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ABSTRACT  

The Mid North Sea High (MNSH) Seaway, otherwise known as Jenyon’s 

Channel, was the only major marine connect ion between the Northern and 

Southern Zechstein Basins during the latest Permian. Current understanding 

favours a model where marine replenishment began with a northern connect ion 

to the Panthalassic Ocean (along a network of basins that were precursors to 

the North Atlantic Rif t  System), after which marine water passed into the 

Northern Zechstein Basin, travel led through the MNSH Seaway before f inally 

reaching the Southern Zechstein Basin. This study del in eates evaporite 

formations in an extensive petrophysical dataset to analyse marine 

connections and whether they inf luenced Zechstein facies distr ibut ion.  The 

f irst four Zechstein Cycles (Z1-Z4) are identif ied on the MNSH platform which 

shows that this structure was always covered by a thin water column dur ing 

sea-level highstand; however, dur ing Z2 sea - level lowstand, the MNSH 
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Seaway provided the main connection between the basins.  As relat ive sea -

level fell,  the MNSH Seaway became increasingly constr icted result ing in 

hypersal inity due to l imited volumes of marine water reaching the Southern 

Zechstein Basin.  This system precipitated vast volumes of Z2 ( late 

Wuchiapingian) halite in the Southern Zechstein Basin, whereas this facies 

remains reduced in the Northern Zechstein Basin. In Z3 and Z4 

(Changhsingian) t imes relat ive average sea-level was higher result ing in 

sustained communication between the basins, even in t imes of sea -level 

lowstand. This is evidenced through a regional ly traceable blanket of Z3 hal ite,  

along with occasional examples of Z2 carbonate platforms becoming entombed 

in Z3 hal ite. This work provides revised palaeoenvironmental understanding 

for the latest Permian. The workf low could also aid in the study of other 

oceanic gateways with further impl icat ions for hydrocarbon explorat ion efforts 

and emerging energy transit ion technologies such as subsurface storage o n 

the UK Cont inental Shelf.  
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1. INTRODUCTION 

The Mid North Sea High (MNSH)  is a major east-west str iking elevated 

palaeotopographical feature which separated the Northern and Southern 

Zechstein Basins during the latest Permian. The structure traverses the UK 

sector of the North Sea before joining with the Ringkøbing Fyn High in the 

east. Whilst once perceived as an unimpeded barrier, a north-south trending 

channel through the MNSH has been postulated but largely undocumented for  

almost 50 years (Ziegler, 1975; Day et al . ,  1981) . Despite this,  poor seismic 

data coverage and a general structural al ignment with the Central Graben  

resulted in interpretat ions of the channel as a Mesozoic half -graben. Jenyon 

et al.  (1984) had access to the f irst seismic dataset with suff icient ly closely 

spaced l ines to provide an updated assessment o f the channel. Their analysis 

identif ied salt  dissolut ion structures  and salt  s lopes alongside a uniform base 

Zechstein ref lector, the contrast between which al lowed for the feature to be 

reinterpreted as a pre-Mesozoic channel with primary salt  precipitat ion 

geometry.  Accordingly, subsequent studies progressed based on the 

interpretat ion of the channel as a connection between basins (Jenyon, 1987; 

Jenyon and Taylor, 1988; Smith and Taylor, 1989). Although a lack of wel l  

coverage and modern seismic data within the seaway lead to a perceived lack 

of prospect iv ity which inhibited further investigat ion , the acquisit ion of new 

densely spaced 2D and 3D seismic data now al lows for a reinvestigation of 

this feature.  Straits and seaways connect basins, control the exchange of 

water, heat, biota,  and sediments, and can also inf luence regional cl imate 

systems (Rossi,  2023). As such, uncovering the per iods of t ime when the 

seaway exerted inf luence wi l l  be key for understand ing the spatial  and 

temporal evolut ion of the Zechstein system.  



  



Fig. 1.  Regional facies distr ibut ion dur ing Zechstein deposit ion after Ziegler 

(1988), with improvements to the MNSH after Brackenridge et al .  (2020).  

 

Brackenridge et al.  (2020) used regional 2D seismic data to understand the 

strat igraphic evolut ion of the MNSH, and their Zechstein mapping defined the 

lateral trends of the seaway at a higher resolut ion than that of Jenyon et al.  

(1984). Despite the improved mapping of the MNSH Seaway, this research did 

not examine the impact on Zechstein facies across the study area. The 

Zechstein system on the UK Cont inental Shelf  is emerging as a key target not 

only for hydrocarbon explorat ion (Patruno et al. ,  2017; Grant et al. ,  2019; 

Brackenridge et al. ,  2020; Browning-Stamp et al. ,  2023; Garland et al. ,  2023), 

but also for subsurface storage in solut ion-mined halite caverns (Muhammed 

et al. ,  2022; Marín et al. ,  2023; Brackenridge et al. ,  2023).  

This study aims to build on recent seismic mapping (Brackenr idge et al. ,  2020; 

Browning-Stamp et al. ,  2023; Garland et al. ,  2023)  to constrain the t imes of  

seaway inf luence and how implicat ions vary for the Northern and Southern 

Zechstein Basins. This has been achieved through a re-evaluat ion of  

petrophysical data from legacy explorat ion wells to  construct a series of wel l 

correlat ion panels across the western region of the Northern Zechstein Basin  

and the northwesternmost part of the Southern Zechstein Basin , as these 

regions f lank the MNSH Seaway (f ig. 1) .  Further wel l  correlat ion panels wi l l  

be used to understand key local it ies that help decipher the implicat ions of the 

MNSH Seaway. Ult imately, this study provides evidence that  petrophysical 

data can help reveal the existence and reconstruct the evolut ion of a major 

marine gateway between two semi-restr icted basins without the need for  

extensive 3D seismic coverage.   



2. GEOLOGICAL SETTING 

During the late Palaeozoic , the Variscan Orogeny amalgamated the 

Gondwana, Laurussia and Siberia landmasses to form the Pangea 

Supercont inent. This set the scene for the future development of the Zechstein 

Sea in the late Permian (Glennie and Underhi l l ,  1998; McCann et al. ,  2006; 

Fluteau et al. ,  2001; Kroner and Romer, 2013; Schulmann et al. ,  2014; 

Underhi l l  and Richardson, 2022). The surface of Pangea consisted of  

intracontinental regions of terrestr ial dryland within which developed the early-

middle Permian Rot liegend desert red beds (McKie, 2017; Underhil l  and 

Richardson, 2022).  The Permo-Triassic boundary marks a tectonic shif t  from 

dominant cont inental accret ion in the Palaeozoic to major Mesozoic r if t ing 

which eventual ly resulted in the breakup of Pangea (Coward, 1995).  

