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Abstract 

Driven by the dual constraints of surging resource demand and increasingly stringent ecological protection regulations, the 

structural drawbacks of conventional mineral exploration models that prioritize exploitation over environmental conservation 

have become prominent. Green and intelligent exploration have evolved into core trends for the high-quality development of the 

geological exploration industry. The fluorite ore concentration zones in southwestern Zhejiang feature rugged terrain and fragile 

ecosystems. Conventional drilling operations are plagued by cumbersome equipment transportation, low construction efficiency, 

and severe ecological degradation, which hinder the high-quality advancement of mineral exploration. To resolve the conflict 

between mountainous mineral exploration and ecological protection, this study takes fluorite exploration at the Maoyang Mining 

Area in Suichang County as an engineering case. Combining field tests, long-term monitoring, and benefit analysis, an integrated 

green exploration technical system incorporating UAV (Unmanned Aerial Vehicle) aerial hoisting, lightweight full-hydraulic 

drilling, recycled eco-friendly drilling fluid, and in-situ rapid ecological restoration is developed. Engineering practices 

demonstrate that this integrated construction scheme delivers outstanding performance: it cuts the preparation time for mountain 

drilling by over 70%, reduces surface ecological disturbance by more than 90%, and boosts monthly drilling efficiency by 25%-

30%. The technology significantly curtails comprehensive costs associated with transportation, land occupation, and ecological 

restoration, thus achieving coordinated improvements in economic, environmental, and social benefits. This technical system 

fundamentally eliminates large-scale ecological damage induced by traditional exploration, adapts to extremely complex 

construction conditions including steep slopes and dense forests in southern mountainous regions, and ensures safe and stable 

exploration operations. The complete set of technologies and construction management experience summarized in this research 

can serve as demonstration references and technical support for green solid mineral exploration in analogous mountainous areas, 

bearing substantial practical value and industrial significance for advancing the green, intelligent, and efficient transformation 

of the geological exploration sector. 
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1. Introduction 

China ranks among the world’s leading countries in terms 

of fluorite reserves, production capacity, and consumption 

volume. As a critical strategic non-metallic mineral, fluorite is 

extensively applied in metallurgy, chemical engineering, 

building materials, optics, new energy, national defense, and 

military industries, occupying an irreplaceable position in 

safeguarding the stability and security of national industrial 

chains and supply chains [1, 2]. The mountainous regions of 

southwestern Zhejiang, covering Lishui, Jinhua, Quzhou and 

other prefecture-level cities, lie within a major fluorite metal-

logenic belt in eastern China. Characterized by densely dis-

tributed ore occurrences, continuous ore bodies, high-grade 

ores, and distinct structural ore-controlling features, this re-

gion constitutes a key priority area for Zhejiang’s new round 

of mineral prospecting breakthrough strategy and a vital base 

for guaranteeing stable fluorite supply in East China. 

As ecological civilization construction advances in depth, 

the philosophy of lucid waters and lush mountains are invalu-

able assets has been fully integrated into all aspects of eco-

nomic and social development, with ecological protection es-

tablished as an unbreakable rigid redline for regional develop-

ment. The Ministry of Natural Resources has issued a series 

of policy documents and industrial standards, including no-

tices on accelerating green exploration and the Trial Technical 

Specifications for Green Exploration, explicitly mandating 

that all mineral exploration activities must be conducted under 

the premise of ecological protection [3, 4]. Exploration oper-

ations are required to minimize disturbances to landforms, 

vegetation, soil, and surface water by limiting land occupation, 

excavation, and ecological damage, while enabling rapid res-

toration, so as to realize harmonious and coordinated develop-

ment of mineral exploration and ecological conservation [5]. 

Against this macro backdrop, conventional drilling con-

struction modes reliant on haul roads, large-scale bench exca-

vation, heavy vehicle equipment transport, and extensive sur-

face disturbance can no longer comply with contemporary en-

vironmental policies, land use controls, and the inherent re-

quirements for high-quality industrial development. A com-

prehensive green transformation of geological exploration has 

become an inevitable trend [6]. Solid mineral exploration in 

the low and medium mountainous hilly areas of southwestern 

Zhejiang faces five prominent practical bottlenecks and tech-

nical challenges [7]. First, formidable topographic barriers 

prevail: steep, undulating terrain with deep gullies and large 

relative elevation differences means most target exploration 

zones lack accessible roads, resulting in extremely difficult 

transportation of drilling rigs, pipes, consumables, and living 

supplies. Conventional manual haulage and makeshift road 

transport suffer from low efficiency and exorbitant costs [8]. 

Second, stringent ecological constraints apply: forest cover-

age exceeds 90% across most areas, many of which fall within 

ecological protection redlines, public welfare forests, and wa-

ter source conservation zones. Policies strictly prohibit large-

scale surface excavation and vegetation clearance [9], render-

ing traditional construction models non-compliant. Third, 

construction efficiency remains low: bulky conventional drill-

ing equipment involves complicated assembly and disassem-

bly procedures with numerous auxiliary operations, leading to 

a low proportion of effective drilling time [10] that fails to 

meet the construction schedules of large-scale detailed explo-

ration projects. Fourth, overall costs remain high: expendi-

tures on road construction, forest land occupation, crop com-

pensation, manual transportation, and post-construction eco-

logical restoration continue to surge, squeezing project profit 

margins. Fifth, elevated field safety risks exist: high-altitude 

installation, steep-slope material haulage, temporary power 

management, and wildfire/flood prevention pose prominent 

hazards that cannot be fully controlled under traditional man-

agement frameworks. 

In recent years, extensive technological innovation, equip-

ment upgrading, and engineering practices focused on green 

exploration have been carried out across China’s geological 

exploration industry. Lightweight full-hydraulic drilling rigs, 

wire-line coring drilling techniques, eco-friendly drilling fluid 

systems, and in-situ rapid ecological restoration technologies 

have matured and achieved large-scale application [11-14], 

laying equipment and technical foundations for the implemen-

tation of green exploration. Meanwhile, large-payload UAV 

technology has developed rapidly in fields including power 

line inspection, emergency rescue, and material logistics, with 

continuous improvements in low-altitude stable hoisting, pre-

cision delivery, and complex terrain adaptability [15, 16]. 

