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History:
+ Operated mid 19t century to

1962 by various operators

+ Series of adits with >2130m
tunneling

« Excavated at different levels with
multiple adits/shafts

* Shanzhen] L ocation:

o * North of Robin’s Nest,
abutting Sha Tau Kok
Closed Frontier Rd at the

border with Shenzhen

T ST T Geol ogy:
. ; ‘ /L« Coarse ash crystal tuff of Tai Mo
The Caverns ‘\_Ci,‘_,.y g Shan Formation, Mid-Jurassic,

subject to low grade regional (&
some contact) metamorphism
[  * Orevein dipping 15° to vertical,
S X L= fromcm to several metresin
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)

Ecology:
+ SSSI for important bat roosting
site
+ >10 species in the caverns &
adits
Do sussnniasrnuase 3
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Involved disciplines:

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 &

i/  Lin Ma Hang

Lead Mine
Revitalization /

/Civil&
| Structural)
B\
i /

create an open museum as proposed by AFCD. /

Electrical &

Mechanical e

Panoramic View of Lin Ma Hang Main Cavern (before works)
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Some successful revitalized caverns elsewhere...

Mammoth Cave System in Kentucky, USA Cappodocia in Central Anatolia Turkey
(Palmer, 2016) (Erguvanli & Yuzer, 1978)
- carbonate rock - soft pumice & volcanic tuff
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Essential components to consider for revitalization

 The revitalization works

.. - - * Minimal geotechnical
shall pose minlmum Heritage Geotechnical works for the cavern —
* Maintain authenticity if' PrOteCtlon Safety in general unlined for

landscaping reason

heritage

* Located in proximity to

b Educational Ecological sssl |
history of Hong Kong Elements Sensitivity | —

ﬁ\ %‘i&%iﬁﬁlﬂﬁ%ﬁﬁ
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Geology
Tai Mo Shan Formation (Jtm)
« Coarse ash crystal tuff (K 5558 K =)
« Formed around 170Ma

Key Ore Minerals
» Galena [Lead Sulphide PbS]

« Sphalerite [Zine Iron Sulphide (Zn, Fe)S] 1 .
o

e
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Mines described on the INDHHK
Website i:

Lin Ma Hang Lead Mine

Ma On Shan Iron Mine )
Needle Hill Tungsten Mine Q)
Silver Mine, Mui Wo, Lantau 7 ;
West Brother Island Graphite Mine :
Lin Fa Shan Tungsten Mine X1 o
Sha Lo Wan Tungsten Mine ‘

Lam Tsuen Lead Mine AJ

DN A WN =

O Legene

u Mine (Abandoned)
O  romerProspect

Source: CEDD Economic Gealogy - Minerals and Mining in Hong Kang
hitp//hkss cedd gov.hvhkssieng/education/G S/eng /hkg/chapler8 htm

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.

z
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1924 1945

1938 1954

Brief History Lin Ma Hang Lead Mine Operations

® 500 ® v @ 125 @ w37 @ 140 @® 15 @ 51 @ 1953 @ 15 @ 8 ® 1

Mine operations Mining company 75-year lease issued to Lease transferred to Hong  Extraction activity halted due Japanese surrender. Site Mine reopened Mine contracted to  Mine transferred Mine suspension due HK Government
commenced - was established Morrison Brown Yung by Kong Mines Co. Ltd. >500  to WWII. Japanese -adhoc abandoned. Mill & other contracted to Foo Yuen & Co. to Hong Kong to shortage of labour & revoked the mining
Portuguese Workings Government miners small-scale operation buildings stripped Tonley & Co Mines Co. Ltd. fall in lead price lease
I I
————————————— A —_—— -

View oEJ'nining compound in ruins in
1950s (Davis & Snelgrove 1964)

% “Tuice box - ¥V

Sluice box in 1954 (Davis &
Snelgrove 1964)

View of mining compound in 1938 — south from the Chinese border (Williams 1991) Flotation cells inside mill. Galena froth generated in process.
(Williams 1991)

References:

Davis, S. G. (1964). Symposium on Landuse and Mineral Deposits in Hong Kong, Southern China and South East Asia— Proceedings, HKU, pp. 263

Williams, T. (1991). The Story of Lin Ma Hang Lead Mine, 1915-1962. Geological Society of Hong Kong Newsletter, 9(4). pp. 3-26.

