sea-level 

curve with few exceptions. In the Freberga Formation, 

subunit 6 has a texture of calcimudstone to packstone, 

and belongs to the mixed facies association. At the 

base of subunit 6, the calcimudstone texture is inter-

preted as a deepening of the basin that continues untill 

the Skagen and Moldå boundary where conglomerates 

are found and interpreted as a hiatus, above this hiatus 

a texture changes significantly to a more packstone 

texture that reflects a regression. The isotopic, faunal 

and textural information suggest that the regression is 

Guttenberg regression of Page et al. (2007). The mi-

crofacies is wackestone to packstone and fossils of 

coral reflects a shallowing of the sea. In subunit 10 of 

the Freberga Formation, texture is not compatible with 

the interpretations and the evidences. Sedimentary data 

suggest that subunit 10 belongs to the mixed facies 

association with a texture of wackestone to packstone 

although subunit 10 resembles the Slandrom Forma-

tion and also has glauconite which reflects shallower 

marine environment as shown in the sea-level curve 

(Fig. 8). The next sea-level fall is represented by the 

early Asghill regression. This regression is manifested 

in the Slandrom Limestone by solution structures and 

several types of karst type morphologies (Calner et al. 

2010b). These karst features are interpreted as a major 

sea-level drop. The last regression in the upper Ordo-

vician is the Hirnantian glaciation, which has a well 

established global correlation. The microfacies is a 

laminated grainstone with radial to concentric ooids, 

reflecting the shallowing of the sea in Hirnantian time.  

 The interpretations based upon the observations 

suggest three prominent regressions and five transgres-

sions. The problem arises in constructing the sea-level 

curve, when using all type of observations like microfa-

cies, δ13C data, and faunal observation. The subunits 

within the formations have varied texture, from cal-

cimudstone to grainstone, in order to resolve the textural 

problem a table of sedimentary data is constructed by 

using the textural observations. The generalised facies 

model of Harris et al. (2004) is also used in generalizing 

the microfacies of the sedimentary data. Sedimentary 

data, carbon isotope data, faunal and other observations 
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are combined to interpret in light of evidences, available 

information and knowledge to construct Ordovician sea-

level curve. 

6. Conclusions 

The conclusions inferred by the study are as fol-

low: 

 The Upper Ordovician through lowermost Silu-

rian succession of the Borenshult-1 core can be 

subdivided into nine main units which furthermore 

are subdivided into twenty-eight subunits. 

 The lithofacies, microfacies textures, and faunal 

information reflect a cool-water carbonate shelf 

setting of intermediate depths but which varied 

with sea-level regressions and transgressions. Four 

regressions with subsequent transgressions are re-

corded in the starta of the Borenshult-1 core. 

Lower Dalby, middle Freberga, Slandrom and the 

Loka formations show evidences of regressions in 

their stratigraphic interval, while subsequent sea-

level rises are evidenced by transgressive facies in 

the upper Dalby, middle Freberga Formation, 

Fjäcka Shale and upper Loka Formation. 

 The fauna found in the Borenshult-1 core strati-

graphy reflects the normal cool-water Ordovician 

ecological assemblages. With the exceptions of the 

finding of Favosites sp. specimens in the Freberga 

Formation and radial to concentric ooids in the 

Loka Formation, which are indicative of tropical 

climates. 

● The carbon isotopic data shows six positive 

peaks and have well defined correlation globally. 
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