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ABSTRACT 

Situated in the rural area of Panzhihua City, Sichuan Province, China, PT iron mine is a late 

magmatic differentiation-type stratified iron-titanium deposit. The orebody strikes nearly east-west, 

with a length of about 700m and a width of about 400m at a dip angle of 40°. The hanging wall 

portion of the orebody features low-grade ore and its footwall portion features industrial ore, i.e, 

high-grade ore. Currently the mine is in production by means of open-pit mining. As the production 

goes on, a slope of up to 690m high will be formed on the southern wall at the end of the open pit 

mining. Then the mine will be transitioning to underground mining adopting block and panel 

caving method with a designed ore production capacity of 6 million tonnes per year. To ensure a 

successful application of block and panel caving, a series of rock mechanics researches have been 

conducted which include in-situ stress testing, physical and mechanical testing of rock, on-site 

geotechnical survey and cavabilty assessment of rock mass. The research results show that the 

industrial orebody is a poor rock mass with a RMR rating of 48 and a MRMR rating of 43 and the 

low-grade orebody is a good rock mass with a RMR rating of 59 and a MRMR rating of 57. To 

ensure a continuous caving propagation in the low-grade orebody and the hanging wall rock, 

preconditioning by hydraulic fracturing will be used to improve the cavability of rock mass. Based 

on the shape and dip angle of the orebody, the general mining development layout used in 

Tongkuangyu copper mine in China will be adopted, which has one main production level and 

several auxiliary production levels in every mining lift. The access development system consists of 

a service shaft, a ramp and a main shaft followed by a belt conveyor decline in the deep section. 

The mine construction is expected to begin in 2025. 

1 MINE OVERVIEW 

PT iron mine is located at Panzhihua City, 

Sichuan Province, China. The highest point of 

the mine site is 2607m in elevation above sea 

level, and the lowest point is 1283m in 

elevation, with a relative height difference of 

1324m. The average slope in the mountainous 

mine area is 20-35°, with a maximum slope of 

up to 45° or more in localized area. The mine 

area features south subtropical dry monsoon 

climate, where the average annual air 

temperature is 19.6℃, the frost-free period is 

340 days per year and the average annual 

precipitation is 1097.6mm. 

PT iron mine was put into operation in 1995 as 

an open-pit mine, and has gone through a 

number of production rate changes. The current 

open-pit ore production capacity is 8.5 million 

tonnes per year. The designed final pit bottom 

elevation will be 1510m above sea level. At the 

end of the open-pit mining, it will transit to the 

underground mining stage. Block and panel 

caving method is proposed for underground 

mining with a production capacity of 6 million 

tonnes per year. A panoramic photo of the open 

pit is shown in Figure 1. 

doi:10.36487/ACG_repo/2435_Q-05

https://doi.org/10.36487/ACG_repo/2435_Q-05


9th International Conference and Exhibition on Mass Mining, Kiruna Sweden 17-19 September 2024 

1512 

 

 
Figure 1 Panoramic photo of open pit. 

2 CHARACTERISTICS OF OREBODY 

AND MINING TECHNICAL 

CONDITIONS  

2.1 Characteristics of orebody 

PT iron mine is a late magmatic 

differentiation-type stratified mineral deposit. 

The orebody is about 700m in length and 400m 

in the north-south width of horizontal 

projection, with a dip direction of around 180° 

and a dip angle of around 40°. The strike of the 

orebody is nearly east-west and the oblique 

length of the orebody is 220m～1200m. The 

low grade orebody overlays the industrial 

orebody, i.e., rich orebody. There is no distinct 

boundary between the waste and the orebody, 

but the iron (Fe) grade varies. The average 

thickness of the industrial orebody is 42 m 

grading 30.76% TFe (total iron) and 12.76% Ti. 

The low-grade orebody is thicker in the north 

grading 17.90% TFe and 7.76% Ti (titanium), 

which tends to become thinner in the south. The 

resources are shown in Table 1 and the 

morphology of the orebody is shown in Figure 

2. 

2.2 Mining geotechnical conditions 

The main aquifers of PT iron mine are the 

weathered fissure aquifer and tectonic fissure 

aquifer, and the eluvial-deluvium is permeable 

but not water-bearing. The weathered fissure 

aquifers exist only in localized areas, which are 

characterized by weak water yield, thin 

thickness and primary atmospheric 

precipitation recharge to occur only in rainy 

season. Hydrogeology of the fissure aquifers of 

this mine is identified as simple as far as water 

recharge is concerned. 