Mellor, T. (2021, January 9). Lin Ma Hang Mine Part 1 — The Early Years. The Industrial History of Hong Kong Group.https://industrialhistoryhk.org/lin-ma-hang-mine-part-1-the-early-years/.

Mellor, T. (2018, January 30). Lin Ma Hang Mine Part 2 — The Yung Years. The Industrial History of Hong Kong Group.https://industrialhistoryhk.org/lin-ma-hang-mine-part-2-the-yung-years/.

Mellor, T. (2018, April 27). Lin Ma Hang Mine Part 3 — Exploitation. The Industrial History of Hong Kong Group.https:/Industrialhistoryhk.Org/Lin-Ma-Hang-Part-3-Exploitation/.

5. Mellor, T. (2018, May 30). Lin Ma Hang Mine Part 4 — Decline and Closure. The Industrial History of Hong Kong Group. https://industrialhistoryhk.org/lin-ma-hang-part-4-decline-and-closure/.
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Education Panel erected on site

s R E

Mining History

N 1860 ERLTRREMTINGEE -
Signs of mining operation commenced.

B 1917 FWMARERRT - HN - G - WBETEET
ggsmmn ROFBMEREER - ®2H
The official establishment of the mining company. Sir Catchick
Paul Chater wiote to the Director of Public Works for the
application of a prospacting lkcense for lime, gold and coal In
Sha Tau Kok Mining District

B 1925 H{URENGHEHINGEARS LRATHY -
BAESIAS RN I - W R TR
LREHeE -

Morrison Brown Yung, the first westem
trained Chinese Mining Engineer, was
the first to expand the Lin Ma Hang mine
Into a commerclal operation through the
Intreduction of modern methods to
extract lead ore,

BEE Morrison Brown Yung P

1930-1940s

RONOROCACONOROCORARS
RONCRANBRONANANA

1860-1920s
RAREESEER RRa®
Maximum Annual Production
of Lead Concentrate 1927 | A50Mtonnes

FWALRE L RE TREREGG
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19363 10395 ZARA) MEBSFHE - HETIGH EilE3,000
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108k - M5 E 0] EESOMME - HERME2258 -

193854]) » BTS00 HTA - P300S AR ST L
fE - EMASENRE - MINETRERN - BF1939=
105 MAEES - AU E2,0008.TA =

1936 to 1939 was the heyday of mining, with an average annual
output of more than 3,000 tonnes of refined lead and mom than
60,000 oz (L2, 1,700 ka) of siher. with booming development of the
mine, ore concentrator was built In
October 1937, which Inttially processed
50 tonmes of o per day and
subsequently Increasad to 225 tonnes
At the beginning of 1938, there were
about 500 miners at the Lin Ma Hang
Mine, of which more than 300 worked
undemground. The mine reached its most
prosperous time, with over 2,000 miners
In October 1939,

19388 WU P
Mill Buildingin 1928

1936 | 3,6008tonnes

- EEHE
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-BE
ERH

EERER R
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o 19508 (AT

W 1941 ZHMR - SEHIHELARBEE
WLURER 2R - I BN IS R E N - 3F
AOAEENEARE  METHELON S - X8 -

BRERTRE - FHRaNEH RN -

when wWwil broke out, the government requisitioned mining
equipment fromthe minesto bulld air raid sheltersin preparation
fior the war. Additionally, the Japanese forces blockaded the
coastal waters of South Ching, significantly Impacting shipping In
Hong Kong, which disabled the export of minerals to other
regions. The lapanese then took over the mine and forced

villagersto work there.

B 1945 WM SUHEY) H1 BT BRITRR BN i Th 23R E WA0RE

BESE - RN -

un Ma Hang villagers joined forces with the Antklapaness
guerrillas. They successfully drowe away the Japanese and

damaged the mine. The mine was abandoned.