A minor phase of r if t ing dur ing the ear ly Permian not only closed the Rheic 

Ocean (which lay between Laurent ia and Gondwana) but also developed two 

new Permian intracratonic basins part it ioned by the Mid North Sea - 

Ringkøbing Fyn High (Jenyon and Taylor, 1988; Heeremans et al. ,  2004; 

McCann et al. ,  2006; Nance et al. ,  2009, 2011; Mulhol land, 2018; Brackenridge 

et al. ,  2022; Underhi l l  and Richardson, 2022). Defined as a 

palaeotopographical high of lower Palaeozoic strata with a Caledonian granite 

core, this system was generated in associat ion with Permian r if t ing, which 

subsequently caused the thinning of Rotl iegend and Zechstein strat igraphy  

(Donato et al. ,  1983; Corf ield et al. ,  1996; Patruno et al,  2017; Grant et al. ,  

2020).  The Northern Zechstein Basin  is the more laterally restr icted of the two 

basins, whi lst the Southern Zechstein Basin  extends across Germany, Poland, 

the Nether lands, Denmark, and the United Kingdom (Doornenbal and 

Stevenson, 2010, Underhi l l  and Richardson, 2022).  The Southern Zechstein 

Basin sits on deformed and t i l ted  Carboniferous and Devonian strata which 



were once part of the foreland of the Variscan thrust belt  (Ziegler 199 2, Grant 

et al. ,  2019).  

The Zechstein basin system was original ly inf i l led by Rotliegend desert  

sediments; however,  in the latest Permian marine waters from the northern 

reaches of the Panthalassic Ocean transgressed along an incipient arm of the 

proto-North At lant ic Rif t  System. This produced the Boreal Seaway connection 

between the Northern Zechstein Basin  and the Barents Shelf of the 

Panthalassic Ocean (Ziegler, 1988; Sørensen et al. ,  2007; Underhi l l  et al. ,  

2023; f ig. 1).  This transgression via the new marine connect ion init iated the 

Zechstein Sea since the Permian basin system was f looded with cooler 

northern marine waters.  

Whilst the southeastern Polish-Dubrugea Trough connected the Southern 

Zechstein Basin and the Eastern Palaeo-Tethys Ocean unt i l the Early Permian,  

this connect ion was l imited or interrupted in the Middle and Late Permian 

(Sørensen et al. ,  2007; McKie, 2017). Deposit ion in Zechstein t imes  across 

the Pol ish-Dubrugea Trough mainly exhibits deltaic/shallow marine sands 

(Ziegler, 1988). In contrast , the Boreal Seaway features carbonates and 

evapor ites, which could suggest that the northern connect ion was 

character ist ically akin to the Zechstein Sea. Palaeontological studies of  

bryozoa have conf irmed that the Zechstein basin system was mainly 

replenished by cooler northern marine waters  (Sørensen et al. ,  2007; Patruno 

et al. ,  2022), and therefore palaeoenvironmental studies use a model where 

the Boreal Seaway was the main inf luence on the Zechstein Sea even in a 

scenar io where global highstand al lowed for sporadic connect ion to the 

Eastern Palaeo-Tethys Ocean via the Pol ish-Dubrugea Trough (f ig. 1) .  

The Zechstein Sea was only intermittently connected to the Panthalassic 

Ocean which resulted in cyclical var iat ions in basin salinity (Tucker, 1991).  As 



such, the fauna of the Zechstein Sea differ from those in the broader Permian 

biostrat igraphic scheme. The Zechstein Supergroup (f ig. 2) is a pan-northwest  

European unit  which can be broadly di vided into 5 deposit ional sequences of  

carbonates and evaporites attr ibuted to repeated f looding and evaporation 

corresponding to cycl ical variat ions in sal inity (Clark, 1986;  Smith, 1979; 

Tucker, 1991; Jackson and Stewart,  2017; Fig. 2).  The Z2 Stassfurt Halite Fm.,  

the Z3 Leine Halite Fm., and the Z4 Aller Hal ite Fm. are the key units studied 

in this research (emphasised in f ig. 2).  

The lateral extent  of Pangea al lowed for  signif icant ar idity which amplif ied 

global greenhouse condit ions (Habicht, 1979; Glennie, 1995; Peryt et al. ,  

2012; Grant et al. ,  2017; McKie, 2017). The polar regions of the globe 

remained mostly free of ice, signify ing a period of global highstand. The late 

Permian saw Northern Panthalassic marine waters transgress over 1000km, 

eventual ly reaching as far as the East Ir ish Sea, the Netherlands, and Poland. 

This suggests that the f loors of the Permian basins were below global sea -

level (McKie, 2017). Average sea- level trends for the late Permian and Tr iassic 

remain poor ly constrained; nonetheless, in general,  studies observe long-term 

sea-level r ise (McKie, 2017).  



 

Fig. 2.  Strat igraphy of the Zechstein  around the MNSH after the Southern 

North Sea classif icat ion provided by Johnson et al.  (1994)  and Grant et al .  

(2019). The colours al located to Zechstein subdivis ions remain consistent  

throughout this study.  

 

3. DATA AND METHODOLOGY 

The petrophysical  data used in this study cover the greater MNSH region 

(Quadrants 20-21, 26-30, 36-44) and were acquired from the North Sea 

Transit ion Author ity  National Data Repository  (f ig. 3b).  At f irst,  120 wells were 



identif ied which, at  minimum, penetrated the top of the Zechstein.  As 

comparisons between evaporite thicknesses were important to this study, the 

focus moved to 50 wells which penetrate the complete Zechstein  interval.  

Across the Southern Zechstein Basin , the sheer abundance of explorat ion 

al lowed for  the study to proceed with high-grade wel ls with complete suites of  

petrophysical logs. In contrast, a lack of legacy explorat ion  data within the 

MNSH Seaway and Northern Zechstein Basin  prompted the use of some wells 

with slight ly l imited data avai labi l i ty (table 1); however, in such cases, 

interpretat ion was control led and cal ibrated using analogues from high-

confidence neighbour ing wel ls. Wirel ine logs were used to diagnose different  

l i thologies (Rider, 1996; SaltWorksConsultants, 2023 ; summarised in table 2).  

These responses were mapped to formations and members from the Southern 

North Sea classif icat ion of the Zechstein (f ig. 2) from which changes in 

package thicknesses could be monitored across the study area.  Well tops 

corresponding to every formation and member were created across 50 wells.  

This paper presents f indings from 23 representat ive wells which are organised 

into a series of f ive well correlat ion panels (f ig. 4).  



