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Summary: The selection between underground and
open-pit mining methods significantly impacts the
economic feasibility of dimension stone extraction.
While open-pit mining is prevalent due to its cost-ef-
fectiveness and operational simplicity, underground
mining is gaining attention owing to environmental
considerations and land-use constraints. This paper
evaluates the economic viability of both methods
by analyzing capital and operational costs, recovery
rates, environmental impacts, and long-term profit-
ability. Case studies of marble and granite quarries
employing both methods provide practical insights

for industry stakeholders.

Key words: underground marble quarrying, open-pit,

dimension stone mining

1. Introduction

Dimension stone mining involves the extraction of
natural stone blocks for use in construction, mon-
uments, and various industrial applications. The
choice between open-pit and underground mining
methods is influenced by factors such as deposit
depth, geology, environmental regulations, and eco-
nomic considerations. This paper aims to compare
the economic aspects of both mining methods to

guide decision-making in the industry.

'BUSINESS"®

Christos GRAVALOS

Marble Consulting Is Operasyonlari Yoneticisi

ECONOMIC VIABILITY OF
UNDERGROUND VS. OPEN-PIT
DIMENSION STONE MINING

YERALTI VE ACIK OCAK
BOYUT TASI MADENCILIGININ
EKONOMIK FiZIBILITESI

Ozet: Yeralti ve acik ocak madencdiligi yontemlerinin
sec¢imi, boyut tasi cikariminin ekonomik fizibilitesini
onemli Olglde etkiler. Agik ocak madenciligi, maliyet
etkinligi ve operasyonel basitligi nedeniyle yaygin ola-
rak tercih edilse de, cevresel faktorler ve arazi kulla-
nim kisitlamalari nedeniyle yeralti madenciligi giderek
daha fazla ilgi gormektedir. Bu makale, sermaye ve
isletme maliyetleri, geri kazanim oranlari, ¢evresel et-
kiler ve uzun vadeli karlilik analiz edilerek her iki yon-
temin ekonomik fizibilitesini degerlendirir. Mermer
ve granit ocaklarinda her iki ydontemi uygulayan vaka

calismalari, sektor paydaslariicin pratik bilgiler sunar.

Anahtar Kelimeler: yeraltt mermer madenciligi, acik

ocak, boyut tasi madenciligi

1. Giris

Boyut tasi madenciligi, insaat, anitlar ve ¢esitli en-
dustriyel uygulamalar icin dogal tas bloklarinin ¢i-
karilmasini icerir. Agik ocak ve yeraltt madenciligi
yontemleri arasindaki secim, yatak derinligi, jeoloji,
cevresel dizenlemeler ve ekonomik faktorler gibi un-
surlardan etkilenir. Bu makale, sektorde karar verme
sureclerine rehberlik etmek amaciyla her iki maden-
cilik yonteminin ekonomik yonlerini karsilastirmayi

amaclamaktadir.
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2. Technical and Economic Factors in Dimen-

sion Stone Mining

2.1 Open-Pit Mining

The main advantages are:

‘Lower Initial Capital Investment: Open-pit mining
typically requires less capital expenditure compared
to underground mining. The infrastructure is sim-
pler, involving benches and haul roads, which reduc-
es initial costs.

‘Higher Production Rates: The use of large-scale
equipment allows for the extraction of significant vol-

umes of stone, leading to economies of scale.

The main challenges:

‘Environmental Impact: Open-pit mining has a sub-
stantial environmental footprint, including habitat
destruction, dust generation, and visual intrusion.
These impacts can lead to stringent regulatory re-
quirements and potential delays.

Land Use Conflicts: The extensive surface area re-
quired can lead to conflicts with other land uses,
especially in populated or agriculturally valuable re-

gions.

2. Boyut Tasi Madenciliginde Teknik ve Ekono-
mik Faktérler

2.1 Actk Ocak Madenciligi

Baslica avantajlar:

Daha Dusuk Baslangic Sermayesi Yatirimi: Agik ocak
madenciligi, yeralti madenciligine kiyasla genellikle
daha az sermaye harcamasi gerektirir. Basamaklar
ve tasima yollar gibi daha basit bir altyapi, baslangi¢
maliyetlerini azaltir.

Yiksek Uretim Oranlari: Blytk 6lcekli ekipman kulla-
nimi, 6nemli miktarda tas ¢ikarimina olanak tanir ve

Olcek ekonomisi saglar.

Baslica zorluklar:

Cevresel Etki: A¢cik ocak madenciligi, habitat tahribati,
toz olusumu ve gorsel rahatsizlik gibi 5Gnemli cevresel
etkilere sahiptir. Bu etkiler, siki dtzenleyici gereklilik-
lere ve olasI gecikmelere yol acabilir.