Table 1 PT iron mine resource estimation 

Orebody 

Resource 

Ore (Mt) 
Grade TFe 

(%) 

Grade Ti 

(%) 

Low grade 

orebody 
87.19 17.90 7.76 

Industrial 

orebody 
202.41 30.76 12.76 

 
Figure 2 PT iron mine orebody section. 

The mine area is dominated by relatively hard 

massive and bedded rocks. The rock body is 

mainly of overall structure, massive structure 

and mosaic structure, bedded structure and 

stratified fracture structure. The stability of the 

rock body mainly depends on the degree of 

tectonic fracture and weathering zone. Within 

the mine area, the topography is relative 

complicated, the geological formation is fairly 

complex, and there are localized soft and weak 

discontinuities, where stability problems exist. 

The geotechnical conditions of the mining area 

are moderate, featuring mainly stratified-blocky 

rock types. 

3 EVALUATION OF CAVABILITY 

3.1 Geotechnical investigation 

Three-dimensional laser scanning method is 

adopted to investigate and count the 

discontinuities of the rock masses on the 

open-pit slope. A statistical analysis of the rock 
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discontinuities is shown in Table 2 and Figure 2, 

and the details of the predominant 

discontinuities of the various types of rock 

masses are given as follows as a result of the 

statistical analysis. 

Table 2 Summary of the rock discontinuities 

Rock Mass Joint 
Dip 

direction(°) 

Dip 

angle (°) 

Density 

(discontinuities/m) 

Cubic density 

(discontinuities/m3) 

The 

industrial 

orebody 

First set 30 64 2.27 

5.64 

Second set 113 28 0.94 

Third set 99 64 0.42 

Fourth set 194 51 1.52 

Other    0.09 

The 

low-grade 

orebody 

First set 332 64 1.27 

4.74 

Second set 29 65 1.06 

Third set 79 70 0.53 

Fourth set 98 27 0.88 

Fifth set 190 53 0.67 

Other    0.33 

The 

hanging 

wall 

First set 48 46 1.18 

2.79 Second set 309 47 0.71 

Other    0.90 

 
Figure 3 Statistical analysis of rock discontinuities. 
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3.2 Geomechanics of Rock 

The geomechanical testing of the rock are 

shown in Table 3. 

 

 

Table 3 Summary of rock geomechenical testing  

No

. 

Rock  

Properties 

Tensile Strength Compressive strength Shear strength 

Average 

(MPa) 

Average 

(MPa) 

Elastic 

modulus 

(GPa) 

Poisson's 

ratio 

Cohesion 

(MPa) 

Friction 

angle (°) 

1 Gabbro 11.34 156.37 47.08 0.183 29.14 49.94 

3 

Low 

grade 

orebody 

8.74 98.45 36.24 0.235 22.83 42.82 

4 
Industrial 

orebody 
5.96 53.48 27.19 0.251 10.34 41.97 

5 Pyroxene 10.84 114.63 41.71 0.176 22.34 48.52 

3.3 In-situ stress distribution 

Hydraulic fracturing method was used to 

measure in-situ stress. The maximum principal 

stress direction is NW41.5°. The relationship 

between in-situ stress and depth below the 

ground surface is calculated as follows: 

σH=4.65+0.024H (1) 

σh=2.47+0.019H (2) 

The results of the field tests are shown in Table 

4, where σH stands for the maximum in-situ 

stress, MPa; σh stands for the minimum in-situ 

stress, MPa; and σv for gravity, MPa; H for 

depth below the ground surface, m. 

3.4 Rock quality and Cavability Evaluation 

Rock cavability assessment and caved ore 

fragmentation are the base of the design and 

production of a block caving mine (Brown E T, 

2003; XiaoYun Chen et al., 2020). They play a 

key role to the undercut direction, the starting 

undercut area, the layout of draw points and the 

production levels, the pre-split of the footprint 

boundary, the selection of mining equipment, 

the draw control, the safety management and 

the technical and economic indexes, and so on. 