1941-1945

AN AIIANN
CEARARARAN

R

EED

55>
@IS

7| amBsEt
w.;zemm .
SHEE - FEE
BEE - AIEL
CASEEE -

MINER'S LIFE
“The miners were mainly
ki villges nesé e mioeh 15

nambes of
"‘mmmummmgy«ﬂ alasge
o Py oymen peoblem in Hong Kong 2¢

Mill Buildings in 19505

PR R R

3,0008§tonnes
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W 1951 R E S R Tonley & Co. ¥ » HECHRIAN
1760 -

Mine reopened and was contracted to Tonley & Co. Production
of refined lead was drastically reduced to 176 tonnes.

B 1958 AGEEWN WM AEEE RN - oW

AR AR - REtFEES - BRI TR
ITHHFEAMAR SRARTOTENELARE
HEEURE REATHIESE - YRRAET
HETHE -

The rik of callapse at the top of the mine Increased as the
Japanese over-exploited the ore In the pillars. At the same
time, s the price of lead fell and workers went on strike, Hong
Kong Mines Co. Ltd, the mining company that subsaquently
took over, lacked sufficient fund to repair the mine, They
finally deciad to close the mine, which was then guarded by
only 3 watchmen.

B 1962 gummulnm TR R

EREERIE - REWERR -
Hong Kong Mines Co. Ltd. was unable to restart the mine. The
mine was continued to be abandoned. The government
decided to cancel the mining lease and take back the mine.

1950-1962
L-3- 33342}

752¥tonnes
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Before Works

Level 3 Adits(+1

“ Level 2 Adit (+90mPD)
e ) 9 . - . .
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Main Features & Some Mine Hazards to the Public

Cavern GaIIery.

N
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OId Exploswes Store !

2 TR L W S "E-Tige‘m
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_
%

.

The Cavern Gallery

Adverse weather

> 1A
7 IR - IR b
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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

AGS (HK)|  ASSOCIATION OF GEOTECHNICAL &
TN GEOENVIRONMENTAL SPECIALISTS (HONG KONG)
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1. Introduction . 2. Site Context > 3. Technical Challenges- 4. Construction ChaIIer_ 5. Final Views -
Comparison 2021 Colour 3D & 3D LIDAR

Old Open Cut
aft/Adit

F*f Mine Cavern
L

——=——— Tailings Déposits

Level 5°Adit
Entrances

AGS (HK)|  ASSOCIATION OF GEOTECHNICAL &
R GEOENVIRONMENTAL SPECIALISTS (HONG KONG)
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Full 3D Lidar
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3D LIDAR Configuration of Cavern, Atrium & Adits

*  Overall geometry and connection

< 5 2
between Caverns and adits

N \ Level 5 14 © - Configuration of the Caverns:
(™ \ g/ '-. [ / . -
QN ook ;
N

.

3D Configuration of the mine was
obtained through the use of handheld
laser scanner. Georeferenced point
cloud data was obtained during the
walkover.

=
3
P

-~

Grille
i

4 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.

Level 6: Elevation +183mPD e Interior View of scanned Caverns & Adits - . (Leung et aI., 2022)
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Rock Condition in Cavern

Presence of persistent
subhorizontal joints
leading to formation
ofslab at the roof

FWALRE L RE TREREGG
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GEOENVIRONMENTAL SPECIALISTS (HONG KONG)
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Other Features in Cavern

Haphazard works with
limited stabilization

i "

- *Behind the Grilles

i%
=
B

5 ASSOCIATION OF GEOTECHNICAL &
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As-built Precautionary & Mitigation Measures for the Cavern & Adit

Dentition, Shotcreting & 3~s.~r@ N
Wire Mesh for the Adit |~ Racrtl
7/ f - |
/
X0 :
iy ! Buttress
./ SNE-A/C 78
/ ) \\_
@ Q\/P%N\
' (/ ¥4 i 3* ,l'
/i - g /
TO LIN MA HANG VILLAGE /s A ,’
/\/ 7 z
Mesh & Dowels in
-----4 Cavern Gallery A
1/5/ Cavern Gallery (View V1)
7 ik N SUBSIDENCE |
&/ CROWNHOLE
Poag sernsianrannse 22
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Major Adopted Mitigation Measures against the Identified Ri

Presence of persistent
subhorizontal joints
. leading to formation of
| slab at the roof

AR

Rock Dowels Wire Mesh

= FWE L RE LR TGS
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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.

