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Abstract 

Ethiopia's opal mining and market sectors grapple with multifaceted challenges due to insufficient engagement from 

governmental and private entities. Key issues include the absence of comprehensive mining practices, limited promotional 

efforts, and the reliance on rudimentary techniques without proper machinery. Additionally, the market chain fails to adequately 

benefit local miners, exacerbated by fluctuating prices and the presence of illegal traders, unpredictability of the opal supply 

chain due to geological uncertainties. Environmental and social concerns loom large, worsened by the lack of impact 

assessments and miners' disregard for conservation efforts, posing risks to health, safety, and ecosystem stability. Demand for 

opals is shaped by a complex interplay of factors, including fashion trends, cultural inclinations, and economic conditions. 

Opal's historical appreciation for its fascinating play-of-color has cemented its status as a sought-after gemstone for jewelry 

and decorative purposes. Collaborative efforts are imperative to strengthen regulatory frameworks, improve promotional 

strategies, and foster sustainability in the sector. While mechanized mining offers efficiency gains, its implementation requires 

significant investment in equipment and infrastructure, primarily benefiting mining enterprises, establishing a centralized 

platform for grading opal at a designated location can streamline the process and foster a free-market system, attracting foreign 

investment and contributing to the country's economic development. 
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1. Introduction 

Opal mining in Ethiopia has surged in prominence fol-

lowing the discovery of substantial opal deposits, particularly 

within the Wollo Province, encompassing regions such as 

Wollo and Shewa. Notably, Wegel Tena, situated near the 

town of the same name, has emerged as a focal point for opal 

extraction, yielding exquisite precious opals renowned for 

their vivid play-of-color, a characteristic highly prized in the 

gemstone market. An Ethiopian opal is esteemed for their 
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distinctive qualities, characterized by vibrant hues and intri-

cate patterns. Referred to as "Wollo opals" or "Ethiopian 

opals" in the gemstone trade, these opals exhibit a diverse 

spectrum of colors, ranging from fiery reds and oranges to 

soothing greens, blues, and purples [2, 5, 16, 19, 24]. 

In Ethiopia, opal mining predominantly relies on 

small-scale artisanal operations employing traditional tech-

niques like hand tools and rudimentary machinery. However, 

navigating the rugged terrain and accessing opal-bearing 

layers pose considerable challenges. Despite these hurdles the 

Ethiopian government recognizes the industry's economic 

potential and has initiated efforts to support its growth. 

Nonetheless, impediments such as infrastructural limitations, 

inadequate access to financing and technology, and regulatory 

concerns persist, warranting comprehensive solutions for 

sustainable development [1, 6, 21]. 

Overall, Ethiopia's opal mining sector presents promising 

opportunities for local communities and the global gemstone 

market alike. With strategic investments and holistic devel-

opment initiatives, Ethiopia stands poised to assert itself as a 

significant player in the international opal trade arena (Figure 

3). Additionally, the worldwide demand for opals underscores 

their enduring appeal, with Ethiopian opals, distinguished by 

their vibrant colors and competitive pricing, capturing in-

creasing attention alongside traditionally esteemed varieties 

like Australian black opal [2, 11, 22, 23]. 

The demand for opals is driven by a multitude of factors 

that intersect within the realms of fashion, culture, investment, 

and market dynamics. Fashion trends play a significant role, 

with opals frequently featured in jewelry design. The influ-

ence of opals in fashion collections and their adoption by 

celebrities often triggers spikes in demand. Furthermore, 

gemstone collectors highly value opals for their unique beauty 

and rarity, eagerly seeking out exceptional specimens with 

striking play-of-color or distinctive patterns (Figure 2). Ad-

ditionally, some individuals perceive opals as investment 

assets, though their speculative nature, owing to quality var-

iability and market demand fluctuations, distinguishes them 

from more predictable gemstones. Cultural significance also 

contributes to demand, with opals symbolizing good luck and 

prosperity in various cultures, driving interest during auspi-

cious occasions. Overall, the steady allure of opals ensures 

continued interest, augmented by ongoing discoveries of new 

deposits and strategic marketing endeavors that enhance their 

appeal globally [3, 7, 9, 13, 10, 20]. 

Demand for opals is shaped by a complex interplay of 

factors, including fashion trends, cultural inclinations, and 

economic conditions. Opal's historical appreciation for its 

mesmerizing play-of-color has cemented its status as a 

sought-after gemstone for jewelry and decorative purposes. 