 



Fig. 3. The MNSH Study area a)  Zechstein two-way-t ime thickness map 

created using surfaces avai lable on the NSTA Data Centre (Brackenridge et 

al. ,  2018) showing the seismical ly derived ground truth behind the 

interpretat ion of the MNSH Seaway. The map shows lateral continuity of the 

shallow salt  slopes f irst identif ied by Jenyon et al.  (1984) which al lowed for  

the reinterpretat ion of the feature as a seaway.  The location of this map and 

well IDs can be found in f ig. 3b b)  Map of the data used in this study and the 

posit ion of wel l correlat ion panels and seismic l ines  (map after Brackenr idge 

et al. ,  2020)  

 

The neutron-density (NPHI-RHOB) logs were plotted on the scales of 45 to -

15 cm3 /cm3  and 1.95 to 2.95 g/cm 3  respectively.  As a result ,  when the logs 

track each other,  i t  is an indicat ion that the l ithology could be l imestone; 

however, most carbonates within the study area are dolomit ised (that is,  

altered to become magnesium dominated) result ing in a posit ive neutron-

density separation.  

The presence of anhydrite was interpreted when the density log approached 

2.98 g/cm3  with exceedingly low gamma ray readings (<10 API).  When 

available, an acoustic response of 50 μs/f t  also helped to diagnose the 

presence of anhydr ite.  Hal ite was interpreted through a signif icant neutron-

density separation as wel l as an acoust ic response of 67 μs/f t .  Other low-

density salts and potash salts  (radiogenic potassium salts)  were interpreted 

through unique var iat ions on these same character ist ics , with further 

diagnost ic indicat ions provided through gamma ray readings (the details of  

which can be found in table 2).  



2D seismic l ines were used to test models which were produced based on 

petrophysical interpretat ion. The seismic dataset was acquired by 

WesternGeco on behalf of the North Sea Transit ion Authority in 2015 as part  

of their Frontiers Program. Top and base Zechstein wel l tops were acquired 

from the NSTA Data Centre (Brackenr idge et al. ,  2018). Seismic data was 

normal polarity, zero phase and was interpreted in SLB’s Petrel software.  

Depth conversion was undertaken and  calibrated to the top and base 

Zechstein well tops.  Seismical ly der ived surfaces were imported from the 

same NSTA Data Centre to create a thickness map of the Zechstein across the 

greater MNSH region (f ig. 3a). This map confirmed Jenyon’s observat ions of  

shallow salt  s lopes on the eastern margin of the MNSH Seaway and al lowed 

for a prel iminary spatial understanding of Zechstein thickness character ist ics.  

This work also analysed core data acquired from a well s ituated at a strategic 

location in the Quadrant 29 Basin.  A sample taken from the Br it ish Geological 

Survey’s Core Store (Keyworth) at 2550m in wel l 29/27- 1 was processed into 

thin sections which were then studied. The sample’s location and depth is 

marked in f ig.  4a.  

 

 

 

 

 

 

 

 



Well ID  Year  
CALI  

(Caliper)  

GR 

(Gamma 
Ray)  

NPHI  

(Neutron 
Porosity)  

RHOB  

(Density)  

DT  

(Acoustic)  

21/26- 1D  1968  ✔ ✔ x ✔ ✔ 

26/08- 1  1992  ✔ ✔ ✔ ✔ ✔ 

26/12- 1  1985  ✔ ✔ ✔ ✔ ✔ 

26/14- 1  1984  ✔ ✔ ✔ ✔ ✔ 

27/03- 1  1967  ✔ ✔ ✔ ✔ ✔ 

27/10- 1  1970  ✔ ✔ x ✔ ✔ 

28/12- 1  1971  ✔ ✔ x x ✔ 

29/23- 1  1967  ✔ ✔ — — ✔ 

29/27- 1  1987  — ✔ — — ✔ 

36/13- 1  1967  ✔ ✔ x ✔ ✔ 

36/15- 1  1967  ✔ ✔ ✔ ✔ ✔ 

37/10- 1  1969  ✔ ✔ ✔ ✔ x 

37/23- 1  1970  x ✔ x x ✔ 

38/18- 1  1967  ✔ ✔ ✔ ✔ x 

38/24- 1  1983  ✔ ✔ ✔ ✔ ✔ 

41/08- 2  1995  ✔ ✔ ✔ ✔ ✔ 

41/10- 1  1995  ✔ ✔ ✔ ✔ ✔ 

42/09- 1  1997  ✔ ✔ ✔ ✔ ✔ 

42/10a- 1  1982  ✔ ✔ ✔ ✔ ✔ 

43/05- 1  1994  ✔ ✔ ✔ ✔ ✔ 

43/06- 1  1997  ✔ ✔ ✔ ✔ ✔ 

44/06- 1  1992  ✔ ✔ ✔ ✔ ✔ 

44/07- 1  1968  ✔ ✔ x x ✔ 

 

Table 1.  The data avai labi l i ty of the wel ls used in this study.  Ticks indicate 

that the wirel ine log was acquired for  the ent ire Zechstein interval.  Dashes 



indicate part ial coverage. Crosses indicate ful l absence of the log within the 

Zechstein interval.  

Lithology Chemical Formula 
Gamma 

Ray 
(API) 

Neutron 
porosity 

(cm3/cm3)  

Density 
(g/cm3) 

Acoustic 
(μs/ft) 

Limestone 
Φ=10% 

CaCO3 0 10 2.71 62 

Dolomite 
Φ=10% 

CaMg(CO3)2 0 13.5 2.85 58 

Shales  80 - 150 2.2 - 2.75 25 - 60 70 - 150 

Anhydrite CaSO4 0 -2 2.98 50 

Gypsum CaSO4·2H2O 0 49 2.35 52.5 

Halite NaCl 0 -3 2.03 67 

Tachyhydrite CaCl2·2MgCl2·12H2O 0 50+ 1.67 77 

Carnallite MgCl2·KCl·6H2O 200 65 1.57 122 

Sylvite KCl 500 -3 1.86 78 

Polyhalite 2CaSO4·MgSO4·K2SO4·H2O 190 15 2.79 57.5 

 

Table 2.  The propert ies of key l ithologies interpreted in this study  after Taylor 

(1993), Rider (2002), Warren (2016) and SaltWorkConsultants (2023) .  

 

 

4. RESULTS AND INTERPRETATION 

This study presents f ive wel l correlat ion panels from across the greater MNSH 

region. Well correlat ion panels A and B (f ig. 4a and 4b) display data from the 



Northern Zechstein Basin  (Quadrants 21, 26-29) and Southern Zechstein 

Basin (Quadrants 41-44), respectively  (summarised in f ig. 5a) . These panels 

target basin environments and therefore avoid carbonate platforms and 

bui ldups. Every Zechstein hal ite formation (Z2 Stassfurt Hali te Fm., Z3 Leine 

Halite Fm., and Z4 Aller Hal ite Fm.) is identif ied in both structural lows . The 

Stassfurt Hal ite Fm. is at its thickest  in the Southern Zechstein Basin  but is 

l imited in the Northern Zechstein Basin . Instead, the Northern Zechstein Basin  

features extensive Z3 Leine Hal ite Fm. Well correlat ion panel C (f ig. 4c) 

presents the two basinal wells from the Quadrant 38 Embayment ( identif ied on 

the map in f ig. 3b).  The northern and southern ends of the embayment feature 

the same salt  thickness trends as the Northern and Southern Zechstein 

Basins.  