Arazi Kullanim Catismalari: Genis ylzey alani gerek-
sinimi, 6zellikle nGfusun yogun oldugu veya tarimsal
ac¢idan degerli bolgelerde arazi kullanimiyla ilgili catis-

malara neden olabilir.

Fig. 1. Vertical benches in open-pit quarry.
Sekil 1. Acik ocak ocaginda dikey basamaklar.

120




2.2 Underground Mining

The main advantages are:

‘Reduced Surface Disturbance: Underground mining
minimizes surface environmental impacts, preserv-
ing the landscape and reducing visual intrusion.
+Access to Deep Deposits: It allows for the extraction
of stone deposits located at greater depths, which
may be inaccessible or uneconomical for open-pit

methods.

The main challenges:

‘Higher Capital and Operating Costs: The need for
specialized equipment, ventilation systems, and
ground support increases both capital and opera-
tional expenditures.

-Safety and Technical Challenges: Ensuring the sta-
bility of underground workings and the safety of
personnel requires rigorous monitoring and man-

agement.
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2.2 Yeralti Madenciligi

Baslica avantajlar:

Azaltlmis Ydzey Bozulmasl: Yeralti madenciligi, yu-
zeydeki cevresel etkileri en aza indirir, manzarayi ko-
rur ve gorsel rahatsizligr azaltir.

Derin Yataklara Erisim: A¢lk ocak yontemleriyle eri-
silmesi zor veya ekonomik olmayan daha derin tas

yataklarinin ¢ikariimasini saglar.

Baslica zorluklar:

Daha Yiksek Sermaye ve isletme Maliyetleri: Ozel
ekipman, havalandirma sistemleri ve zemin destek
yapilari ihtiyacl, hem sermaye hem de isletme harca-
malarini artirir.

Guvenlik ve Teknik Zorluklar: Yeralti ¢alismalarinin

stabilitesini ve personelin guvenligini saglamak, titiz

izleme ve yonetim gerektirir.

Fig. 2. Entrances of underground marble quarry., implementing room & pillar mining method.
Sekil 2. Yeralti mermer ocaginin girisleri, oda ve siitun madenciligi yéntemi uygulanarak.
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3. Comparative Cost Analysis

3.1 Capital Investment and Infrastructure
Open-pit mining involves costs related to overbur-
den removal, bench construction, and haul road
development. In contrast, underground mining re-
quires significant investment in shaft sinking or de-
cline development, ventilation systems, and ground
support structures. A study on the economics of
underground conversion in surface limestone min-
ing operations highlights that underground mining
demands higher initial capital but can be justified by
factors such as environmental constraints and ore
body depth (Shinobe, 1997).

3. Karsilastirmali Maliyet Analizi

3.1 Sermaye Yatirimi ve Altyapi

Aclk ocak madenciligi, Ust ortu kaldirma, basamak
insasl ve tasima yollar gelistirme maliyetlerini ice-
rir. Buna karsilik, yeralti madenciligi, saft agma veya
egimli galeri gelistirme, havalandirma sistemleri ve
zemin destek yapilart icin 6nemli yatinmlar gerek-
tirir. Ydzey kirectasi madenciligi operasyonlarinda
yeralt dontstimunin ekonomisi Uzerine yapilan bir
calisma, yeralti madenciliginin daha yuksek baslangi¢
sermayesi gerektirdigini, ancak cevresel kisitlamalar
ve yatak derinligi gibi faktorlerle bu maliyetlerin hakli

cikarilabilecegini gostermektedir (Shinobe, 1997).

Fig. 3. Chain saw machine creating vertical and horizontal cuttings.
Sekil 3. Zincirli testere makinesi ile dikey ve yatay kesimler yapimi.

3.2 Operating Costs

Operating costs in open-pit mining are generally
lower due to the use of large-scale equipment and
straightforward logistics. However, as the pit deep-
ens, haulage costs increase, potentially reducing
economic viability (EPIROC). Underground mining
incurs higher operating costs due to factors like ven-
tilation, ground support, and more complex logistics.
The choice between methods should consider the
balance between these costs and the value of the

extracted stone.

3.2 isletme Maliyetleri

Ac¢ik ocak madenciliginde isletme maliyetleri, buytk
Olcekli ekipman kullanimi ve basit lojistik nedeniyle
genellikle daha dusuktur. Ancak, ocak derinlestikce
tasima maliyetleri artar ve bu da ekonomik fizibilite-
sini azaltabilir (EPIROC). Yeralti madenciligi, havalan-
dirma, zemin destegi ve daha karmasik lojistik gibi
faktorler nedeniyle daha yuksek isletme maliyetleri-
ne sahiptir. Yontem se¢imi, bu maliyetler ile ¢ikarilan

tasin degeri arasindaki dengeyi dikkate almalidir.
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3.3 Recovery Rates and Stone Quality

