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Lin Ma Hang Lead Mine

蓮麻坑礦洞
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1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views

The Caverns

Hong Kong

Shenzhen Location: 
• North of Robin’s Nest, 

abutting Sha Tau Kok

Closed Frontier Rd at the 

border with  Shenzhen

Ecology:
• SSSI for important bat roosting 

site

• >10 species in the caverns & 

adits

History:
• Operated mid 19th century to 

1962 by various operators

• Series of adits with >2130m 

tunneling 

• Excavated at different levels with 

multiple adits/shafts

Geology: 
• Coarse ash crystal tuff of Tai Mo 

Shan Formation, Mid-Jurassic, 

subject to low grade regional (& 

some contact) metamorphism 

• Ore vein dipping 15o to vertical, 

from cm to several metres in 

width

Ore Minerals:
• Galena - main economic ore –

sphalerite (Zinc) secondary

• Ore containing 10% lead

• Estimated 16,000 tons of lead 

& 10,200 kg of silver 

• Iron Pyrite (Fools Gold)

• Magnetite (Iron)
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Meinhardt was appointed by CEDD of HKSAR Government 

to provide professional services to revitalize the existing Lin 

Ma Hang Lead Mine cavern, complete natural terrain hazard 

studies to make the accessible area safer for the public & 

create an open museum as proposed by  AFCD. 
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Lin Ma Hang 
Lead Mine 

Revitalization

Geotechnical

Civil & 
Structural

DrainageElectrical & 
Mechanical

Landscaping

Involved disciplines:

Panoramic View of Lin Ma Hang Main Cavern (before works)



Some successful revitalized caverns elsewhere…
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Mammoth Cave System in Kentucky, USA 

(Palmer, 2016)

- carbonate rock
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Cappodocia in Central Anatolia -Turkey

(Erguvanli & Yüzer, 1978)

- soft pumice & volcanic tuff 



Essential components to consider for revitalization

6

1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views

Heritage 
Protection

Geotechnical 
Safety

Educational 
Elements

Ecological 
Sensitivity

• Located in proximity to 
SSSI

• Important bat roost in 
Hong Kong

• Minimal geotechnical 
works for the cavern –
in general unlined for 
landscaping reason

• As an open museum
exhibiting the mining 
history of Hong Kong

• The revitalization works 
shall pose minimum 
damages to the heritage.

• Maintain authenticity of
heritage
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Lin Ma Hang Lead Mine Cave

Geology

Tai Mo Shan Formation (Jtm)

• Coarse ash crystal tuff (粗粒晶凝灰岩)

• Formed around 170Ma

Key Ore Minerals

• Galena [Lead Sulphide PbS]

• Sphalerite [Zine Iron Sulphide (Zn, Fe)S]
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Sewell RJ et al, Hong Kong Geology: A 400-million year journey, CEGG, Gov of HKSAR, 2009. Chapter 8, Economic Geology – Minerals and Mines in Hong Kong.
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Flotation cells inside mill. Galena froth generated in process. 

(Williams 1991)

View of mining compound in ruins in 

1950s (Davis & Snelgrove 1964)

Main Office

Tailings Dump

Brief History Lin Ma Hang Lead Mine Operations

View of mining compound in 1938 – south from the Chinese border (Williams 1991)

Ore Chute

Mill Building

Workshop

Sluice box in 1954 (Davis & 

Snelgrove 1964)

Sluice box

Sluice man

Professor S.G. 

Davis

Mine operations 

commenced -

Portuguese Workings

1860 1917

Mining company 

was established

75-year lease  issued to 

Morrison Brown Yung by 

Government

1925 1937 1940

Extraction activity halted due 

to WWII. Japanese -adhoc

small-scale operation

1945

Japanese surrender. Site 

abandoned. Mill & other 

buildings stripped

1951 1954 1958 1962

Mine suspension due 

to shortage of labour & 

fall in lead price

HK Government 

revoked the mining 

lease

1953

Mine contracted to 

Foo Yuen & Co.