Well correlat ion panel D (f ig. 4d) confirms the presence of the f irst four (Z1-

Z4) Zechstein Cycles on the structural ly elevated MNSH. Moreover, 

carbonates at the base of the cycles are almost always present albeit  often 

l imited in thickness.  Well correlat ion panel E (f ig. 4e) features local it ies from 

across the greater MNSH region where Z1 and Z2 carbonate platforms are 

capped with Z3 and Z4 hal ite . One key example is wel l 41/08- 2, where the 

carbonate to anhydri te rat io increases with each Zechstein cycle  before then 

featuring 68m of the Z3 Leine Hal ite Fm. and 35m of the Aller Hal ite Fm (f ig. 

5b).  



 



 



 

Fig. 4. Well correlat ion panels across the greater MNSH region a)  The 

Northern Zechstein Basin  b)  The Southern Zechstein Basin  c)  The Quadrant 

38 Embayment d)  The MNSH structural high and within the MNSH Seaway  e)   

The salt-drowned platfroms from across the greater MNSH region.The left  



panel shows examples from the south, whi lst the r ight panel shows examples 

from the north.  



 



Fig. 5. Graphs summarising the petrophysical analysis a)  Salt  thickness 

across the Z2, Z3 and Z4 cycles for Fig. 4a, 4b, and 4c. The total average salt  

thickness is comparable across the study area  with the only dif ference being 

which Zechstein cycle provides the salt .  Well 29/23 - 1 was removed from this 

average because it  intersects a major salt  diapir and therefore skews the data  

b)  Facies transit ion across Zechstein cycles in wel l 41/08- 2.  

 

Three seismic l ines were interpreted to verify the accuracy of the petrophysical 

interpretat ion and to confirm whether the spatial var iat ion in the described 

facies distr ibut ion occurred within the MNSH Seaway. The Z1 and Z2 

(Wuchiapingian) strat igraphy and the Z3 and Z4 (Changhsingian) strat igraphy 

are part it ioned by the dist inct  ref lector at  the top Z2 Stassfurt Halite Fm./base 

Z3 Plattendolomit Fm. Seismic l ine X (f ig. 6a) displays the Quadrant 29 Basin 

just to the MNSH Seaway. Here,  the Z2 Stassfurt Halite Fm. package is 

consistent ly thin. The package thickness varies in associat ion with 

tachyhydrite salt  mounds, with a continuous overlying Z3 Plattendolomit Fm. 

package; nonetheless, this thickening is of l i t t le s ignif icance when compared 

to the huge over ly ing Z3 and Z4 hal ite package. Seismic l ine Y (f ig. 6b) 

transects the middle of the MNSH Seaway and the f lanking MNSH platforms. 

Here the Z2 Stassfurt Hal ite Fm. package is extremely thin, and the seaway 

inf i l l  is  comprised solely of Z3 and Z4 hal ite.  The Z2 Stassfurt Hal ite Fm. 

package var ies along seismic l ine Z (f ig. 6c): The package is thick in the 

Southern Zechstein Basin  but disappears on the Orchard Platform, with minor 

shows of the Z2 hal ite re-entering in the southern part  of the Seaway. 

Ult imately, the seismic data demonstrates that the same regional trends in salt  

thicknesses are apparent within the MNSH Seaway.  



 



Fig. 6. Seismic evidence for the salt  distr ibut ions observed in  petrophysical  

data. Seismic depth conversion is accurate for Zechstein well  tops.  In general,  

the Z2 Stassfurt Hal i te Fm. thins in the  MNSH Seaway and Northern Zechstein 

Basin, which suggests that petrophysical correlat ion alone is suff ic ient to 

provide insight into marine gateways.  Locations of seismic l ines are available 

in f ig. 3b a) Seismic l ine X across the Quadrant 29 Basin (where the MNSH 

Seaway meets the Northern Zechstein Basin) b) Seismic l ine Y through the 

MNSH Seaway c) Seismic l ine Z from the Southern Zechstein Basin  to the 

MNSH Seaway via the Orchard Platform.  

 

4.1. Z2 Stassfurt Halite Fm.  variabil i ty.  

The base of the Z2 Stassfurt Hal ite Fm. is marked by a dist inct  drop in density 

from the underly ing Zechstein strat igraphy. I t  is the f irst major hal ite package 

across the greater MNSH region, save for  local Werrahal it  Fm. pods (Underhi l l  

and Hunter, 2008). The top of the Z2 Stassfurt Hal ite Fm. is often marked 

through roof anhydri te (Deckanhydr it  Mbr.) ;  otherwise, the Z3 Plattendolomit  

Fm. marks the top of the Z2 Stassfurt Hal ite Fm. The only except ion is found 

in wel l 43/06- 1, where there is no clear l i thological buffer between the Z2 

Stassfurt Halite Fm. and the Z3 Leine Hal ite Fm; nevertheless,  the data shows 

a change in halite characterist ics  ( indicated in f ig. 4b) . The Z2 Stassfurt Hal ite 

Fm. features packages with higher gamma ray and density readings which  

together indicate the presence of potash beds (table 2). This contrasts with 

the consistent wirel ine responses in the over lying Leine Halite Fm., which 

suggests a greater hal ite pur ity.  

The Z2 Stassfurt Halite Fm. exhibits extensive regional thickness var iabi l i ty.  

Across the Northern Zechstein Basin , the average thickness of this unit  is 



99m; however, the Southern Zechstein Basin  demonstrates a far greater 

average thickness of  456m. Within the MNSH Seaway, well 37/23- 1 yields no 

clear evidence for the Z2 Stassfurt Hal ite Fm.; despite this, seismic data 

suggest that this formation does occur in the eastern parts of the seaway. 

Regionally, the base of the Z2 Stassfurt Halite Fm. features beds of potash 

salts that are up to 50m thick.  The potash salts are often under lain by an 

unsubstant ial  (<30m) bed of halite; moreover,  the entire package thins in the 

east toward Dogger Bank in  Quadrant 44. There is no evidence for a  potash 

salt  package at the roof of the Z2 Stassfurt Hal ite Fm.  Within the Quadrant 29 

Basin, the Z2 Stassfurt Hal ite Fm. features the rare evapor it ic mineral 

tachyhydrite ( indicated in f ig. 4a and 6a) which was f irst interpreted and 

discussed by Taylor (1993).  