Notably, emerging markets like China and India are increas-

ingly embracing opal jewelry, contributing to its growing 

global demand. However, opal's popularity is not immune to 

shifts in consumer preferences and marketing strategies 

within the gemstone industry, which can influence demand 

dynamics. Despite these fluctuations, the enduring allure of 

opals ensures their continued relevance in the gemstone 

market, bolstered by their timeless beauty and evolving per-

ceptions in various cultural contexts [13, 15]. 

The mining association, local communities, and govern-

ments grapple with several significant challenges in the opal 

mining industry. One prominent issue is the unpredictability 

of the opal supply chain due to geological uncertainties and 

stringent environmental regulations, resulting in supply fluc-

tuations and price volatility. Another pressing concern is the 

variability in opal quality, making it difficult to differentiate 

between high and low-quality stones, thus impacting con-

sumer confidence and pricing dynamics [17, 18]. Moreover, 

there's growing pressure for ethical sourcing practices, driven 

by worries about labor conditions and environmental sus-

tainability, necessitating greater transparency and accounta-

bility within the sector. Additionally, the emergence of syn-

thetic opals poses a threat to the market, offering consistent 

quality at lower costs, although they are yet to rival natural 

opals' popularity. Furthermore, the opal market faces stiff 

competition from other gemstones and luxury goods, poten-

tially affecting demand and pricing. Lastly, regulatory hurdles, 

especially regarding export and import regulations in 

opal-mining countries, exert influence on the global opal trade 

and supply chain, adding another layer of complexity to the 

industry's operations. Addressing these challenges requires 

collaborative efforts between stakeholders to ensure the sus-

tainability and growth of the opal mining sector [2, 8, 12, 14, 

22]. 

Improving market education is pivotal to enlightening 

consumers about the unique attributes of opal and its com-

parative value alongside other gemstones, potentially igniting 

heightened demand and appreciation. Additionally, embrac-

ing sustainable mining and production practices can fortify 

the industry's reputation, particularly appealing to ethically 

conscious consumers. Investing in innovation, such as re-

search and development initiatives to refine mining tech-

niques and elevate opal quality, as well as introducing in-

ventive products like opal-based technologies or sustainable 

jewelry designs, holds promise in unlocking fresh markets 

and revenue streams. Collaboration among diverse industry 

stakeholders, including miners, manufacturers, retailers, and 

policymakers, is imperative in collectively addressing chal-

lenges and fostering the sustainable expansion of the opal 

market [2, 4, 25]. Despite encountering hurdles, the opal 

industry harbors opportunities for growth and innovation, 

achievable through strategic endeavors aimed at aligning with 

evolving consumer preferences and proactively tackling in-

dustry challenges. 

The focus of this paper is to outline the significant obstacles 

encountered in opal mining in Ethiopia, including issues re-

lated to prospecting, resource availability, and potential uti-

lization. The results offer valuable insights into strategies for 

responsible and sustainable mining practices in Ethiopia, 

highlighting the potential economic benefits for both local 
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communities and the government as a whole. 

Study Area 

The study area is situated near the town of Wogel Tena in 

the Wollo Province of northern Ethiopia. Access to this loca-

tion is available via the Addis Ababa to Desi main road, fol-

lowed by an all-weather road spanning approximately 490 

kilometers to reach Wogel Tena (Figure 1). 

 
Figure 1. Location map of the study area. 

2. Methodology 

To thoroughly identify and analyze the major challenges 

faced by opal miners in Ethiopia, a mixed-methods research 

approach was employed, combining qualitative and quantita-

tive techniques. This approach ensured a holistic under-

standing of the geological, environmental, and so-

cio-economic factors influencing the gemstone industry. The 

methodology was designed to capture both the macro-level 

industry dynamics and the micro-level experiences of stake-

holders, including artisanal miners, exporters, and govern-

ment bodies. 

2.1. Data Collection Methods 

Focus group discussions were conducted with a diverse 

group of 25 stakeholders, including representatives from 

government agencies, gemstone exporters, and artisanal 

miners. These discussions were structured to encourage open 

dialogue and gather collective insights into the systemic 

challenges and opportunities within the gemstone industry. 

Key topics included regulatory constraints, market access, and 

operational limitations. 

In-depth, semi-structured interviews and questionnaires 

were administered to a targeted sample of stakeholders, in-

cluding miners, lapidary unit operators, and industry experts. 

The questionnaires were designed to explore specific chal-

lenges such as access to technology, financial constraints, and 

the impact of environmental factors on mining operations. 

The semi-structured format allowed for flexibility, enabling 

participants to share nuanced perspectives and anecdotal 

evidence. 