1924 1945
1938 1954
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Lease transferred to Hong 

Kong Mines Co. Ltd. >500 

miners 

Mine reopened  

contracted to 

Tonley & Co

Mine  transferred 

to Hong Kong 

Mines Co. Ltd.
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(using education panel)

Education Panel erected on site
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Before Works

Gallery

Atrium

Adit A6A Adit A6B

AtriumCavern Gallery
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Main Features & Some Mine Hazards to the Public

Cavern Gallery

Cavern Atrium Tailings

Grilles Adits Shafts

Retaining Walls > 3mSubsidence –
Crownholes
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The Open Pit 

Old & New Military/Security

Old Explosives Store
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The Cavern Gallery

Adverse weather
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View from Inside Adit 2 Grille into the Gallery Keyed Access through the Grilles
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Exciting Aerial Photographs in 3D – 1924 & 1945

Ope

n 

Cut

Cavern

1924

Open Cut

Cavern

1945

Open Cut 
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Comparison 2021 Colour 3D & 3D LiDAR
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Full 3D Lidar 

1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views

18



3D LiDAR Configuration of Cavern, Atrium & Adits
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(Leung et al., 2022)

3D Configuration of the mine was 

obtained through the use of handheld 

laser scanner. Georeferenced point 

cloud data was obtained during the 

walkover.

This allows us to 

➢ understand the geometry of the 

cavern and adits, and identify the 

area of concern;

➢ obtain the geometry for kinematic 

analysis & stability assessment.
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Rock Condition in Cavern
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Slickensided Joint

Open Subhorizontal Joint

1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views

Open Joint

Presence of persistent 

subhorizontal joints 

leading to formation 

of slab at the roof 

Undermined Pillar



Other Features in Cavern
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~20m deep shaft

1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views

*Behind the Grilles

Haphazard works with 

limited stabilization
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Buttress

Buttress

Cavern Gallery (View V1)
V1

Mesh & Dowels in 

Cavern Gallery

Dentition, Shotcreting & 

Wire Mesh for the Adit

As-built Precautionary & Mitigation Measures for the Cavern & Adit
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Major Adopted Mitigation Measures against the Identified Risks

Open Joint

Presence of persistent 

subhorizontal joints 

leading to formation of 

slab at the roof 

Undermined 

Pillar

Rock Dowels Wire Mesh

Buttress



Challenges

Lin Ma Hang, as located in a remote and ecological sensitive area, multiple technical challenges and 

construction challenges have been encountered in different stages of the project.
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Technical Challenges Construction Challenges

Assessment for rock stabilization Logistics

Balancing robust geotechnical works with resultant 

visual impact

Dowel Installation in proximity to Site of Special 

Scientific Interest (SSSI)

Maintain authenticity of heritage



Technical Challenges - 1
1) Assessment for rock stabilization

◦ 8m high & 19m wide with limited access to rock face during initial investigations

Solution

➢ Adopted NGI Q System (NGI, 2022) for rock mass assessment & pattern rock dowels

➢ Additional spot dowel & verification of pattern dowel locations during construction to cater for 
local instability

➢ Innovative use of hand-held laser scanner technology to capture geometry for stability assessment, 
i.e. kinematic analysis for roof & pillar + Limited Equilibrium Analysis for pillars
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1. Introduction 2. Site Context 3. Technical Challenges 4. Construction Challenges 5. Final Views
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Technical Challenges - 1
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• Locally persistent discontinuities near southern portion of main cavern in which no rock-wall contact recorded & 

infill  >50mm in thickness

Appeared intact & strong at distance, but easily 

crumbled by hand 

– Solution: required protection with wire mesh -

shotcreting not preferred option for landscaping 

reason

Close-up of rock face after wire mesh
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Technical Challenges - 2
2) Balancing robust geotechnical works with resultant 

visual impact

◦ Neither concrete or shotcrete lining utilized to maintain 

authenticity of  mine appearance 

Solution

➢ Provision of suitable rock coloured pigments to rock dowel 

head & wire mesh to blend in with the rock colour

➢ Provision of artificial rock cladding for concrete surfacing 

works
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Example of Artificial Rock Cladding
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Construction Challenges - 1