 

4.2. Z3 Leine Halite Fm. variabi l i ty.  

The Z3 Plattendolomit Fm. and Z3 Hauptanhydrit  Fm. provide a regional ly 

identif iable petrophysical contrast to interpret  the base of the Z3 Leine Hal ite 

Fm. Across the greater MNSH region the top of the Z3 Leine Halite Fm. is 

often emphasised by an unnamed Z3 Roof Anhydr ite Mbr. (that is, the Z3 

equivalent  to the Z2 Deckanhydr it  Mbr).  The Quadrant 29 Basin remains the 

only part of the greater MNSH region where conf idence wanes for the top Z3 

pick.  An average thickness of  400m was found for the Z3 Leine Hal ite Fm. in 

the Northern Zechstein Basin , whi lst this average was 172m in the Southern 

Zechstein Basin. Within the MNSH Seaway, the Z3 Leine Hal ite Fm. thickness 

was 520m whilst the Quadrant 38 Embayment demonstrated an average of 

264m (+/- 3m). 

 



4.3. Z4 Aller Hal ite Fm. variabi l i ty.  

In the Quadrant 29 Basin, the base of the Z4 Al ler Hal ite Fm. is often diff icult  

to ident ify due to l imited data avai labi l i ty and absent petrophysical contrast to 

the under ly ing Z3 Leine Hal ite Fm. The Z4 Aller Halite Fm.  yields an average 

thickness of 67m in the Southern Zechstein Basin  but is absent across the 

entire Quadrant 38 Embayment. In the Northern Zechstein Basin , this 

formation has an average thickness of 194m. This is the least substant ial  

major hal ite package across the greater MNSH region.  

 

5. DISCUSSION 

5.1. Halite format ion thickness disparity .  

The results show that  the primary dispar ity between the Northern and Southern 

Zechstein Basins centres around the Z2 Stassfurt Halite Fm. Regional controls 

not only inf luence thickness var iat ions but also minerology and facies 

character ist ics.   

Current understanding suggests that the Northern Panthalassic Ocean 

connected to the Northern Zechstein Basin  via the Boreal Seaway, and that a 

Southern Zechstein Basin  connection to the Eastern Palaeo-Tethys Ocean was 

l imited or absent (Ziegler, 1988; Sørensen et al. ,  2007; shown in f ig. 1).  I t  is 

therefore l ikely that  when the Northern Zechstein Basin featured elevated 

sal inity, the Southern Zechstein Basin would have displayed the same. During 

these per iods of elevated sal inity in the north, normal sal inity in the Southern 

Zechstein Basin would only be possible if  there was a major connect ion to the 

Eastern Palaeo-Tethys Ocean.  

Tucker (1991) descr ibes two contrast ing sequence strat igraphic successions 

in restr icted basins: one scenario involves incomplete drawdown and the other 



features complete drawdown with wholesale basin desiccation from 

evaporation. With this in mind, the  distr ibut ion of the Z2 Stassfurt Hal ite Fm. 

suggests different evaporation characterist ics in each basin. The l imited 

thickness of the Z2 Stassfurt Halite Fm. in the Northern Zechstein Basin  

suggests a less evapor it ic  environment  whilst  the opposite is true for the 

Southern Zechstein Basin  (f ig. 7). I f  the two basins were in ful l communicat ion, 

then the data would show similar thickness distr ibut ions.  The discrepancy in 

the Z2 Stassfurt Hal ite Fm. thickness was f irst noted by Taylor (1993). Our 

current study has investigated trends in salt  thickness at a larger scale and 

provided a palaeoenvironmental explanat ion for regional var iat ion.  

The Z2 Hauptdolomit Fm. carbonates remain present across the structural ly 

elevated MNSH (f ig. 4d), which indicates that at Z2 highstand the MNSH was 

covered by a shal low water column to al low for carbonate progradation  ( in l ine 

with the petrophysical in terpretat ion of Patruno et  al. ,  2017). Nonetheless, as 

Z2 evaporat ion commenced, a lack of hal ite on the MNSH suggests that 

communication between the Northern and Southern Zechstein Basins  was 

restr icted to the MNSH Seaway: The ever-decreasing width of the MNSH 

Seaway l imited f luid exchange between the basins . As such, hypersal inity,  

caused by reduced volumes of mar ine water reaching the Southern Zechstein 

Basin, catalysed the precipitat ion of the extensive salt  deposit  found there 

(Sarg, 2001; f ig. 8).  Comparable Z3 and Z4 hal ite thicknesses across both 

basins suggests restored communicat ion fol lowing Z2 isolat ion.  

Van de Belt and de Boer (2007) present a “shal low -basin model” for the 

Southern Zechstein Basin. Essential ly, salt  precipitat ion cont inuously added 

weight to the overburden which drove basin subsidence ( becoming a self-

sustaining feedback loop). Moreover, they ( ibid.) suggest that a shal low basin 

is in fact preferable for the precipitat ion of thick salt  sequences and their  



model reduces the need for replenishment via repeated opening and closing 

of major marine connections. Their model ( ibid.) supports the work presented 

in this study as we suggest that the MNSH Seaway provided a continuous 

(albeit  l imited) tr ickle of marine water into the Southern Zechstein Basin. With 

the “shal low-basin model” in mind, the regional variat ion in Z2 halite 

precipitat ion could suggest that the Southern Zechstein Basin underwent most 

subsidence in the late Z2 cycle due to the weight of salt .  Ho wever, the 

Northern Zechstein Basin probably experienced a later phase of subsidence  

as most salt  was produced in Z3 and Z4 t imes.  This confirms the prel iminary 

suggestion by Taylor (1993) that the l imited Z2 Stassfurt Halite Fm. in the 

Northern Zechstein Basin was control led by primary deposit ional factors 

opposed to secondary salt  migrat ion.  

 



 



Fig. 7. Palaeogeographical evolut ion of the MNSH Seaway based on 

petrophysical interpretat ions. The pink l ine indicates the approximate 

separat ion between the basins based on petrophysical data. Maps of 

carbonate platforms after Brackenridge et al.  (2020), Garland et al.  (2023),  

and Browning-Stamp et al.  (2023).  

 

5.2. Regional Z2 basal potash to ref ine  basin communication model.  

Potash salts (KCl) should precipitate after hal ite  (NaCl) in models for brine 

evolut ion (Habicht, 1979). This is the case for the Z3 Leine Hal ite Fm., where 

the Southern Zechstein Basin  and much of the Northern Zechstein Basin  

feature potash salt  above hal ite  (as indicated in f ig. 4a and 4b. and 

summarised in f ig. 8 ).  

