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Stratigraphy

» Triassic evaporite and mudstones
= Wet rockhead
» Dissolution geohazard - voids
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Figure from Worsley, 2008

BOUNDARY OF DRY ROCKHEAD

ZONE OF GROUNDWATER
CIRCULATION

Ma| GROUP FORMATION STAGE / AGE
RHAETIAN (part)
210+ Blue Anchor
NORIAN
Brooks Mill Mudstone
220+
MERCIA
MUDSTONE
Wilkesley Halite CarlAN
230+
Wych Mudstone | WAPINIAN
“Byley Mudstone
Bollin Mudstone (part)
240 Tarporley Siltstone

Figure adapted from Wilson, 2003
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Dissolution Mechanism

» Five main karstic rocks in the UK;
dolomite, limestone, chalk, gypsum
and salt

Salt karst ‘
(Triassic)
Gypsum karst

(Permian &
Triassic)

Chalk karst -
major aquifer
(Cretaceous)

Limestone karst
(Carboniferous
& Jurassic)

Dolomite karst
(Permian)

ncreasing
solubility and
dissolution rate

Figure from Cooper, Farrant and Price, 2010

Video from BGS YouTube Channel, 2013
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Dissolution Mechanism

* The relative density of fully saturated brine is 1.2 - freshwater floats on top of it
= Interface forms a “protective blanket”

Ground Level

GT
10m bgl I

Fresh / under saturated

——————————————————————————————————————————— Groundwater interface

60m bgl

Brine / saturated
=~ LS |

o WHM e
Semi-static voids within WHM?
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Influxes of hypersaline water

—>

Geohazards

* Geological _ - - -

Mudstones
processes = - — —
associated

. d \ ¢ d 'g
Wlth R ¢ " & d Halite
previous l _—

. . 1. Initial Deposition (Triassic
dissolution ’

B ~——"

Glacial Deposits
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- i~ Mudstones
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3.  Localised dissolution and upward migration (Anthropogenic)

Glacial Deposits

2. Formation of voids within halite

Glacial Deposits

4.

+ ¢ +F & ¢~ &

Halite

Regional subsidence with large drawdown of brine interface
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Localised - Anthropogenic T
* Brine extraction from 1800s to 1970s PN .ﬁf@* . *&o"z *

* Frequent catastrophic collapse

Photographs from Worsley, 2008
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» Lowering of interface with major head of water during glacial retreat

ROCKSALT

GLACIER
BRINE ROCKSALT

BRINE
FRESHWATER

WATER TABLE

WET ROCKHEAD

_ Emplacement of Glacial freshwater.
scindl rebound of saline

Figures from Howell and Jenkins, 1974
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Ground Investigation Strategy

= There isn't masses of freely available literature or previous Gl case studies
= Used multiple techniques for a “lines of evidence” approach

= Started at desk study — any movement shown on LiDAR data? Ponds appearing and
disappearing on historical maps? Are any of these near the proposed bridges.

» Phases of Gl scheduled to best determine where to locate boreholes
— Phase 1 “Surface Geophysics”
— Phase 2 “Deep intrusive and downhole geophysics”
— Phase 3 “Shallow intrusive”

= Results from each phase informed the subsequent phases for a targeted Gl

14 Ground Investigation Strategy ©Jacobs 2023
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Ground Investigation — Localised Subsidence

= Non-intrusive investigation
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Ground Investigation — Regional Subsidence

* Intrusive investigation
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Ground Investigation — Assessing Void Risk

2. Mico Gravity (Filtered) l 3. Sonar Cavity Scan % 4. .;.releviewer Data
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Historical Groundwater Impact - Recap

» Regional dissolution has developed the collapse breccia
= Anthropogenically induced dissolution has developed local subsidence features
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Figure from Worsley, 2008
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Potential Future Groundwater Impact

= James Hutton's principle of uniformitarianism — “The present is the key to the past”
(+ future)

Figure from Wikipedia, 2021 Figure from Cooper, Farrant and Price, 2010 Microsoft Stock Image, 2021
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Summary

* The impact of groundwater has been
profound on the Middlewich site

* Changes to the groundwater regime
has led to dissolution of the Wilkesley g
Halite Member

= Dissolution has led to collapse in the
overlying Brooks Mill Mudstone

* Ground investigation agrees with the
hypothesis

» Latent background risk associated
with soluble strata

22 Conclusions ®Jacobs 2023



Conclusions

Groundwater has had a profound impact on the surface geomorphology and
subsurface characteristics of the stratigraphy beneath Middlewich

Understanding the geological and groundwater processes that have induced

historical dissolution is fundamental in assessing the future risk of subsidence at
Middlewich
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CALL FOR VOLUNTEERS!

Engineering Group of the Geological Society -
Early Career Subcommittee

Chair

Currently asking for
volunteers to fill Main Committee Engineering Group of Geological Society (EGGS)
vacancies on the EGGS
EC subcommittee.

Vice Chair Secretary

Members Treasurer

4 people have expressed
interest for the 7 roles

(although none of the
roles are confirmed). Subcommittees Working Parties

Training & EGGS Field Early

Publicity

CPD Conference Meetings Careers

Contact for info:

Josh.Dunlop@jacobs.com =TT .

or speak to me afterwards E .E
subcommittees
24 Academic Liaison Training & CPD

Members of the Chair Vice Chair
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