Several geological exploration institutions have begun testing 

UAVs for transporting geological exploration materials, yet 

such applications remain fragmented and auxiliary in nature 

[17]. No systematic technical framework, standardized con-

struction workflows, or large-scale application models have 

been established to deeply integrate low-load flight transpor-

tation technology with full-process drilling construction. Ex-

isting research predominantly analyzes the performance of 

single pieces of equipment or individual processes [18], lack-

ing systematic research covering the full chain of low-altitude 

hoisting, rig deployment, green drilling, and ecological resto-

ration. In particular, long-term tracking, complete data accu-

mulation, multi-mode comparative analysis, and multi-dimen-

sional comprehensive benefit evaluation based on large-scale 

detailed exploration projects are scarce, making it difficult to 

form mature schemes and standard systems for widespread in-

dustrial promotion. 

In response to the above industry context and practical tech-

nical demands, this study takes fluorite exploration at the 

Maoyang Mining Area in Suichang County as a complete en-

gineering case to systematically investigate integrated tech-

nologies combining low-load flight transportation and full-hy-

draulic drilling. The research aims to develop a complete 
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green exploration technical suite adaptable to complex moun-

tainous terrain in southern China, rigid ecological constraints, 

and efficient, safe construction, forming replicable and scala-

ble construction workflows and management models. This re-

search enriches the theoretical framework of green explora-

tion while delivering practical integrated solutions for mineral 

prospecting in inaccessible, steep, densely forested, and eco-

logically sensitive mountainous zones. Industrially, it drives 

the transition of geological exploration from heavy conven-

tional construction toward green, lightweight, digital-intelli-

gent, and high-efficiency operations [19], providing robust 

support for national ecological civilization construction and 

mineral resource security strategies. The study adopts a com-

plete technical route incorporating literature review, theoreti-

cal analysis, condition sorting, equipment configuration, pro-

cess development, field implementation, data monitoring, 

comparative analysis, benefit evaluation, conclusions, and 

prospects, systematically summarizing experience, data out-

comes, and innovative highlights from the full project lifecy-

cle to form systematic research results. 

2. Regional Geological Overview 

Suichang County is located in southwestern Zhejiang, cen-

tral Lishui, within the upper reaches of the Qiantang and 

Oujiang Rivers. Dominated by low and medium mountainous 

hilly landforms, it represents a typical mountainous county in 

southwestern Zhejiang. The Maoyang Fluorite Mining Area 

lies within Suichang County, with convenient external access 

via county and township highways connecting to trunk trans-

portation networks. The exploration zone spans longitudes 

118°43′00″-118°46′45″ E and latitudes 28°19′30″-28°22′15″ 

N, geotectonically situated on the northern margin of the 

Zhejiang-Fujian Uplift. Intense regional tectonism and fre-

quent magmatic activity create favorable geological condi-

tions for fluorite mineralization (Figure 1). 

Stratigraphically, the region is dominated by Mesozoic vol-

canic sequences, primarily Upper Jurassic Moshishan Group 

volcaniclastic rocks, rhyolites, and tuffs, with Precambrian 

metamorphic basement strata forming a complete strati-

graphic succession and stable lithological assemblages that 

provide favorable host rocks for fluorite deposition. The re-

gional tectonic framework is jointly controlled by NE- and 

NW-trending fault systems, featuring densely developed, ac-

tive faults that serve as migration channels for ore-bearing hy-

drothermal fluids and accommodation spaces for orebody em-

placement, representing the core factor governing the spatial 

distribution of fluorite deposits in the region. Intense Yansha-

nian volcanic-intrusive magmatism supplies consistent ther-

mal energy and ore-forming materials for fluorite mineraliza-

tion, forming a complete metallogenic system. 

 
Figure 1. Satellite Image of Maoyang Mining Area, Suichang County, Zhejiang Province. 
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The southwestern Zhejiang fluorite metallogenic belt con-

stitutes a major low-temperature hydrothermal fluorite ore 

concentration zone in eastern China, dominated by low-tem-

perature hydrothermal fissure-filling deposits characterized 

by prominent structural ore control, vein-shaped orebodies, 

high-grade ores, moderate burial depths, and favorable devel-

opment conditions. Dozens of medium and large fluorite de-

posits have been discovered and verified in the region, boast-

ing substantial resource potential and high development value, 

occupying a pivotal position in Zhejiang’s and even China’s 

overall fluorite resource layout. Geological conditions within 

the Maoyang Mining Area align closely with regional metal-

logenic regularities. Outcropping strata mainly consist of Up-

per Jurassic volcanic rocks with hard, intact lithology and 

sound engineering geological conditions. Highly developed 

faults within the mining area are dominated by steeply dipping 

NE-trending ore-controlling fractures with moderate rock 

fragmentation and extensive alteration, providing favorable 

spaces for fluorite precipitation and enrichment. Fluorite ore-

bodies within the mining area occur as veins, lenticles, and 

quasi-stratiform bodies with stable thicknesses ranging from 

0.5 m to 5 m. Ore grades are high, with CaF2 contents mostly 

between 60% and 90%. The dominant industrial ore type is 

quartz-fluorite ore with excellent beneficiability and promis-

ing development prospects [20]. Hydrogeological conditions 

are simple, with limited aquifer distribution and weak ground-

water recharge, resulting in low water inflow risks during 

drilling and overall favorable geological conditions for large-

scale detailed exploration drilling [21]. 

Topographically, the Maoyang Mining Area exhibits typi-

cal low and medium mountainous steep-slope landforms char-

acteristic of southwestern Zhejiang, with dramatic terrain fluc-

tuations at elevations of 400-1000 m and relative elevation 

differences of 300-600 m. Slope gradients across most 

hillsides range from 25° to 45°, locally exceeding 50°, creat-

ing complex topographic conditions with limited available 

construction space. The surface ecosystem is intact, with veg-

etation coverage exceeding 90% dominated by Chinese fir, 

masson pine, broad-leaved trees, and shrub communities. As 

a provincial key ecological public welfare forest zone, the area 

features a complete, stable ecosystem with high ecological 

sensitivity and strict environmental control requirements, 

making it an ideal site for green exploration practice [22]. Su-

perimposed constraints of topography, ecology, and transpor-

tation create prominent drilling construction difficulties and 

clear technical demands for the mining area: 

Difficult transportation of drilling equipment and supplies: 

most drill holes are located on inaccessible steep slopes im-

passable by conventional vehicles, with manual haulage suf-

fering low efficiency, high costs, and elevated safety risks. 

Rigid ecological protection restrictions: haul road construc-

tion is prohibited, and bench excavation areas are strictly lim-

ited to achieve minimal-disturbance construction. 

Tight project schedules and heavy exploration workloads 

requiring sustained improvements in drilling efficiency to en-

sure timely project delivery. 

Stringent field operation safety requirements to eliminate 

high-altitude work, hazardous steep-slope material haulage, 

standardize power usage, and enforce strict wildfire preven-

tion protocols. 