Open-pit mining often achieves higher recovery rates
due to the accessibility of the deposit and the abili-
ty to use larger equipment. However, underground
mining can offer better control over extraction, po-
tentially leading to higher-quality blocks with fewer
defects. The method chosen can influence the mar-
ketability and price of the final product (Business

Research Insights).
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3.3 Geri Kazanim Oranlari ve Tas Kalitesi

Aclk ocak madenciligi, yataga kolay erisim ve buyuk
ekipman kullanimi nedeniyle genellikle daha yuksek
geri kazanim oranlari saglar. Ancak, yeralti maden-
ciligi, cikarma sureci Uzerinde daha iyi kontrol suna-
rak daha az kusurlu, daha ytksek kaliteli bloklar elde
edilmesini saglayabilir. Secilen yontem, nihai drantn
pazarlanabilirligini ve fiyatini etkileyebilir (Business

Research Insights).
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Fig. 4. Quality control of stone bench marking marble blocks.
Sekil 4. Mermer bloklarinin isaretlenmesi icin tas basamaklarinin kalite kontrold.

4. Environmental and Regulatory Consider-
ations

Environmental regulations are becoming increas-
ingly stringent, impacting the feasibility of open-pit
operations. Issues such as dust, noise, and visual
impact are more pronounced in open-pit mining,
leading to potential conflicts with local communities
and regulatory bodies. Underground mining pres-
ents a reduced environmental footprint, which can
be advantageous in areas with strict environmental
regulations or sensitive ecosystems (ESTABLISHING
EUROPE-WIDE MINERAL RESOURCES AND RESERVES
REPORTING STANDARDS, 2014).

4. Cevresel ve Dlizenleyici Hususlar

Cevresel duzenlemeler giderek daha kati hale gel-
mekte ve acik ocak operasyonlarinin fizibilitesini et-
kilemektedir. Toz, gurultd ve gorsel etki gibi sorunlar,
acik ocak madenciliginde daha belirgindir ve yerel
topluluklar ile duzenleyici kurumlarla ¢atismalara yol
acabilir. Yeralti madenciligi, daha az ¢evresel ayak izi
sunar ve bu, siki cevresel duzenlemelere sahip bol-
gelerde veya hassas ekosistemlerde avantaj saglar
(ESTABLISHING EUROPE-WIDE MINERAL RESOUR-
CES AND RESERVES REPORTING STANDARDS, 2014).
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5. Case Studies and Real-World Comparisons

In Italy, underground mining of dimension stone
has been practiced addressing environmental and
land-use concerns. Technologies such as chain saws
and diamond wire have been successfully employed
since the late 1970s, allowing for efficient extraction
with minimal surface disturbance (Daniel et Al).
These practices demonstrate the viability of under-
ground methods in regions where surface mining is

less feasible.

6. Conclusion and Recommendations

The economic viability of underground versus open-
pit dimension stone mining is context-dependent.
Open-pit mining offers lower initial costs and high-
er production rates but comes with significant envi-
ronmental and land-use challenges. Underground
mining requires higher capital investment and incurs
greater operating costs but provides advantages in
terms of reduced environmental impact and access
to deeper deposits. Decision-makers should conduct
comprehensive feasibility studies, considering fac-
tors such as deposit characteristics, environmental
regulations, and market conditions, to determine the

most suitable mining method.

5. Vaka Calismalari ve Gergcek Diinya Karsilas-
tirmalari

Italya'da, cevresel ve arazi kullanim kaygilarini ele al-
mak i¢in yeralti boyut tasi madenciligi uygulanmak-
tadir. Zincirli testereler ve elmas tel gibi teknolojiler,
1970'lerin sonlarindan beri basarili bir sekilde kul-
lanilarak, yizey bozulmasini en aza indirerek etkin
¢ikarma saglar (Daniel ve digerleri). Bu uygulamalar,
yUzey madenciliginin daha az uygulanabilir oldugu
bolgelerde yeralti yontemlerinin fizibilitesini goster-

mektedir.

6. Sonug ve Oneriler

Yeralti ve acik ocak boyut tasi madenciliginin ekono-
mik fizibilitesi, baglama baglidir. Acik ocak madencili-
gi, daha dusuk baslangic maliyetleri ve daha yuksek
Uretim oranlar sunar, ancak dnemli cevresel ve arazi
kullanimi zorluklariyla karsi karsiyadir. Yeralt maden-
ciligi, daha yuksek sermaye yatirimi ve isletme mali-
yetleri gerektirir, ancak ¢evresel etkilerin azalmasi ve
daha derin yataklara erisim avantajlari saglar. Karar
vericiler, yatak ozellikleri, cevresel duzenlemeler ve
piyasa kosullari gibi faktorleri dikkate alarak kapsamli

fizibilite calismalari yapmali ve en uygun madencilik

yontemini belirlemelidir.
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Fig. 5. Full-width view of underground marble quarry.
Sekil 5. Yeralti mermer ocaginin tam genislik gorinimd.
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