Field visits were conducted to observe the operational 

practices of artisanal miners and lapidary units in Addis Ab-

http://www.sciencepg.com/journal/jenr


Journal of Energy and Natural Resources  http://www.sciencepg.com/journal/jenr 

 

32 

aba and surrounding mining areas. These visits provided 

firsthand insights into the working conditions, resource 

availability, and technological limitations faced by miners. 

Observations were documented through field notes, photo-

graphs, and informal conversations with workers, offering a 

ground-level perspective on the challenges. 

Technical reports from the Ministry of Mines and other 

relevant government bodies were reviewed to gather statisti-

cal data on production volumes, export trends, and val-

ue-addition practices. Additionally, secondary data from ge-

ological surveys, resource maps, and academic studies were 

analyzed to contextualize the findings within the broader 

industry landscape. 

2.2. Data Analysis 

The collected data were analyzed using a combination of 

qualitative and quantitative techniques to ensure a robust and 

comprehensive understanding of the challenges faced by opal 

miners. 

Transcripts from focus group discussions and interviews 

were coded thematically to identify recurring patterns and key 

issues. These themes were categorized into geological, envi-

ronmental, socio-economic, and regulatory challenges. The 

qualitative analysis also incorporated insights from field ob-

servations, which provided context and depth to the findings. 

Statistical data from technical reports and questionnaires 

were analyzed using descriptive and inferential statistical 

methods. This included calculating production trends, iden-

tifying gaps in value addition, and assessing the economic 

impact of mining activities. The quantitative analysis helped 

validate the qualitative findings and provided a measurable 

understanding of the industry's challenges. 

The primary data from interviews and field observations 

were cross-referenced with secondary data from technical 

reports and geological surveys. This integration allowed for a 

multi-dimensional analysis, highlighting the interplay be-

tween geological constraints, environmental factors, and 

socio-economic barriers. The combined findings provided a 

comprehensive overview of the industry's current state and 

identified actionable areas for improvement. 

3. Result and Discussion 

Opal extraction techniques employed in Ethiopia encom-

pass two main approaches: traditional manual excavation and 

mechanized mining. The traditional method involves 

small-scale miners utilizing hand tools such as picks and 

shovels to extract opal-bearing rocks from the ground, fol-

lowed by manual extraction of opal seams or nodules. In 

contrast, mechanized mining relies on heavy machinery like 

excavators and bulldozers to access deeper or larger opal 

deposits, resulting in increased efficiency and productivity. 

While traditional hand digging is labor-intensive and suitable 

for shallow deposits, mechanized mining offers higher 

throughput but requires substantial investment in equipment 

and infrastructure. Both methods necessitate adherence to 

environmental regulations to ensure sustainable mining prac-

tices. 

Ethiopia, particularly the Amhara Regional State, recog-

nized as a significant hub for opal gemstone resources. The 

extraction and exportation begin since 2008 primarily been 

carried out by artisanal miners [19]. Mining activities are 

concentrated in localities such as Wollo (Delanta), Northern 

Shewa and Gondar (Tikil Dingay), renowned for their opal 

deposits. Additionally, recent mining endeavors in Wollo, 

specifically in the Delanta area near Wegel Tena and Tsehay 

Mewcha, have yielded valuable multi-colored rough opals 

through traditional methods [19, 20]. 

 
Figure 2. Wollo crystal opal. 

The opal in Ethiopia was discovered in 1994 and has since 

grown to have an impact on the world market. It rivals Aus-

tralian opal is seen to be more expensive, despite, the Ethio-

pia's high quality Despite the promising potential of Delanta's 

precious opal as a natural resource for economic development 

and the expansion of the gemstone industry, significant chal-

lenges hinder its utilization discussed as follow sections 

(Figure 3). 

3.1. Opal Production 

In the 2022/23 fiscal year, the sector generated approxi-

mately $2.06 million, and $0.65 million, through the export of 

50.785 kg of rough opal, and 731.12 kg of polished opal, 

respectively. These figures demonstrate the significant eco-

nomic contributions made by Ethiopia's gemstone industry. 

The growth in artisanal mining, the expansion of the exporter 

base, & the increasing export revenues highlight the sector's 
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potential to drive economic development and job creation in the country. 
 

Table 1. Ethiopian opal export [26]. 

Type Description Unit 2019 2020 2021 2022 2023 Total 

Rough Opal Quantity Kg 3,472.4 3,057.4 4,694.1 14,368 50,785 76,376.9 

Total Revenue generated M$ 2.14 1.42 1.7786 3.654 2.066 11.0585 

Polished Opal Quantity Kg 118.7 89.56 130.775 190.97 736.11 1266.177 

Total Revenue generated M $ 1.662 0.993 1.6373 1.9497 0.65 6.8 M$ 

 

However, to fully realize the industry's potential, Ethiopia 

must continue to invest in skills development, infrastructure, 

and policies that support the growth of value-addition activi-

ties within the gemstone sector. This could include measures 

to incentivize local processing and manufacturing, improve 

access to financing, and enhance the competitiveness of 

Ethiopian gemstones in the global marketplace. By capital-

izing on its abundant gemstone resources and fostering a 

thriving, value-added gemstone industry, Ethiopia can further 

strengthen the positive economic impact of this dynamic and 

growing sector (Figure 3 and Table 1). 