Demand for eco-friendly drilling processes: non-toxic, bio-

degradable drilling fluid systems and rapid post-construction 

ecological restoration to recover original ecosystem functions. 

These difficulties and requirements form the practical foun-

dation for technological innovation and green exploration 

practice in this project. 

3. Theoretical Basis and Technical 

System of Green Exploration 

Green exploration represents an innovative mineral explo-

ration development model guided by ecological civilization 

thought [13, 23]. Its core connotation prioritizes ecological 

protection, with implementation pathways centered on mini-

mal human disturbance, closed-loop ecological restoration, 

and scientific, efficient exploration. Through equipment up-

grading, construction process optimization, management 

model innovation, and digital-intelligent empowerment, green 

exploration forms a modern exploration system that realizes 

coordinated, harmonious development of mineral prospecting 

and ecological conservation. Its core requirements can be 

summarized as eight guiding principles: minimal land occu-

pation, limited excavation, reduced ecological damage, con-

trolled pollutant discharge, rapid restoration, high efficiency, 

enhanced safety, and low cost [24]. These principles govern 

the full lifecycle of exploration projects spanning site selec-

tion, design, construction, monitoring, restoration, and site 

clearance, serving as fundamental industry standards for geo-

logical exploration in the new era. 

Low-load flight transportation technology employs multi-

rotor or helicopter UAV platforms [25] equipped with precise 

flight control algorithms to enable stable low-altitude, low-

speed flight for safe hoisting, precision delivery, and fixed-

point unloading of designated payloads [26]. This advanced 

aerial transport technology eliminates reliance on ground 

roads, generates zero surface ecological disturbance, boasts 

exceptional terrain adaptability and obstacle-crossing capacity, 

features flexible rapid deployment and fast operational re-

sponse, and delivers low comprehensive costs [27]. It per-

fectly addresses the core bottleneck of transporting drilling 

equipment and supplies to inaccessible mountainous sites [6]. 

Full-hydraulic drilling technology represents a rapidly 

evolving green drilling subfield in geological exploration, 

adopting modular, lightweight split structural designs driven 

by hydraulic power systems [28-31]. Individual components 

weigh less and are suitable for aerial transportation, with rapid 

assembly and disassembly that eliminate high-altitude opera-

tions. The technology delivers high drilling efficiency, high 
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core recovery rates, low energy consumption, low noise, and 

simple, safe operation, fully compatible with wire-line coring 

processes and meeting current national quality specifications 

for solid mineral exploration boreholes. It constitutes core 

equipment support for green exploration construction. 

Deep integration of low-load flight transportation and full-

hydraulic drilling follows clear internal mechanisms and effi-

cient coordination logic: low-load flight transportation re-

solves upstream bottlenecks of transporting drilling equip-

ment and supplies to mountainous sites; full-hydraulic drilling 

mitigates mid-stream issues of extensive ecological disturb-

ance, high safety risks, and low construction efficiency [32]; 

eco-friendly drilling fluid technology controls water and soil 

pollution during construction; and in-situ closed-loop ecolog-

ical restoration addresses downstream post-construction eco-

system recovery. These four components operate in tandem to 

form a closed-loop green exploration system covering the en-

tire exploration workflow. The core collaborative logic lies in 

low-altitude hoisting supporting drilling construction, drilling 

rig design optimized for aerial transportation, green processes 

ensuring full-cycle environmental compliance, and closed-

loop restoration enabling complete recovery of ecological 

functions, ultimately achieving simultaneous improvements 

in ecological, economic, and social benefits. 

Throughout project implementation, all current national 

and industrial standards for green exploration were strictly fol-

lowed, providing complete institutional and technical guid-

ance for technology application, construction organization, 

quality control, safety management, and ecological restoration. 

Key specifications implemented include the Trial Technical 

Specifications for Green Exploration [1], DZ/T 0486-2024 

Specifications for Borehole Quality in Solid Mineral Explora-

tion [2], DZ/T 0487-2024 Operating Specifications for Wire-

Line Coring Drill Rods [33, 34], alongside national and indus-

trial standards including Geological Drilling Safety Regula-

tions and the Interim Regulations on the Administration of 

Civil Unmanned Aerial Vehicle Flight. This comprehensive 

standardization framework guaranteed full-cycle legal com-

pliance, unified technical standards, and rigorous on-site con-

trol, enabling the practical implementation of green explora-

tion concepts and laying a solid foundation for developing 

standardized, scalable technical solutions for future applica-

tion. 

4. Case Analysis of Typical Green 

Geological Exploration 

Implementation 

4.1. Project Team and Support Capacity 

Drilling construction for fluorite exploration at the Mao-

yang Mining Area was undertaken by the Digital Intelligent 

Exploration Branch of Nuclear Industry Jinhua Construction 

Group Co., Ltd., the sole formal professional drilling con-

struction team under Zhejiang Mineral Resources Group Co., 

Ltd. Established in 2011, the team specializes in R&D and en-

gineering application of geological drilling, green exploration, 

and digital-intelligent exploration technologies, having com-

pleted over 200,000 meters of total geological drilling work-

load covering mineral exploration, geothermal resource eval-

uation, environmental geological surveys, and geological dis-

aster emergency prospecting. A fully integrated quality, safety, 

environmental, and occupational health management system 

has been implemented, with the team’s comprehensive tech-

nical strength, project management capabilities, and market 

performance ranking among Zhejiang’s industry leaders. 

A project manager responsibility system was adopted 

throughout construction, establishing a well-structured, 

clearly divided, professionally complete, and highly efficient 

on-site management team totaling 42 personnel split into two 

core operational units: the drilling team and the UAV flight 

team. 

Drilling team (35 personnel): 1 project manager, 1 drilling 

team leader, 7 rig foremen, 7 shift supervisors, and 20 auxil-

iary workers and logistics staff. The balanced staffing and 

graded skill distribution support simultaneous multi-rig oper-

ations. 

UAV flight team (7 personnel): 1 flight captain, 2 squadron 

leaders, and 4 certified professional UAV operators, exclu-

sively responsible for low-altitude hoisting of drilling rig 

modules, drill pipes, consumables, and living supplies within 

the mining area. Auxiliary duties include aerial surveying, 

construction monitoring, and safety patrols to realize special-

ized, standardized low-altitude operations. 