1) Logistics

◦ “998 STEPS” without vehicular access to reach site at 

+181mPD

➢ Solution:

- Deployed airlift operations by helicopters for 

material/machinery delivery & removal of construction 

waste
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Construction Challenges - 2
2) Dowel Installation in proximity to Site of Special Scientific Interest (SSSI)

▪ Unique & important habitat for bats with great ecological value in Hong Kong
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中華菊頭蝠
Chinese Horseshoe Bat

南長翼蝠
Bent-wing Bat

棕果蝠
Leschenault’s RousetteBat
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Construction Challenges - 2
2) Dowel Installation in proximity to Site of Special 

Scientific Interest (SSSI)

I. Coring

◦ Utilize electrical coring machine with water flushing, enclosed 

by tarpaulin sheeting for noise & dust reduction

◦ → Minimize disturbance to bat populations
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Safety Net

Coring Machine with 

tarpaulin sheeting



Construction Challenges - 2
2) Dowel Installation in proximity to Site of Special 

Scientific Interest (SSSI)

II. Grouting

◦ Presence of interconnected joint networks & blast-induced open 

apertures create difficulties in grouting

◦ → Multi-stage grouting procedure 

i. Using more diluted grout at beginning to seal joints & cracks

ii. Using typical cement-water ratio grout for grouting dowels

◦ →Additional benefit: Reduction of water ingress into the Caverns 

Gallery
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Grouting works in progress

Upward dowels, with 
the front sealed

Grout pipe to 
grouting pump

Grout pipe for 
checking



Construction Challenges - 3

3) Maintain authenticity of  

heritage

▪ Exposed concrete surface  

inharmonious & damages to 

original mine heritage appearance
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Construction Challenges - 3

3) Maintain Authenticity of Heritage

➢ Solution

- Holistic finishing & landscaping

I. Brown pigments for dowel heads & wire mesh 

i. to blend in with the rock colour of weathered tuff in 

association with iron staining
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Wire Mesh

Dowel Heads
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Construction Challenges - 3

3) Maintain Authenticity of Heritage

II. Artificial Rock Cladding for Concrete Surfacing – Buttress B1
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Before installing the claddings After installing the claddings



Construction Challenges - 3

3) Maintain Authenticity of Heritage

II. Artificial Rock Cladding for Concrete Surfacing – Buttress B2
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Before works After installing the claddingsBefore installing the claddings



Construction Challenges - 3

3) Maintain Authenticity of  

Heritage

III. Preservation of Geological 

Features of Special Interest –

Faulting - Mylonite Zone
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Fault Location

(covered with shotcrete)

Exposed fault material, with 

mylonitic texture

Coarse Ash Crystal Tuff

As the fault zone is almost 1m wide, it poses threat to stability 

of the overlying material. Therefore, shotcrete is applied on 

its surface to prevent further erosion and deterioration. 

- Buttress has also been constructed to support the rock mass 

at the footwall.
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View along Strike Side View



Summary
Project Team overcame Technical Challenges 
& Construction Challenges leading to 
successful completion 
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Technical Challenges Construction Challenges

Assessment for rock 

stabilization
Logistics

Balancing robust 

geotechnical works with 

resultant visual impact

Dowel Installation in 

proximity to Site of Special 

Scientific Interest (SSSI)

Maintain authenticity of 

heritage

Major works  completed two months earlier than 

contract completion date & opened

30 December 2024
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Final Views – Cavern Gallery & Atrium
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Final Views – Adit A6B
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