 
Figure 3. Opal production and collected revenue [22, 26]. 

3.2. Artisanal Mining 

The prevailing approach among small-scale miners in 

Ethiopia involves traditional hand digging, which remains the 

primary method employed. Currently, mining practices lack 

thorough study, with a notable absence of engagement from 

large-scale mining companies and insufficient promotional 

efforts. Operations proceed without detailed planning or 

machinery utilization, highlighting the industry's rudimentary 

nature. In this technique, miners utilize basic hand tools like 

picks, shovels, and hammers to unearth opal-bearing rocks 

from the ground. Subsequently, these rocks are meticulously 

broken down, and the opal seams or nodules are extracted 

manually. This method is characterized by its labor-intensive 

nature and relies significantly on the expertise and proficiency 

of the miners to identify and extract opals efficiently. Typi-

cally, it finds application in regions where opal deposits are 

shallow and can be reached through manual labor (Figure 4). 
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Figure 4. Delanta mine topography, quarry site and hand digging 

excavation of mining tunnel [25]. 

Indeed, both traditional hand digging and mechanized 

mining present distinct advantages and challenges. Tradi-

tional hand digging, accessible to small-scale miners, often 

entails lower initial costs and provides a means for local 

communities to engage in mining activities. Conversely, 

mechanized mining offers heightened efficiency and produc-

tivity, particularly suited for larger-scale operations capable of 

extracting significant volumes of opal-bearing material in 

shorter durations (Figure 4). However, regardless of the 

method employed, it is imperative to meticulously assess and 

address the environmental impact, ensuring adherence to 

regulations and promoting sustainable mining practices. By 

prioritizing environmental stewardship and regulatory com-

pliance, both traditional and mechanized mining approaches 

can contribute to responsible resource extraction while safe-

guarding ecological integrity for future generations. 

The use of traditional mining tools by miners often leads to 

cracking issues in opals due to improper handling practices. 

These cracks pose in the temporary storage of opals in unsafe 

conditions, exacerbating the problem further. Consequently, 

many rough opals end up cracked, significantly diminishing their 

value and forcing miners to sell them at substantially reduced 

prices. This serious problem not only impacts the opal market 

adversely but also results in significant economic losses for both 

the miners and the country as a whole (Figure 4). 

3.3. Market Chain 

The opal marketing system encounters substantial obstacles 

in Delanta, as reported by miners from downstream to up-

stream processes. These difficulties largely stem from the 

limited commitment of both governmental bodies and private 

sectors. The primary challenges include the sale of rough opal 

at unfairly low prices, issues related to smuggling, inadequate 

promotion of the market, and weak relationships within the 

market (Figure 4). Lapidaries have expressed frustration over 

the lack of buyers, with some noting instances where export-

ers purchase opals at significantly reduced rates. These mar-

keting-related issues contribute to a loss of foreign currency 

and have adverse effects on the country's economic ad-

vancement. 

Moreover, the market chain fails to adequately support lo-

cal miners, given the fluctuating market prices and the pres-

ence of illegal traders, commonly known as brokers. Fur-

thermore, governmental efforts to promote the opal industry 

in international markets fall short of maximizing potential 

benefits. Key hurdles include retaining produced and polished 

opals due to high financing needs and lack of bank loans 

compared to other commodities. 

 
Figure 5. Market chain of the opal. 

3.4. Lapidaries / Value Addition 

The primary factors contributing to value addition chal-

lenges in the opal industry include the absence of modern 

lapidary machinery, inadequate lapidary facilities, and a 

shortage of domestic expertise in jewelry production. Alt-

hough a few lapidary training centers were established in the 

Amhara Region in 2009, situated within local Polytechnic 

Colleges, many of these centers are non-operational, with 

some even closed down and some found in Addis Ababa 

(Figure 6b). This situation arises from a lack of qualified 

trainers possessing the requisite practical experience and 

skills necessary to effectively train trainees in gemstone cut-
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ting and polishing techniques. Promotion value addition 

within the opal industry and enhancing the skill base in jew-

elry production, thereby contributing to the industry's growth 

and development (Figure 6). 