All core technical personnel possess robust theoretical 

foundations, extensive field experience, and strong profes-

sional literacy. The fully certified UAV flight team boasts rich 

experience in complex mountain flight command and safety 

control. The team completed full upgrading to full-hydraulic 

drilling rigs in 2022 to realize green, lightweight drilling 

equipment, and introduced large-payload low-altitude UAV 

systems in 2025 to establish integrated drilling + low-altitude 

hoisting digital-intelligent exploration capacity. Supporting 

complementary green technologies including eco-friendly 

mud systems and ecological restoration, the team holds 

ISO9001 quality management, ISO45001 occupational health 

and safety, and ISO14001 environmental management system 

certifications, implementing refined full-staff, full-process, 

full-range control to deliver robust organizational, personnel, 

technical, and management guarantees for safe, high-quality, 

efficient, and green project delivery. 

4.2. Construction of Low-Load Hoisting System 

To achieve efficient integration of low-load flight transpor-

tation and full-hydraulic drilling, the project team systemati-

cally selected, matched, and integrated core equipment tai-

lored to the Maoyang Mining Area’s topographic conditions, 
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ecological constraints, drilling depth requirements, and effi-

ciency targets, forming a complete collaborative system of 

lightweight drilling rigs and large-payload low-altitude hoist-

ing UAVs. 

Two models of portable full-hydraulic drilling rigs (HTZB-

800C and HTZB-1000C) were deployed across seven com-

plete rig sets. Adopting modular split designs, individual com-

ponents weigh less than 80 kg, fully compatible with UAV 

low-load hoisting, with maximum drilling depths of 800-1000 

m (expandable to 1500 m via technical upgrades) that fully 

satisfy the mining area’s detailed exploration depth require-

ments. Equipped with full-hydraulic control systems eliminat-

ing high-altitude assembly work, each rig can be rapidly in-

stalled, commissioned, and disassembled by two operators. 

Stable drilling performance supports wire-line coring with 

core recovery rates consistently exceeding 95% and precise 

borehole deviation control compliant with DZ/T 0486-2024. 

Additional green advantages include low operational noise, 

moderate energy consumption, and strong site adaptability. 

A multi-model collaborative UAV configuration scheme 

was implemented to form a complementary system of primary 

heavy-lift aircraft and auxiliary task UAVs. Primary hoisting 

UAVs feature a rated safe payload of 260 kg, stable endurance, 

and a wind resistance rating of Level 6, delivering outstanding 

adaptability to complex mountain terrain, stable flight perfor-

mance, and capacity for high-volume, long-distance material 

transportation [35]. Auxiliary UAVs undertake aerial survey-

ing, route patrols, rapid lightweight material transport, and 

construction monitoring to complement the primary fleet’s 

functions. Nuclear Industry Jinhua Construction Group Co., 

Ltd. signed a special strategic cooperation agreement with 

Kaibuwei Company to customize UAV systems for mountain 

low-altitude flight control, anti-interference performance, pre-

cision delivery, and safety protection, further improving com-

patibility between UAV fleets and drilling construction work-

flows. 

Systematic hoisting scheme design was conducted based on 

payload characteristics, component weights, and route condi-

tions. Hoisted cargo covers all drilling necessities including 

rig modules, drill pipes, casings, eco-friendly mud raw mate-

rials, tools, and living supplies, with single hoisting loads con-

trolled between 80 kg and 260 kg to match UAV rated pay-

loads [36]. Flight routes were finalized following on-site re-

connaissance, aerial simulation, and safety assessment, prior-

itizing low-altitude, open, obstacle-free paths while avoiding 

high-voltage power lines, dense forest, and steep unstable rock 

formations to guarantee full-flight safety stability. Standard-

ized hoisting workflows were implemented following a com-

plete sequence: pre-flight preparation, stable hovering, load 

hooking and lifting, steady flight, fixed-point precision deliv-

ery, and safe return. Full-time ground observers continuously 

monitored flight status, surrounding environments, and safety 

hazards throughout operations, achieving zero accidents, zero 

equipment damage, and zero hidden risks during hoisting ac-

tivities. 

To further enhance green exploration performance, the pro-

ject introduced eco-friendly film-forming mud technology and 

green cross-linking gel plugging technology developed by the 

Beijing Institute of Exploration Engineering, China Geologi-

cal Survey [37], paired with portable mud circulation systems 

enabling recycling of drilling fluid to reduce waste discharge. 

Eco-friendly film-forming mud delivers strong wellbore sta-

bilization and inhibition performance, is non-toxic, and under-

goes natural biodegradation [38], effectively stabilizing bore-

hole walls while avoiding soil and surface water contamina-

tion. Green cross-linking gel plugging materials expand upon 

contact with water for rapid borehole sealing, are eco-friendly 

and biodegradable, and are particularly suited for drilling in 

fractured strata within ecologically sensitive zones [39]. Con-

tinuous optimization of coordinated equipment workflows es-

tablished an integrated collaborative mechanism covering 

hoisting, rig assembly, drilling, material supply, maintenance, 

site demobilization, and ecological restoration. UAVs pre-

transported equipment and supplies to drill holes for rapid on-

site rig assembly; consumables were replenished mid-drilling 

based on consumption rates; full-hole completion triggered 

rapid UAV equipment evacuation and immediate ecological 

restoration, enabling seamless process handoffs, highly effi-

cient coordination, and substantially improved overall con-

struction efficiency. 

4.3. Integrated Technology and Green 

Exploration Practices 

The integrated low-load flight transportation and full-hy-

draulic drilling technology formed a standardized full-process 

construction workflow at the Maoyang Mining Area, covering 

all stages: drill hole reconnaissance, high-precision position-

ing, bench layout, low-altitude hoisting, rig installation, green 

drilling, core logging, borehole sealing post-drilling, ecologi-

cal restoration, site clearance, and equipment demobilization, 

realizing full-cycle green, standardized, and high-efficiency 

control. 

Drill hole site selection and bench layout strictly adhered to 

ecological priority and minimal-disturbance principles. Drill 

holes were preferentially sited on relatively gentle slopes with 

exposed bedrock and sparse vegetation, with RTK (Real-Time 

Kinematic) high-precision positioning applied to confirm 

borehole coordinates and meet exploration accuracy specifi-

cations. Minimal excavation was implemented for drilling 

benches, with single-rig footprint limited to 5 m2, and no per-

manent haul roads constructed—only narrow footpaths for 

personnel access, minimizing surface disturbance and vegeta-

tion removal at the source. 

Refined management governed UAV low-load hoisting op-

erations, implementing a one-route-per-UAV and one-

scheme-per-material management system. Specialized hoist-

ing plans were formulated according to material type, weight, 

and volume. Hoisting activities in complex mountain terrain 

were restricted to windless or light-wind daylight hours with 
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good visibility, with dedicated ground safety observers moni-

toring flight posture, load stability, and surrounding environ-

ments to ensure precision landings and avoid equipment col-

lisions with trees or rock outcrops. The full-hydraulic green 

drilling process centered on wire-line coring, with real-time 

drilling parameter optimization adjusted to stratigraphic con-

ditions. Smooth full-hydraulic operation reduced tripping fre-

quency and improved drilling efficiency and core quality, 

eliminating high-altitude work and hazardous steep-slope ma-

terial haulage to drastically lower labor intensity and elevate 

safety standards. 