The basal Z2 Stassfurt Hal ite Fm.  potash salts provide further geochemical 

evidence to constrain the t imings of restr ict ion and communication.  All  wel ls 

studied in the Southern Zechstein Basin  feature the basal Z2 potash ( in l ine 

with detai led analysis by Gar land et al. ,  2023) . Furthermore, the basal potash 

facies is present in the Quadrant 29 Basin and the Forth Approaches Basin  

(key palaeo- lows within the Northern Zechstein Basin ), but current  

petrophysical data does not reveal the presence of the basal potash within the 

MNSH Seaway (f ig. 4d). Across the study area, a thin layer of hal ite often 

occurs beneath the potash salts. This suggests that a regional ly cont inuous 

albeit  l imited phase of hal ite precipitat ion  occurred before the potash phase, 

indicat ing a period of elevated aridity because the ent ire brine evolut ion model 

has been rapidly ful f i l led.  Warren et al.  (2016) suggests that the Southern 

Zechstein Basin Z2 basal potash is a replacement of the original hal ite;  

however, this assessment explains neither the hal ite bed which underl ies the 



Z2 potash, nor the primary potash precipitat ion geometry discussed by 

Garland et al.  (2023). Fol lowing this, both basins entered a second hal ite 

phase where the Southern Zechstein Basin  developed thick accumulat ions of  

the Z2 Stassfurt Hali te Fm.  

I t  is presumed that  the lowest  relat ive sea- level occurred during regional 

potash precipitat ion (f ig. 8b). After its deposit ion, there was a slight r ise in 

relat ive sea-level to allow for the minor freshening event in the Southern 

Zechstein Basin (f ig.  8c) , something which only added to the remaining br ine 

in the basin. The net geochemistry of fresh seawater mixed with concentrated 

brine resulted in basin condit ions that were st i l l  too severe to begin a new 

carbonate cycle but  were conducive for  a new phase of  hal ite precipitat ion  

(f ig. 8c). The effects of depleted potassium concentrat ions  in the early Z2 

Stassfurt Halite Fm. t imes due to previous potash precipitat ion  were st i l l  felt  

at the end of Z2 evaporat ion:  The net deplet ion of potassium in the basin 

prevented a second phase of potash precipitat ion  which resulted in a pure 

hal ite phase for the remainder of Z2 t imes. As such, the Z2 Stassfurt Hal ite 

Fm. can be separated into two cycles  corresponding to restr ict ion from 

different seaways: The f irst  cycle featured the precipitat ion of a vast potash 

system (corresponding to restr ict ion in the Boreal Seaway)  during a period of  

elevated ar idity, whi lst the second cycle allowed for  typical hal ite precipitat ion  

(amplif ied in the Southern Zechstein Basin  by restr ict ion due to the MNSH 

Seaway). As discussed, a contrast ing precipitat ion system is present within 

the Z3 Leine Halite Fm. as the geochemistry of the water al lowed for the 

standard potash phase at the top of the Z3 evapor ite column (indicated in f ig.  

4a and 4b). The only except ion in Z3 t imes is found in the Forth Approaches 

Basin (Brackenr idge et al. ,  2023) where local condit ions seem to have 



amplif ied potassium concentrat ions result ing in great accumulat ions of potash 

salts throughout Zechstein deposit ion  (f ig. 4a).  

 

5.3. Salt-drowned platforms 

In Z1 and Z2 (Wuchiapingian)  t imes, carbonate platforms developed in 

Quadrants 41, 42 and 43 on the northwesternmost  margin of the Southern 

Zechstein Basin (Patruno et al. ,  2017). Recent explorat ion at the Ossian and 

Pensacola discover ies has revealed promising reservoir  play opportunit ies 

within this area (Browning-Stamp et al. ,  2023; Garland et al . ,  2023). 

Petrophysical data shows that some platforms were unaffected by Z2 

evaporation in the Southern Zechstein Basin  dur ing which t ime signif icant 

hal ite precipitat ion occurred around the platforms but not on top of them (f ig. 

4e). This indicates a potent ial phenomenon that may have promoted subaer ial 

exposure during Z2 evaporation before the platforms were then drowned in 

hal ite dur ing Z3 and Z4 t imes (Changhsingian). Crit ical ly, this t rend is also 

apparent in the Northern Zechstein Basin  (as indicated in f ig. 4e) .  

Our regional petrophysical analysis and resultant mapping offers evidence in 

l ine with the argument for Z3 sea- level r ise (as descr ibed by van Wees et al. ,  

2000, and McKie, 2017). Rather than hal ite precipitat ion in one basin, a 

regional blanket of Z3 and Z4 halite exists which direct ly contrasts the lateral 

character ist ics of the Z2 hal ite  (f ig. 8).  The MNSH Seaway control led the 

replenishment of seawater to the Southern Zechstein Basin  during Z2 t imes, 

but this system had no inf luence in the late Zechstein. Sea- level r ise drowned 

any isolated platforms and bui ldups result ing in Z3 and Z4 hal i te precipitat ion 

even on Z1 and Z2 carbonates (f ig. 4e, 6c and 7). The seaway was 

overwhelmed by sea-level r ise which restored ful l communicat ion between the 



Northern and Southern Zechstein Basins , thus ending the Z2 basin isolat ion 

system.  

Smith and Taylor (1989) use the MNSH Seaway as an analogue to infer the 

presence of another potential marine connect ion between the Northern and 

Southern Zechstein Basins  which could reside between the eastern coast l ine 

of the UK and the MNSH. When examined in isolat ion, the presence of hal ite 

within well 41/08- 2 could suggest a narrow extension of the Southern 

Zechstein Basin into the MNSH structure within Quadrant 41 . Nonetheless, as 

this study ident if ies an absence of Z2 hal ite within this well,  the potent ial 

feature was not present in t imes of ear ly Zechstein deposit ion . As such, the 

feature is unl ikely to be akin to the MNSH Seaway which was established as 

a gap in the MNSH before Zechstein deposit ion. Ult imately, that the halite 

found in wel l 41/08- 2 correlates to the later Z3 and Z4 cycles when sea-level 

r ise ref i l led the Southern Zechstein Basin  (f ig. 4e).  

The Zechstein maps of Doornenbal and Stevenson (2010) show reasonably 

thick Zechstein accumulat ions (up to approximately 600m) through the 

Ringkøbing Fyn High with a str ike parallel to that of the MNSH Seaway. With 

this in mind, whi lst  other seaways could have connected the Northern and 

Southern Zechstein Basins , it  has yet to be established whether these are 

primary features or salt  f i l led Mesozoic grabens.   



 



Fig. 8. Evolut ion of the MNSH Seaway across the Z2 and Z3 cycles.  

Subsidence of Southern Zechstein Basin  is in l ine with the model by  Van de 

Belt and de Boer (2007), which has then been appl ied to the Northern 

Zechstein Basin.  

