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The Blue Anchor Formation represents a 
time period immediately prior to the 
earliest phase of the End-Triassic Mass 
Extinction (ETME). It therefore o�ers a 
unique opportunity to yield more 
information on the timings and causes of 
the ETME, and constrain timescales 
across and within the extinction event.

The formation has been neglected since 
the 1980s, and studies have largely been 
undertaken on outcrop sections in 
southwest England. Coring in the ICDP 
JET project (1) at Prees, Cheshire Basin, 
England, creates a novel opportunity to 
study the formation in unprecedented 
detail with the use of geochemical 
datasets.
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The Cheshire Basin formed during 
Permo-Triassic rifting of the 
supercontinent Pangaea (2) with in�ll 
primarily controlled by fault-related 
subsidence of the bounding Wem-Red 
Rock fault system (3). 

During the Late Triassic, Britain lay 
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The uppermost Mercia Mudstone 
contains the Blue Anchor Formation. It 
records a transition from ephemeral 
playa-lakes and saline mud�ats in the 
underlying Branscombe Formation (6)  
to marginal marine muds in the 
overlying Westbury Formation of the 
Penarth Group (1, 7). The formation has 
classically been interpreted as deposited 
in supra- and intertidal sabkha 
environments with a sporadic link to the 
open sea (8, 9, 10). As such it records the 
widespread Rhaetic marine 
transgression documented across much 
of Europe (8, 11). 
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Millimetre-scale sedimentological 
analysis of the Prees 2C core alongside 
X-Ray Flouresence (XRF) analysis were 
used to de�ne lithofacies, facies 
associations, and determine a 
depositional history of the formation. 
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Plots of XRF data against depth
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Facies
1: Massive Calcareous Mudstone
2: Laminated Calcareous Mudstone
3: Silty Sandstone
4: Microbial Limestone
5: Brecciated Calcareous Mudstone
6: Small Cracked Bed Boundaries
7: Large Cracked Bed Boundaries

Gradual, cracked boundary
Gradual boundary
 

Sharp boundary
 

Erosional boundary
  

Sharp uneven boundary
Uneven wavy boundary

Boundaries Lithologies
Conglomerate
Sandstone
Calcareous Sandy Siltstone
Sandy Siltstone
Calcareous siltstone
Siltstone

Legend
Pyrite nodules 
Pyrite nodules enclosed in darker material
Mudcracks
Brecciated appearance
Clasts
Clasts of laminated siltstone
Colour mottled texture

Laminations - parallel, wavy or irregular
Lenses of coarse material
Lenticular bedding
Wavy laminated bedding
Gypsum
Current ripples
Wave ripples

 

Sedimentary structures and textures
Dispersed sand grains
Syn-sedimentary faults
Teepee structures
Rootlets/pedoturbation
Bioturbation
Large colour mottles
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1 cm

Mineralogical 
composition

Peaks in XRF data suggest Microbial Limestone is dominantly 
composed of Calcite with minor Strontianite. Although Mg and 
Ca covary, the Mg/Ca ratio is typically < 0.01 - much lower than 
the threshold for Dolomite formation (> 0.7)(12), indicating no or 
low Dolomite content. Troughs in Fe indicate absence of Siderite.
 

Peaks in XRF Sr, Ba and S counts in algal mats (facies 4) indicate 
displacive growth of evaporite minerals Celestine, Barite and 
Gypsum, as previously documented in recent sabkhas (13, 14).

 �  Branscombe Mudstone deposited in ephemeral lakes and extensive 
saline mud�ats. Highly evaporative, hypersaline environment (6). 

�� Base of Blue Anchor: sediment colour change from red to 
grey-blue-green. Groundwater recharges through relative sea level rise 
or rainfall increase; lakes become perennial. Occasional beaches.

�����616 mccd: algal mats (facies 4) indicate upper intertidal association. 
Relative sea level rise converts lakes to lagoons. Surrounding supratidal 
mud�ats host sabkhas, some develop palaeosols. Arid, evaporative 
conditions cause desiccation (facies 7). Monsoons periodically wash 
away sabkha salt deposits. Occasionally �oods dissolve buried salts 
forming collapse breccia (facies 5).

����Abrupt sea transgression erodes uppermost Blue Anchor, deposits 
Westbury Formation shales above through hemipelagic settling. 
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  Celestine     

  Barite     
  Gypsum     

    

Strontium peaks
Barite peaks
Sulphur peaks
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    Calcite      

     High-Mg Calcite/Dolomite      
     Siderite      

    Strontianite      

�
Calcium peaks
Magnesium peaks
Iron troughs
Strontium peaks

Model of environmental change
The Blue Anchor Formation records a transition between the Branscombe Mudstone and the Westbury Formation, 

preserving three distinct environmental changes.

�����

 ��

�

�������

7 Lithofacies are identi�ed in the Blue Anchor Formation. Massive calcareous mudstone, laminated calcareous 
mudstone, silty sandstone, microbial limestone and brecciated calcareous mudstone record deposition in 
lacustrine, lagoonal, intertidal and supratidal environments within an overall sabkha setting.  Small cracked 
mudstone evidences synaeresis: recurring salinity changes in either pore or surface waters throughout 
deposition. Large cracked mudstones evidence terrestrial hiatuses and desiccation after shoreline progradation 
in evaporative and hypersaline conditions.
�

Elemental data suggests a lack of dolomite formation in the Blue Anchor Formation Sabkha. This displays a system 
similar to the low-dolomite Al-Khiran sabkha (12) and unlike the classic dolomite-rich Arabian Gulf Sabkhas.
�

The formation records a three-phase transition from a continental to a marine system. First, groundwaters 
increased signi�cantly enough, either through increased rainfall or relative sea level rise, for ephemeral lakes to 
become perennial. Second, relative sea level rose further, converting perennial lakes to a lagoonal system. Cyclical 
occurrences of subaqueous, intertidal and supratidal deposits indicate variable relative sea level. Finally, relative 
sea level increases dramatically, likely eroding the uppermost Blue Anchor Formation.
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Megamonsoons cause �ooding

Megamonsoons cause �ooding

Flood recharge of ocean and monsoon waters

Flood recharge of ocean and monsoon waters
Perennial lakes

Groundwater from crystaline uplands

Groundwater from crystaline uplands

Groundwater from crystaline uplands

Lagoon

Ephemeral lakes

Intertidal Range
Storm High Water MarkSalt Flats (Sabkhat)

Algal Mat (facies 4)Groundwater Flow
EvaporationRain
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Ranns of Kutch, India (16)
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