Eco-friendly mud systems were standardized throughout 

construction: film-forming mud suppressed stratum hydra-

tion and dispersion, stabilized borehole walls, and reduced 

fluid loss without toxic contaminants that would pollute lo-

cal soil and water bodies. Green cross-linking gel plugging 

technology rapidly sealed fractured and highly fractured for-

mations to sustain continuous drilling operations. Portable 

mud circulation systems recovered, purified, and reused 

drilling fluid to cut raw material consumption and waste dis-

charge, further elevating environmental performance. Eco-

logical restoration followed the principle of “whoever con-

ducts construction undertakes restoration, with immediate 

restoration post-operation”. Following borehole completion 

and equipment evacuation, comprehensive site cleanup re-

moved construction debris, oil stains, and residual consum-

ables to restore clean site conditions. Topographic slopes 

were reconstructed via foreign soil backfilling to prevent soil 

erosion, followed by uniform sowing of native local grass 

seeds and laying of ecological vegetation blankets for soil 

moisture retention, soil stabilization, and accelerated plant 

growth. Simplified post-planting maintenance ensured rapid 

vegetation recovery and closed-loop restoration of original 

ecosystem functions [40]. 

A digital-intelligent exploration monitoring and manage-

ment system was simultaneously deployed. UAV aerial sur-

veying delivered real-time insights into construction pro-

gress, ecological disturbance extents, and on-site safety sta-

tus to support data-driven project management decisions [41, 

42]. Full digital recording of low-altitude flight operations 

enabled traceable flight trajectories, hoisting loads, opera-

tional durations, and energy consumption data. Key drilling 

parameters including penetration rate, drilling weight, foot-

age speed, and core recovery rates were automatically col-

lected and digitally managed to provide data support for 

quality control and efficiency optimization. Remote video 

monitoring was installed at key rig stations to enable real-

time oversight by off-site management personnel, improving 

cross-regional collaborative management efficiency. Com-

prehensive integration of digital-intelligent tools trans-

formed green exploration from traditional empirical man-

agement to data-driven, precise control, advancing standard-

ized and refined project management. 

4.4. Project Implementation Outcomes and 

Data Analysis 

1) Comparative Analysis of Construction Phases and 

Overall Drilling Achievements 

Construction for the Maoyang Mining Area exploration 

project commenced on October 16, 2024, and concluded on 

January 25, 2026, during which the integrated low-load flight 

transportation and full-hydraulic drilling technology was fully, 

stably, and extensively applied, delivering abundant overall 

construction outcomes with all core indicators meeting or ex-

ceeding projected targets (Tables 1 and 2). 

To objectively evaluate the practical performance of the in-

tegrated technology, two distinct construction phases (con-

ventional construction and integrated technology application) 

were established for comparative analysis under identical ge-

ological and topographic conditions (Table 1). 

Conventional construction phase (October 16, 2024 - Janu-

ary 7, 2025): 3 drilling rigs deployed, 9 boreholes completed 

with total finished footage of 2,172.70 m, monthly rig effi-

ciency of 268.23 m/rig. 

Integrated technology full application phase (February 17, 

2025 - December 31, 2025): 6 drilling rigs operating continu-

ously, 64 boreholes completed with total finished footage of 

23,610.61 m, monthly rig efficiency elevated to 374.77 m/rig, 

representing a 25%-30% efficiency improvement relative to 

conventional construction with highly evident technical bene-

fits. 

2025 constituted the core construction year with sustained, 

stable operation performance ranking among advanced levels 

for comparable Zhejiang projects: 64 boreholes completed 

with total drilling footage of 24,438.61 m. As of the statistical 

cutoff date (January 25, 2026), overall project outcomes were 

outstanding (Table 2): cumulative total drilling footage 

reached 30,190.67 m, 78 boreholes fully completed with cu-

mulative finished footage of 28,613.27 m, and maximum sin-

gle borehole depth of 1,021.66 m. All indicators including 

drilling depth, core quality, and borehole deviation complied 

fully with current industry specifications. Supplementary con-

struction support outcomes were also prominent: seven full-

hydraulic drilling rigs deployed alongside a seven-person 

fully certified UAV professional team, with construction prep-

aration time reduced by over 70% and vegetation disturbance 

lowered by more than 90%, delivering simultaneous gains in 

drilling efficiency and ecological protection. At the time of 

statistical recording, five rigs maintained continuous normal 

drilling operations while two rigs had recently completed 

borehole finishing pending demobilization, reflecting highly 

organized, orderly construction and laying a solid foundation 

for timely project completion. Dynamic variations in cumula-

tive drilling footage throughout the project are visualized in 

Figure 2, intuitively illustrating construction progress and 

overall performance. 
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Table 1. Construction Phase Data Comparison, Maoyang Mining Area Exploration Project. 

Construction Phase Timeframe 

Number of 

Deployed 

Rigs 

Completed 

Boreholes 

Finished 

Footage (m) 

Monthly Rig 

Efficiency 

(m/rig) 

Efficiency 

Improve-

ment Margin 

Conventional Construction 2024.10.16-2025.01.07 3 9 2,172.70 268.23 — 

Integrated Technology Application 2025.02.17-2025.12.31 6 64 23,610.61 374.77 25%-30% 

Table 2. Overall Construction Outcome Statistics for Integrated Drilling Project, Maoyang Mining Area. 

Indicator Specific Data 

Full Project Duration 2024.10.16 - 2026.01.25 

Cumulative Total Drilling Footage 30,190.67 m 

Total Completed Boreholes 78 units 

Maximum Single Borehole Depth 1,021.66 m 

Cumulative Finished Borehole Footage 28,613.27 m 

Reduction in Construction Preparation Time Over 70% 

Reduction in Vegetation Disturbance Over 90% 

Monthly Rig Efficiency Improvement 25%-30% 

Deployed Full-Hydraulic Drilling Rig Sets 7 sets 

UAV Professional Team 7 fully certified personnel 

 
Figure 2. Variation Trend of Cumulative Drilling Footage for Fluorite Mine Detailed Exploration Project in Maoyang Mining Area. 