 

5.4. Strat igraphic evolut ion of the Quadrant 38 Embayment.  

Despite appear ing regional ly insignif icant, the Quadrant 38 Embayment 

provides cr it ical fur ther evidence which supports the models of Southern 

Zechstein Basin Z2 hypersal inity  and post-Z2 relat ive sea-level r ise. Whilst 

the Quadrant 38 Embayment general ly shows a north -south trend (f ig. 3b and 

7c), in Z2 t imes the Orchard Platform developed into the embayment (f ig. 7a 

and b).  

There are two basinal wells located in the Quadrant 38 Embayment to the 

north and south of the elevated structure (38/18 - 1 and 38/24- 1, shown in f ig. 

4c). The petrophysical data from these wel ls confirms contrast ing facies 

distr ibut ion across the embayment. Being only 19km apart ,  the proximity 

between these wel ls al lows for conf idence in the facies correlat ion.  

The l imits of the Z2 cycle are clear and consistent across both wells:  The base 

of the Z2 Hauptdolomit Fm. follows the dist inct character ist ics of the Z1 

Werraanhydr it  Fm., and a substantial and lateral ly consistent roof anhydr ite 

(Z2 Deckanhydrit  Mbr.) marks the end of the Z2 cycle. The thickness of the Z2 

Stassfurt Hal ite Fm. is the only discrepancy between these wells. In the north 

this formation is very thin (23m in 38/18- 1, f ig. 5a) compared to the extensive 

hal ite accumulat ions found to the south (219m in 38/24- 1, f ig. 5a). In both 

wells, the Z2 Stassfurt Hal ite Fm.  sits on a gamma ray spike correlat ing to a 

thin bed of the basal potash salt .  Combing the above confirms that  the 



formation precipitated over the same t ime scale.  As demonstrated by thick 

(and equal) successions of Z3 Leine Hal ite Fm. ( indicated in f ig. 4c and 5), 

well 38/18- 1 did not  suffer from a lack of accommodat ion space. Accordingly,  

the north of the Quadrant 38 embayment did not maintain the same sal inity as 

the rest of the Southern Zechstein Basin  in Z2 t imes.  

The mapped entrance to the embayment resides in the southeast of the study 

area (f ig. 3a and 3b) which init ia l ly suggests  that the feature was part of the 

Southern Zechstein Basin . However, if  the Orchard Platform (Z2 Hauptdolomit  

Fm.) restr icted the southern part of the Quadrant 38 Embayment (as suggested 

by the 3D seismic interpretat ion of Browning -Stamp et al. ,  2023 and Garland 

et al. ,  2023), this would explain the var iat ion in Z2 facies distr ibut ion  over 

such a short distance.  As such, it  would appear that the north of the 

embayment was replenished by the MNSH Seaway throughout Z2 evaporat ion, 

leaving the south of the embayment to undergo the same hypersal inity as the 

Southern Zechstein Basin  (f ig. 7).  

Following this complicated local palaeoenvironmental history in Z2 t imes  (f ig.  

7), the ent irety of the Quadrant 38 Embayment is uniformly blanketed with Z3 

Leine Halite Fm. ( indicated in f ig. 4c). This supports the argument for ear ly Z3 

relat ive sea- level r ise as another Zechstein isolat ion system is made 

redundant, giving way to regionally uniform hal ite precipitat ion.  

 

5.5. Occurrence of tachyhydrite in the Northern Zechstein Basin  

Mulhol land et al.  (2018) offer different conclusions for  Permian basin 

communication in their  study which mapped a Z1-Z2 plat form across the 

southern region of the MNSH Seaway. New seismic data allowed the 

character ist ics of this platform to be mapped in greater detail  by Browning-



Stamp et al.  (2023) and Garland et al.  (2023)  (f ig. 7).  Mulholland et al.  (2018) 

suggest that the Northern Zechstein Basin  became hypersaline (or “crystal 

starved”) in Z2 t imes, the opposite of which is suggested here. N ot only does 

this idea stray from the current suggest ions regarding late Permian marine 

connections, but it  also conf l icts with petrophysical evidence for Z2 hal ite 

thicknesses. Their primary evidence for the Northern Zechstein Basin  

becoming hypersaline is based on the evapor it ic mineral tachyhydrite (the 

propert ies of which can be found in table 2). Tachyhydr ite was f irst ident if ied 

using petrophysical responses in well 29/27- 1 by Taylor (1993), where a 

structure with reef - l ike seismic geometry was targeted for hydrocarbon 

explorat ion. Instead of Z2 Hauptdolomit Fm. ree f facies, the wel l discovered a 

mound of tachyhydrite (f irst described by Taylor, 1993) ; later, the entire mound 

system was mapped by Mulhol land et al.  (2018) . In theory, tachyhydr ite could 

perhaps precipitate in the late stages of  brine evolut ion (Warren, 2016), and 

therefore models of  wholesale basin desiccation were invoked; however,  

emerging research (e.g.  Sørensen et al. ,  2007;  McKie, 2017) suggests that  

this is unl ikely. Nonetheless, this study has shown that it  was in fact the 

Southern Zechstein Basin that was hypersal ine in late Z2 t imes, and therefore 

the quest ion of the occurrence of tachyhydrite must st i l l  be answered.  

Warren (2017) provides a thorough analysis of tachyhydrite propert ies.  

Notably, tachyhydrite crystals enter a l iquid phase when react ing with moisture 

in the air and it  never forms a bed with primary precipitat ion textures. Cheng 

et al.  (2019) provides a detai led evaluation of tachyhydr ite precipitat ion 

condit ions. Crit ical ly,  they  ( ibid.)  evidence that br ine evolut ion can never form 

tachyhydrite due to the lack of suff icient volumes of calcium chlor ide in br ine, 

not to mention the unique humidity, temperature and pressure condit ions 

required for  the precipitat ion of  this mineral.  Their  study shows that 



tachyhydrite cannot precipitate even as an end member of brine evolut ion and 

point to hydrothermal f lu ids to source the calcium chloride required for  

tachyhydrite alterat ion.  The emerging understanding of tachyhydrite  

condit ions al lowed for a re-evaluat ion of its presence in the Northern 

Zechstein Basin.  

The tachyhydr ite is only found within the Quadrant 29 Basin which sits to the 

west of  the Auk f ield where latest -Permian upl if t  and erosion caused 

karst if icat ion of the Zechstein carbonates found there (Trewin and Bramwell,  

1991). Given that this structural high was tectonical ly act ive, enriched 

hydrothermal f luids could have migrated through the subsurface to replace 

hal ite seen in neighbouring wells . Such f luids could have or iginated from deep 

seated magma degassing in the subsurface (Lukanin, 2016) , but further 

research is required to test this hypothesis .  