 
Figure 6. a, rough opal, b, simple opal lapidary machine c and d 

polished opal (photos capture in orbit Ethiopia 13/1/2024). 

3.5. Environmental and Safety Issues 

The mining sites in the Delanta district face a range of en-

vironmental issues, including deforestation, landslide risks, 

land degradation, water pollution, downstream sedimentation, 

and improper disposal of mining waste onto farmland. These 

challenges pose significant threats to the local ecosystem and 

surrounding communities. Deforestation disrupts the balance 

of the natural habitat, while concealed underground channels 

and holes can pose safety hazards for miners and locals alike. 

Landslide risks are exacerbated by mining activities, leading 

to unstable terrain and potential disasters. Land degradation 

results from the disturbance of soil and vegetation, impacting 

agricultural productivity and ecosystem health. Water pollu-

tion, caused by mining runoff and waste disposal, contami-

nates local water sources, posing health risks to both humans 

and wildlife. Downstream sedimentation further disrupts 

aquatic ecosystems and can harm downstream communities 

that rely on clean water sources. Improper handling of mining 

waste, particularly when disposed of onto farmland, degrades 

soil quality and diminishes agricultural yields, exacerbating 

food security challenges in the region. Addressing these en-

vironmental concerns is paramount to ensure the sustainabil-

ity of mining activities and the well-being of local communi-

ties in the Delanta district. 

In Ethiopia, opal mine collapses have been reported, rep-

resenting a significant hazard to miners and the mining in-

dustry. These collapses occur when the structural integrity of 

the underground excavations is compromised, leading to the 

sudden failure of the surrounding rock or soil. Opal mine 

collapses can result from various factors, including geological 

instability, inadequate support systems, or the use of improper 

mining techniques. Such incidents pose grave risks to miners, 

including injury or fatalities, as well as causing damage to 

equipment and infrastructure. On 8/1/2024, over 20 miners 

were reported missing following a mine collapse, with no 

recoveries made so far (Figure 7). Additionally, numerous 

other incidents have been documented in connection with this 

disaster. Mitigating the risk of opal mine collapses requires 

rigorous safety protocols, proper engineering design, and 

regular inspections to ensure the safety of workers and the 

sustainability of opal mining operations in Ethiopia. 

 
Figure 7. Delanta opal mining collapse (captured by; Mr. Berihun 

2024). 

4. Conclusion 

Understanding the precise location of each opal specimen is 

crucial for assessing geological influences on quality and 

stability, and for determining appropriate mining methods and 

tools. However, minerals or gems deemed of poor quality, 

subject to physical property changes over time, or extracted 

through traditional methods are deemed unsuitable for export 

(Figure 8). To tackle these challenges, this project aims to 

evaluate opal mineralogy and geochemistry in the Delenta 

area, address market-related issues, and introduce new tech-

nologies to enhance mining practices and empower miners. 

In addition to environmental concerns, social problems 

such as health and safety issues prevail in opal mining areas in 

Ethiopia, where there is a lack of environmental impact as-

sessments. The disregard for environmental conservation by 

miners and local stakeholders exacerbates these challenges. 

Artisanal small-scale opal face difficulties in securing the 

necessary capital and knowledge to effectively rehabilitate 

mining sites, leading to the abandonment of pits that pose 

hazards to both human life and livestock. Furthermore, the 

absence of rehabilitation efforts impacts species diversity and 

ecosystem stability in the region, highlighting the urgent need 

for comprehensive environmental management strategies to 
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address these multifaceted challenges associated with opal 

mining in Ethiopia (Figure 8). 

Addressing these challenges necessitates concerted efforts 

from both governmental and private entities to improve reg-

ulatory frameworks, enhance promotional strategies, and 

foster sustainable practices within the opal mining and market 

sectors in Ethiopia. 

 
Figure 8. Opal mining cycles of cause and effect. 

5. Way Forwarded 

Stakeholders are encouraged to implement several measures to 

enhance the opal mining industry in Ethiopia. These include the 

introduction of low-cost machinery for mining operations and the 

implementation of site rehabilitation programs to mitigate envi-

ronmental impacts. Establishing a centralized platform for grading 

opal at a designated location can streamline the process and foster 

a free-market system, attracting foreign investment and contrib-

uting to the country's economic development. Moreover, improv-

ing capacity-building efforts in opal grading and classification, 

including laboratory analysis of moisture content and mass de-

termination, is essential. Utilizing mobile phones as tools for im-

age acquisition and grading can further enhance efficiency and 

accuracy in opal assessment. These strategies aim to modernize 

and optimize the opal mining sector, ensuring sustainable growth 

and prosperity for all stakeholders involved. 
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