2) Construction of Full-Process Low-Disturbance Green 

Exploration Technical System 

Targeting the mining area’s complex mountainous terrain 

and highly sensitive ecological baseline, a full-process low-

disturbance green exploration technical system was innova-

tively constructed to implement the green exploration philos-

ophy of “conduct prospecting within protection, realize pro-

tection through prospecting”. Combining refined construction 
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techniques, lightweight equipment deployment, and full-cycle 

ecological restoration, the system achieved coordinated pro-

gress of exploration operations and ecological conservation, 

with key technical methods and core equipment applications 

summarized below: 

Low-disturbance earth excavation (Figure 3a): a source 

control core technology for green exploration. Pre-construc-

tion UAV aerial surveying, 3D terrain modeling, and precise 

field reconnaissance enabled refined construction boundary 

delineation to eliminate over-excavation and destructive un-

regulated construction. On-site construction deployed small 

specialized machinery paired with manual trimming to pre-

cisely control excavation depth, operational range, and con-

struction rhythm, maximally preserving native vegetation root 

systems and original landform characteristics. Field measure-

ments and comparative data confirmed vegetation damage and 

environmental disturbance reductions exceeding 90% relative 

to conventional large-scale excavation, meeting fundamental 

drilling construction demands while mitigating ecosystem 

structural and functional interference, forming quantifiable 

practical paradigms for green mountain exploration. 

Minimalist pedestrian-only access construction (Figure 3b): 

a core technical measure to reduce surface disturbance, aban-

doning conventional wide, heavily excavated haul road con-

struction for a minimalist design philosophy limited exclu-

sively to pedestrian traffic. Adhering to minimal intervention 

and maximum preservation principles, no large-scale surface 

clearing, slope excavation, or soil disturbance was conducted; 

minor site trimming followed natural terrain contours to fully 

preserve native vegetation integrity and soil structural stability. 

Excavation volume and vegetation clearance were reduced by 

over 95% compared with heavy-duty transport roads, satisfy-

ing pedestrian transit and lightweight manual material 

transport requirements while fundamentally mitigating road 

construction-induced ecological connectivity disruption, bio-

diversity loss, and ecosystem fragmentation, embodying the 

green exploration concept of disturbance reduction via opti-

mized access design. 

Large-payload mountain transport UAV application (Fig-

ures 3c, 3d): a revolutionary upgrade to exploration transport 

models establishing a “transportation instead of road construc-

tion” green transport system that eliminates terrain barriers to 

material haulage. Multi-rotor modular UAVs feature rapid 

disassembly and assembly for flexible mountain deployment 

[43], equipped with high-load power systems and precise 

flight control algorithms to deliver robust mountain take-

off/landing capacity and stable transport performance (Figure 

3c). Precisely planned flight paths and flight control enable 

direct aerial delivery of drilling rigs, construction materials, 

and all exploration supplies to mountain drill sites without 

paved mountain haul roads (Figure 3d), fundamentally elimi-

nating soil erosion, vegetation loss, and habitat fragmentation 

triggered by road construction. This technology simultane-

ously shortens material transport cycles, boosts exploration ef-

ficiency, and achieves three core objectives: zero haul road 

construction, minimal environmental disturbance, and high 

transport efficiency, forming replicable, scalable technical 

pathways for green mountain exploration transportation. 

Modular lightweight drilling rig deployment (Figure 3e): 

lightweight, low-disturbance upgrading for mountain explora-

tion via split modular design optimized for low-interference 

mountain exploration requirements [44]. Small-volume, low-

weight individual rig modules can be transported to mountain 

drill sites via UAV hoisting or manual haulage without heavy 

machinery access, mitigating surface environmental disturb-

ance during equipment transport and site entry at the source. 

Drilling rigs occupy minimal temporary bench space, limiting 

damage to surrounding vegetation and soil to the lowest fea-

sible levels. Equipped with high-efficiency drilling power sys-

tems and precision sampling devices that meet geological core 

sampling and stratigraphic detection standards [45], the rigs 

drastically shorten single-hole drilling cycles and reduce sus-

tained construction-induced ecological disturbance, balancing 

minimal construction interference with maximum exploration 

performance. 

Exploration site ecological restoration and revegetation 

(Figure 3f): closed-loop terminal control for green exploration, 

breaking the traditional “destruction-first, restoration-later” 

model through a full-cycle ecological management framework 

of “simultaneous construction and restoration”. Following 

drilling completion, professional teams fully level drill sites 

and temporary construction zones, implementing foreign soil 

backfilling and soil remediation to restore disturbed surface 

structures. Native local plant species are scientifically selected 

for supplementary planting paired with post-restoration 

maintenance to rapidly recover vegetation coverage. Full-pro-

cess ecological restoration eliminates residual environmental 

impacts from exploration activities, rapidly restoring original 

mountain landscape and ensuring ecosystem integrity and sus-

tainability, delivering quantifiable, implementable practical 

models for ecologically sustainable mineral exploration. 

Collectively, integrated application of the above innovative 

green exploration technologies established a full-process 

green exploration system spanning source control, mid-stream 

disturbance reduction, and closed-loop restoration at the Mao-

yang Mining Area, resolving conflicts between mountain min-

eral exploration and ecological protection and providing tech-

nical references and practical paradigms for green exploration 

across mountainous regions of South China. 

a) Low-disturbance excavation construction, with vegeta-

tion damage rate reduced by more than 90% 

b) Minimalist exploration access only for pedestrian pas-

sage 

c) Large-load mountain transportation UAV 

d) Mountain material hoisting operation by UAV 

e) Modular lightweight drilling equipment 

f) Ecological restoration and revegetation of exploration 

site 

3) Benefit Analysis and Comprehensive Value of Inte-

grated Technology Application 
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Large-scale deployment of integrated low-load flight trans-

portation and full-hydraulic drilling technology not only ele-

vated construction efficiency but also delivered prominent 

cost-reduction and efficiency-gain effects, achieving unified 

alignment of economic, environmental, and social benefits. 

 
Figure 3. Construction Scenarios of Green Exploration and Application of Key Equipment in Maoyang Mining Area. 

Economic Benefits: The integrated transport model drasti-

cally cut expenses on vehicle rental and manual haulage by 

over 60%. Minimalist low-disturbance construction reduced 

land occupation, crop compensation costs by more than 80%, 

and ecological restoration expenditures by over 70%. Im-

proved drilling efficiency shortened total project schedules by 

more than 30%, lowering comprehensive management and 

capital occupancy costs. Overall project comprehensive costs 

were reduced by 25%-35%, demonstrating remarkable eco-

nomic performance improvements. 