Not only would this provide an alternat ive explanation for the presence of  

tachyhydrite, but it  would also explain why it  is local ly restr icted to the 

Quadrant 29 Basin: I f  Z2 hyper-sal inity were to have occurred across the ent ire 

Northern Zechstein Basin , then the tachyhydr ite should have precipitated 

within other palaeo-lows such as the Forth Approaches Basin. Taylor (1993) 

suggests that local igneous act iv ity and basement fault ing could have 

mobil ised or precipitated the tachyhydrite . However, f luids derived from 

igneous intrusions were more l ikely to have altered hal ite to tachyhydrite.   

Core samples from well 29/27- 1 were studied over the Z3 Plattendolomit Fm. 

interval above the tachyhydr ite mound system. In contrast to the typical MNSH 

dolomite, the tests conducted using weak hydrochlor ic acid and alizarin-red 

solut ion revealed that this formation is overwhelmingly l imestone -dominated 

within the Quadrant 29 Basin (f ig. 9). Furthermore, this l imestone is extremely 

dense and impermeable. Indeed, one fracture runs through the core  with minor 



dolomit isat ion on either side suggesting that the dolomit ising f luids only 

penetrated a few mill imetres into the l imestone (f ig. 9).  As such, this l imestone 

is essential ly a caprock. Subsequently, hydrothermal f lu ids could have 

provided the calcium chloride required for secondary tachyhydrite alterat ion,  

yet the impermeable Z3 Plattendolomit Fm. shielded the over ly ing salts from 

becoming modif ied. Such a substantial volume (up to 274m in some cases, 

Taylor, 1993) of this unstable mineral simply could not have survived the 

subsequent Z3 f looding event  without some kind of  protect ive cap. The 

unusual mound- l ike structures developed due to the weaker tachyhydrite 

deforming under the weight of the overburden. More specif ical ly, the 

tachyhydrite probably deformed during Z3 evaporat ion where the accumulat ing 

weight of the Z3 Leine Hal ite Fm. l ikely inf luenced basin subsidence ( f ig. 8, in 

l ine with the model of Van de Belt and de Boer, 2007).  This hypothesis not  

only offers an explanation for  the presence of the tachyhydr ite, but also for  

the development of the mound-l ike structures alongside the consistent  

presence of the Z3 Plattendolomit Fm. above the mounds in seismic data  (f ig.  

5a).  



 

Fig. 9. Dolomit ised fracture in Z3 Plattendolomit Fm. core from well 29/27- 1.  

 

5.6. Implicat ions and recommendations.   

The improved understanding of the regional controls on Zechstein facies 

distr ibut ion could have signif icant impl icat ions for oi l and gas explorat ion and 

energy transit ion research (such as seal heterogeneity and integrity which is 

crucial for successful carbon capture and storage). This work also provides 

updated understanding for other studies in restr icted and semi-restr icted 

evapor ite basins.  

•  The evidence for sea-level r ise should guarantee a Z3 and Z4 hal ite 

caprock for any Z2 Hauptdolomit Fm. platform or buildup hydrocarbon 

prospect, even if  there is an absence of Z2 S tassfurt Hal i te Fm. above 

the target (ensur ing a viable reservoir -seal pair).  



•  As shown by Garland et al.  (2023), the Z2 basal potash can have a 

profound inf luence on seismic geometry.  Along the northern margin of  

the Southern Zechstein Basin , the precipitat ion of potash salts can 

mimic an exaggerated Z2 Hauptdolomit Fm. shelf  margin. As consistent  

precipitat ion condit ions  are evident  in the Northern Zechstein Basin , any 

potent ial Z2 dr i l l ing targets could be inf luenced by this same 

phenomenon.  

•  Potent ial salt  cavern development prospects should cont inue to target 

the homogeneous Z2 Stassfurt Hal ite Fm. in the Southern Zechstein 

Basin; however, this formation should be avoided in the Northern 

Zechstein Basin due to l imited hal ite volumes and heterogeneity .  

Brackenridge et al.  (2023) analysed the suitabi l i ty of the Forth 

Approaches Basin for cavern development. They f ind that only the Z3 

Leine Hal ite Fm. and Z4 Al ler Halite Fm. demonstrate suitable evapor ite 

thicknesses for cavern development. Whilst our study provided no 

concrete assessment of halite pur ity, the results al low for a tentat ive 

extension of  this assessment across the ent ire western region of the 

Northern Zechstein Basin . Having said this, the petrophysical data 

presented in this study suggests that hal ite found elsewhere in the 

Northern Zechstein Basin  could be far purer than that of the Forth 

Approaches Basin which creates opportunit ies for further research.  

•  Thickness discrepancies between evaporite bodies may not always 

relate to their posit ion in the carbonate -evapor ite shelf  model. Rather,  

they could correspond to marine pathways and indicate other sources 

of seawater replenishment.  The workf low used in this study could be 

applied to other marine connect ions in semi-restr icted basins that lack 

detai led seismic data.  



•  Reflooding events in semi-restr icted basins are often very sudden which 

can result  in an absence of the transgressive systems tract.  Hence, roof 

anhydr ites may provide good chronostrat igraphic markers for  regional 

correlat ion.   

 

6. CONCLUSION 

Reinterpretat ion and integrat ion of publ icly avai lable petrophysical datasets 

with newly acquired seismic data has verif ied the existence of a marine 

seaway (Jenyon’s Channel)  which connected the Northern and Southern 

Zechstein Basins and inf luenced Zechstein facies distr ibut ion. Whilst great 

volumes of Z2 halite reside within the Southern Zechstein Basin , results show 

that this facies remains l imited within the Northern Zechstein Basin .  

A thin water column submerged the MNSH structure dur ing the Z2 sea-level 

highstand. During the subsequent Z2 lowstand, the only marine connect ion 

between the Northern and Southern Zechstein Basins  was the narrow MNSH 

Seaway which acted as a gateway to the south.  Although very restr ict ive, it  

did al low suff ic ient replenishment of seawater to provide the source of sodium 

chloride required to precipitate the vast Z2 halite deposits found in the 

Southern Zechstein Basin . The Northern Zechstein Basin  remained connected 

to the normal salinity of the Boreal Seaway, and hence marine replenishment  

l imited the precipitat ion of the Z2 hal ite found there.  

The results highl ight  how this marine connect ion and relat ive sea -level r ise 

halted the deposit ion of early Zechstein carbonate platforms (such as the 

highly prospective Orchard Platform) and left  them entombed in Z3 and Z4 

hal ite.  



As such, understanding the true nature of this marine connect ion is important 

for MNSH hydrocarbon explorat ion especial ly if  future efforts look to expand 

the Hauptdolomit play into the northern reaches of the MNSH carbonate 

platform based on successful analogues to the south. Similarly, a regional 

understanding of the controls on Zechstein salt  wi l l  be important for the 

development of subsurface storage sites in salt  caverns.  Ult imately, the 

workf low used in this study could aid future investigations of ma rine gateways 

in semi-restr icted basins that have l imited seismic coverage.  
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