Technical Challenges Construction Challenges

Assessment for rock stabilization Logistics

Balancing robust geotechnical works with resultant Dowel Installation in proximity to Site of Special
visual impact Scientific Interest (SSSI)

Maintain authenticity of heritage

AN
k B LR BT 24
S(HONGKONG)
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Technical Challenges - 1

1) Assessment for rock stabilization
o 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,
l.e. klnematlc analysis for roof & pillar + Limited Equnlbrlum Analysis for pillars

@} E%%i&%iﬁﬁlﬂﬁ%ﬁﬁ
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Technical Challenges - 1

1) Assessment for rock stabilization
o 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

z

\A\(’} FWE L RE LR TGS
(HK) ASSOCIATION OF GEOTECHNICAL &

A Al 2 6
\\\\ EOENVIRONMENTAL SPECIALISTS (HONG KONG)



N

Al

z

\

GS (HK)

NN\

1. Introduction

> 2. Site Context

> 3. Technical Challenges

> 4. Construction Challenges
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Technical Challenges - 1

Agreament No. CE222020 (GEB Face Mapping Racord
Propct Namae: Revitalizadon of Lin Ma Hang Lead Mine Caves - IDC Tunnal Heading: 2
Contract No. lChainage; lExcavation: NA lDa!e of excavation (dd/mm/yyyy)
ROCK MASS DESCRIPTION
Litholog y: Moderately strong, (Watar: Seapage <05 Limin/m (Gaological Structures: {dykes, vains, contacts, badding, folation, atc)
reddish, biown, highly pinted
moderately decompased, tuff, coarse ash crystal (Overbreak: NA m* yein
Mass Weatharing: PWS0/100
B DISCONTINUITY DATA INCLUDING JOINTS, FAULTS, BEDDING, FOLIATION, FLOW-BANDING, SLICKENSIDES, ETC
PLAN: . n Type dreczéz 12) ?2"; Spacing Parsistence {m) Poughness Ap’:r::mt Infilling
Gt (1) Jioint S IES 062m S|Rough Planar 5 Surface staining
. (2) Jjoint 140¢[ &0 200600 mm 1.5[Rough Planar 5 Surface staining
(3) [icint EiL S 062 m 5|Rough Planar 5| Surface staining
(4) Jjoint 00e| 35 062 m 1|Rough Planar 5 Surface staining
2 (5) lioint a0¢|  30¢[ 200800 mm 10|Rough Planar 5| Surace staining
/ AZ“ (6) [izint sl a0l 200-E00 mm ough Planar 50 Decompased rock
SO NGL-Q Chainage AQD I Jr Ja ow SAF Qvaue SupportClass
Al VALUE
NA a0 ] 1.5 2 1 25 267 NA
Logged by GP Date:  &7/22 IChecked by VY Date: 13/7/2021
L
A
CROWN / CEILING MAJOR JOINTS: A B
R oo
/ S —— —= %
(1) ® LT i ' \\l’
; i -
N " | ‘ ® |
T | | L
I ‘ © | ‘
SR Balle k2 |
’ SR — o ‘
Y | . l
ol | |
PO e L
(6) " (6)
Notas:

i} Tunnel geometry shall be deleted where appropriate.
ily Jn value includes multiplier for tunnel intarsections {Jn x 3) or portals (Jn x 2)

FWALRE L RE TREREGG
ASSOCIATION OF GEOTECHNICAL &
GEOENVIRONMENTAL SPECIALISTS (HONG KONG)
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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 WIE mesh

FWE LA L RE T YRGS 28
ASSOCIATION OF GEOTECHNICAL &
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Technical Challenges - 2