To intuitively illustrate the advantages of integrated tech-

nology over conventional drilling, core performance indica-

tors under identical geological and topographic conditions are 

compared in Table 3. The integrated technology outperforms 

conventional drilling across six critical dimensions: surface 

disturbance, construction preparation cycle, monthly drilling 

efficiency, on-site safety risks, overall project costs, and envi-

ronmental performance. Key standout advantages include 

over 90% reduction in surface disturbance, 70%+ shorter 

preparation cycles, and 25%-30% higher monthly rig effi-

ciency, fully verifying the technical advancement and practi-

cality of the integrated solution. 

 

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


Science Innovation http://www.sciencepg.com/journal/si 

 

148 

Table 3. Performance Indicator Comparison.:Conventional Drilling vs. Integrated Technology Drilling. 

Comparison Item Conventional Drilling Integrated Technology Drilling 

Surface Disturbance Extensive, severe ecological damage Minimal disturbance, >90% reduction 

Construction Preparation Cycle Protracted, time-consuming Highly efficient, shortened by over 70% 

Monthly Rig Drilling Efficiency Low, limited output 
Significant performance gain, 25%-30% improve-

ment 

On-Site Safety Risks Prominent hazards, high risk grade Fully controlled, drastically reduced risks 

Overall Project Costs High investment, limited economic returns Intensive cost reduction, 25%-35% lower total costs 

Environmental Performance 
Poor eco-compatibility, substantial ecologi-

cal impacts 

Green and low-carbon, superior environmental qual-

ity 

 

Unified coordination of three core benefit dimensions was 

realized through integrated technology deployment: economic 

benefits centered on cost reduction, efficiency improvement, 

and optimized capital utilization; environmental benefits high-

lighted ecological prioritization, low-carbon operations, and 

near-zero surface disturbance to fully protect native mining 

area ecosystems; social benefits embodied industry bench-

marking for mountain green exploration, accelerated popular-

ization of integrated technologies, and coordinated advance-

ment of ecological security and mineral resource security. Fig-

ure 4 visually contrasts performance gaps between conven-

tional and integrated green exploration modes across core ben-

efit indicators, further validating the feasibility and superiority 

of integrated technology at the Maoyang Mining Area and 

forming replicable, scalable successful models for sustainable 

mountain green exploration. 

 
Figure 4. Comprehensive Benefit Comparison of Green Exploration in Maoyang Mining Area. 
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4.5. Safety Production and Quality Control 

Safety production and engineering quality were prioritized 

throughout the project lifecycle, establishing a three-tier 

safety and quality management system covering corporate 

headquarters, project departments, rig crews, and UAV flight 

teams. Full implementation of the safety production responsi-

bility system required all personnel to sign safety responsibil-

ity documents to achieve comprehensive, gapless responsibil-

ity coverage. A dual prevention mechanism of graded safety 

risk control and hidden hazard inspection and remediation was 

established, with regular risk identification, assessment, and 

targeted control measure implementation. Key high-risk activ-

ities including UAV hoisting, drilling operations, temporary 

power management, wildfire and flood prevention, and steep-

slope work were prioritized for rigorous control to eliminate 

all potential hazards. 

Personnel training ran throughout project implementation: 

all on-site staff completed three-tier safety education (corpo-

rate, project, crew-level) and passed formal assessments prior 

to job entry. Regular weekly safety meetings, technical quality 

briefings, and safety knowledge contests continuously 

strengthened staff safety awareness and operational profi-

ciency. Specialized systematic training covered UAV low-al-

titude hoisting and full-hydraulic rig operation to ensure oper-

ators fully mastered equipment performance, standard work-

flows, and emergency response protocols. 

Robust emergency capacity development was prioritized 

through joint practical emergency drills with Suichang Red 

Cross Blue Sky Rescue Team covering fire response and wild 

mountain rescue to enhance on-site personnel emergency dis-

posal and cross-team coordination capabilities. Standardized 

emergency supplies including fire extinguishers, fire sand, 

and first-aid kits were fully stocked at project camps and all 

drill benches with regular maintenance to guarantee functional 

readiness. Temporary power construction followed strict elec-

trical specifications prohibiting unauthorized wiring and ille-

gal power use. Rigorous wildfire control banned open flame 

activities, with mandatory full fire source elimination prior to 

personnel site departure and intensified patrols during high-

risk winter fire prevention periods. 

Engineering quality control strictly complied with the latest 

industrial specifications including DZ/T 0486-2024 Specifica-

tions for Borehole Quality in Solid Mineral Exploration and 

DZ/T 0487-2024 Operating Specifications for Wire-Line Cor-

ing Drill Rods. Full-process monitoring of core quality indi-

cators including core recovery rate, borehole deviation, total 

drilling depth, and borehole sealing quality ensured all bore-

holes met excellent quality standards. 

A comprehensive occupational health protection system was 

implemented: all incoming personnel completed pre-job occu-

pational health examinations with full health files established to 

confirm physical fitness for field duties. All staff signed occu-

pational health commitment letters clarifying personal health 

management responsibilities. Complete personal protective 

equipment was provided on-site with mandatory standardized 

use requirements, continuously improving field working condi-

tions to reduce labor intensity and prevent occupational disease 

hazards. The rigorous integrated safety and quality control sys-

tem enabled zero safety production accidents and zero sub-

standard boreholes over the full project lifecycle, delivering 

solid guarantees for smooth green exploration implementation 

with stable safety and quality performance. 

4.6. Technological Innovation and 

Demonstration Value 

Successful application of integrated low-load flight trans-

portation and full-hydraulic drilling technology at the Mao-

yang Mining Area delivered multi-dimensional technological 

and model innovations, forming a new industry-leading para-

digm for green exploration: 

Model Innovation: The first domestic full-chain integrated 

mountain green exploration model combining low-load flight 

transportation and full-hydraulic drilling, realizing full-pro-

cess greenization spanning upstream transportation, mid-

stream construction, and downstream ecological restoration to 

completely transform conventional exploration construction 

paradigms. 

Equipment Innovation: Optimized matching of lightweight 

full-hydraulic drilling rigs and large-payload UAV fleets to 

resolve core bottlenecks of equipment transportation to inac-

cessible steep, densely forested mountain drill sites, enabling 

large-scale, high-efficiency mountain drilling operations. 

Process Innovation: Minimal bench excavation paired with 

in-situ rapid ecological restoration processes to achieve near-

zero disturbance exploration, reaching industry-leading eco-

logical protection levels. 

Management Innovation: Comprehensive integration of 

digital-intelligent monitoring, standardized workflows, and 

integrated collaborative management to shift exploration man-

agement from empirical experience toward data-driven preci-

sion digital governance. 

Compared with conventional drilling processes, the inte-

grated model delivers comprehensive advantages: surface 

ecological disturbance is reduced from extensive severe dam-

age to near-zero levels; construction preparation durations are 

shortened from over one week to less than two days; monthly 

rig drilling efficiency rises by 25%-30%; safety risks are re-

duced from persistent high levels to fully controllable thresh-

olds; overall project costs drop by 25%-35%; and environ-

mental protection evolves from passive post-damage restora-

tion to proactive source protection, delivering prominent ho-

listic performance improvements. 

The integrated technical model boasts broad applicability, 

particularly suited for mountainous, hilly, forested, ecologi-

cally protected, water source conservation, and inaccessible 

steep-slope zones where conventional exploration faces im-

plementation barriers. It supports exploration for all solid min-
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eral types including fluorite, lead-zinc, gold, silver, and mo-

lybdenum deposits, with expandable applications in geother-

mal exploration, environmental geological surveys, and geo-

logical disaster emergency prospecting, delivering high versa-

tility and industrial promotion value. 

The successful Maoyang Mining Area practice provides di-

rectly replicable typical demonstration cases for green explora-

tion in southwestern Zhejiang mountainous regions, feasible 

technical pathways for new rounds of mineral prospecting break-

throughs across mountainous southern China, and important 

guiding effects for advancing the full geological exploration in-

dustry toward green, lightweight, digital-intelligent, and high-ef-

ficiency transformation. It carries substantial practical signifi-

cance for supporting national ecological civilization construction 

strategies and safeguarding national mineral resource security. 

4.7. Existing Deficiencies and Improvement 

Measures 

Practical implementation of the integrated technology 

model revealed several areas requiring continuous optimiza-

tion and refinement: 

Extreme weather exerts significant constraints on UAV op-

erations: strong wind, dense fog, and heavy rain suspend flight 

activities and disrupt construction continuity. 

Long-distance and high-altitude hoisting capacity requires 

further improvement to boost transport efficiency for remote 

drill hole sites. 

Precision delivery accuracy declines in dense forest zones 

due to vegetation obstruction, requiring further optimization 

of UAV positioning and delivery performance. 

Standardization and normalization frameworks for inte-

grated low-load flight transportation and drilling green explo-

ration remain incomplete, requiring validation and summary 

from additional engineering projects to establish unified na-

tional industrial standards. 

Targeted technical optimization and management enhance-

ment strategies were formulated to address the above limita-

tions: 

Equipment Upgrading: Deploy UAV fleets with stronger 

wind resistance, larger payloads, extended endurance, and 

higher intelligence to enhance adaptability to complex envi-

ronments; simultaneously develop lighter, intelligent, auto-

mated, remotely controlled drilling rigs to further reduce 

hoisting loads and assembly labor intensity. 

Technical Optimization: Promote AI (Artificial Intelligence) 

intelligent flight path planning, automatic obstacle avoidance, 

and autonomous precision delivery technologies to improve 

UAV operation stability and delivery accuracy; continuously 

refine eco-friendly mud systems and ecological restoration 

material suites to form mature, stable green process packages. 

Standardized Management: Accelerate the formulation of 

construction specifications, operation guidelines, and stand-

ardized manuals for integrated low-load flight transportation 

and drilling green exploration to standardize and normalize 

technology application; develop digital-intelligent exploration 

control platforms supporting remote command, intelligent 

scheduling, and real-time data analysis to comprehensively 

improve management efficiency; strengthen industry ex-

change, technical training, and achievement promotion to ac-

celerate widespread large-scale deployment of mature inte-

grated technical models. Further integration of comprehensive 

geophysical prospecting technology with drilling will enhance 

exploration precision and efficiency in complex mining areas. 

5. Conclusions 

Systematic engineering practice and comprehensive re-

search on fluorite exploration at the Maoyang Mining Area, 

Suichang County, yield the following core conclusions: 

Deep integration of low-load flight transportation technol-

ogy and full-hydraulic drilling technology represents an opti-

mal, scientifically sound, high-efficiency, feasible technical 

solution to resolve mineral exploration challenges in complex 

mountainous terrain and ecologically sensitive zones of south-

western Zhejiang. The integrated system achieves the inte-

grated goals of ultra-low surface disturbance, safe high-effi-

ciency construction, eco-friendly operation, and cost reduc-

tion, fully aligning with contemporary green exploration pol-

icies and high-quality industrial development trends. 

Field monitoring data fully validate the performance of the 

integrated technical model: mountain drilling construction 

preparation time is reduced by over 70%, vegetation and sur-

face ecological disturbance are lowered by more than 90%, 

monthly rig drilling efficiency rises by 25%-30%, and overall 

project costs decline by 25%-35%, delivering prominent uni-

fied ecological, economic, and social benefits. 

The project successfully constructed a complete six-in-one 

green exploration system featuring specialized professional 

teams, green lightweight equipment, integrated composite 

technologies, standardized construction workflows, normal-

ized safety management, and closed-loop ecological restora-

tion. The complete system is replicable, scalable, and capable 

of iterative upgrading, satisfying preconditions for large-scale 

industrial promotion and application. 

This integrated technical model delivers substantial theoret-

ical value, practical engineering significance, and industrial 

demonstration value for advancing green mountain explora-

tion across southern China, supporting new national mineral 

prospecting breakthrough strategies, and promoting the trans-

formative development of the geological exploration industry. 

For future research and application advancement, the pro-

ject team will continue deepening technological innovation 

and iterative upgrading: develop and deploy larger-payload, 

higher-adaptability, more intelligent low-altitude explora-

tion equipment, and accelerate the construction of an inte-

grated digital-intelligent exploration system combining 

UAVs, drilling, geophysical prospecting, geochemical pro-

specting, and remote sensing to comprehensively elevate 

overall exploration efficiency and result quality. Efforts will 
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be accelerated to compile unified national industrial stand-

ards, specifications, and technical manuals for green explo-

ration to drive standardized, large-scale promotion of inte-

grated green exploration technologies. Application scope 

will be expanded from fluorite exploration to all solid min-

eral categories, and from mountainous exploration to all eco-

logically sensitive prospecting zones nationwide, delivering 

stronger technical support for national green mineral explo-

ration. Adhering to the core development philosophies of 

green development, innovation-driven progress, harmonious 

win-win collaboration, and standardized management, the 

project team will continuously advance technological inno-

vation to support national ecological civilization construc-

tion and mineral resource security strategies, contributing to 

the high-quality development of China’s geological explora-

tion industry. 
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UAV Unmanned Aerial Vehicle 

RTK Real-Time Kinematic 

AI Artificial Intelligence 
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