2) B_alanc_lng robust geotechnical works with resultant Example of Artificial Rook Cladding
visual impact !
o 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

Bl LR HLRALHARN 29
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Construction Challenges - 1

1) Logistics ~

:?
o “998 STEPS” without vehicular access to reach site at
+181mPD
> Solution:

- Deployed airlift operations by helicopters for
material/machinery delivery & removal of construction

waste

N\ .
ERALRELRRIEERNS 30
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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

5 e
At o Dl tE
PR HEE A BH R EaREs-UH

Leschenault’s RousetteBat Chinese Horseshoe Bat Bent-wing Bat

\\\\ FWE L RE LR TGS 31
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1. Introduction > 2. Site Context > 3. Technical Challenges > 4. Construction Challenges > 5. Final Views >

Construction Challenges - 2

2) Dowel Installation in proximity to Site of Special 5 safety e
Scientific Interest (SSSI) AW L

. Coring

o Utilize electrical coring machine with water flushing, enclosed
by tarpaulin sheeting for noise & dust reduction

Coring Machine with

o => Minimize disturbance to bat populations | tarpaulin sheeting 9

\\\\ §%%‘i&%‘iﬁiﬁl‘.ﬂ§¥mﬁ 33
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Construction Challenges - 2

2) Dowel Installation in proximity to Site of Special
Scientific Interest (SSSI)

Upward dowels, with
the front sealed

Grout pipe to

“ Grouting grouting pump

° Presence of interconnected joint networks & blast-induced open ? [
apertures create difficulties in grouting

o —> Multi-stage grouting procedure
l. Using more diluted grout at beginning to seal joints & cracks '
Il.  Using typical cement-water ratio grout for grouting dowels > 4 15/4/2024

Grouting works in progress

o —> Additional benefit: Reduction of water ingress into the Caverns
Gallery

\\\\ §i§%‘i&%‘iﬁiﬁ1ﬂ§$mﬁ 34
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Construction Challenges - 3

3) Maintain authenticity of

heritage

= EXposed concrete surface
Inharmonious & damages to

original mine heritage appearance

N

z

> BWELRAE LRSS THEEG®
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1. Introduction > 2. Site Context > 3. Technical Challenges > 4. Construction Challenges > 5. Final Views >

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

z

N WAL A LR YR @ 36
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Construction Challenges - 3

3) Maintain Authenticity of Heritage

I1. Artificial Rock Cladding for Concrete Surfacing — Buttress B1

ar \ »

AGS (HK) ASSOCIATION OF GEOTECHNICAL &
TN GEOENVIRONMENTAL SPECIALISTS (HONG KONG)
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Construction Challenges - 3
3) Maintain Authenticity of Heritage

. ng for Concrete Surfacing — Buttress B2

e
w2 =
LA G
% 70k aE

Before works i

Before installing the claddings

FWALRELRE TSR 38
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Construction Challenges -

TRy

o .. g 1 e "
3) Maintain Authenticity of Bl &
ey X : (covred ith shtcrte) ‘  .

Heritage

I11. Preservation of Geological
Features of Special Interest —

Faulting - Mylonite Zone

As the fault zone is almost 1m wide, it poses threat to stability ‘ 25 3 ; N
of the overlying material. Therefore, shotcrete is applied on 5 N pes Exposed fault material, with
its surface to prevent further erosion and deterioration. = , ks mylonitic texture

; [ : e 'C Y 5

S~

- Buttress has also been constructed to support the rock mass

at the footwall.
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View along Strike Side View
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SU m mal’y contract completion date & opened
L 30 December 2024

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

Major works completed two months earlier than J
&

Technical Challenges Construction Challenges

Assessment for rock

stabilization Logistics
c{’/I N"/-RDI
Balancing robust Dowel Installation in Onsult|ng Engifiecry
geotechnical works with proximity to Site of Special
resultant visual impact Scientific Interest (SSSI)

Maintain authenticity of
heritage
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Final Views — Cavern Gallery & Atrium
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> 2. Site Context

1. Introduction
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