 

 

Table 4 Hydraulic fracturing in-situ 

stress measurements 

Depth  

(m) 

Principal stress (MPa) 

σH σh σv 

70 7.52 4.54 2.13 

117 9.06 5.72 3.55 

155 9.49 6.14 4.71 

192 11.45 7.56 5.83 

245 10.69 7.24 7.46 

299 11.92 8.23 9.09 

346 14.60 10.18 10.51 

396 15.60 11.01 12.03 

439 16.08 11.47 13.34 

495 16.39 11.87 15.04 

532 17.86 12.98 16.16 

Here we adopt RQD value method, Rock Mass 

Rating, Mining Rock Mass Rating to grade the 

quality of the rock mass. The research results 

show that the industrial orebody is a poor rock 

mass with a RMR rating of 48 and a MRMR 

rating of 43 and low-grade orebody is a good 

rock mass with a RMR rating of 59 and a 

MRMR rating of 57. The cavability of the 

industrial orebody is easy, that of the low-grade 

orebody is medium to difficult, and the 

cavability of the hanging wall is difficult. The 

cavability evaluation results are shown in Table 

5. 
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Table 5 Cavability evaluation results 

Rock mass area 

Joint cubic 

density 

( discontinui

ties/m3) 

RQD (%) RMR MRMR Cavability 

Industrial orebody 5.64 30 - 44 48 43 Well - Fair 

Low-grade orebody 4.74 83 59 57 Fair - poor 

Hanging wall 2.79 80 61 64 poor 

4 PRE-CONDITIONING OF 

HYDRAULIC FRACTURING 

As the cavability of the low-grade orebody and 

the hanging wall is from medium to difficult, it 

is very important to realize the continuous 

caving of low-grade orebody and hanging wall 

and keeps the caved fragmentation within a 

reasonable range. Therefore, the 

pre-conditioning of the low-grade orebody and  

the hanging wall should be needed. The 

pre-conditioning by hydraulic fracturing 

(Yuming Liu et al., 2020, 2022; W Li et al., 

2020; R Rimmelin et al., 2020) is thought to be 

used to promote the cavability of the rock and 

improve the caved fragmentation. The 

arrangement of hydraulic fracturing drill holes 

is shown in Figures 4 and Figures 5, and the 

fracturing will be carried out at intervals of 

1.5m - 2.0m. 

 

1-industrial orebody; 2-low-grade orebody; 3-open 

pit 1564m pit border; 4-1600m horizontal ramp 

access; 5-ventilation intake air and service shaft; 

6—hydraulic fracturing adit; 7—hydraulic fracturing 

drilling. 

Figure 4 The layout of hydraulic 

fracturing drill holes in level 

1564m. 

 

1-industrial orebody; 2-low-grade orebody; 

3-surface topography; 4-open pit; 5—hydraulic 

fracturing drill hole; 6-gabbro; 7-pyroxenite. 
Figure 5 Hydraulic fracturing profile 

schematic. 

5 UNDERCUT SEQUENCE SCENARIO 

According to the characteristics of dip angle 

and thickness of the orebody, the block caving 

mining stage can be divided into 3 sections, see 

Figure 6 and Table 6. This paper mainly 

introduces the mining design of lift 1. 
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Table 6 Resources of lift 1 of PT iron mine 

Production 

Level Name 
Elevation 

Drawpoint 

(sets) 

Resource 

(million 

tonnes) 

Grade TFe 

(%) 

Grade Ti 

(%) 

Main-level 1348mL 527 42.58 21.50 9.14 

Sub-level 

1384mL 172 19.30 21.53 8.00 

1420mL 128 11.21 21.21 8.70 

1456mL 262 22.45 20.25 8.33 

1492mL 33 4.04 21.44 8.54 

1528mL 31 3.56 22.09 8.95 

Total  1153 103.14 21.22 8.86 

 
Figure 6 The production levels of the block caving 

After the completion of open pit mining, PT 

iron mine will form a pit with a slope as high as 

690m in the south side. The orebody dips to the 

south, and the orebody is just lying below this 

high slope. So the control of safety risk is 

particularly crucial. The undercut sequence has 

become the key to the production safety. 

Based on the comprehensive consideration of 

the cavability, the orebody morphology, the 

in-situ stresses, the rock mass characterization, 

the distribution of the orebody grade and other 

factors, PC-BC software is used to calculate the 

ore grade values of the undercut sequence Ⅰ and 

the undercut sequence Ⅱ. The undercut 

sequence Ⅰ is from the west to the east, from the 

footwall upward to the hanging wall. The 

undercut sequence Ⅱ is from the east to the 

west, which is finally determined to be the 

better plan. In addition, the undercut sequence 

II can reduce the safety risk and make the 

caving back fast connected upwards with the 

open pit and achieve the designed production 

rate as soon as possible. The undercut sequence 

is shown in Figure 7. 
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Undercut sequence Ⅰ Undercut sequence Ⅱ 

Figure 7 Comparison of caving sequences 

6 MINE ENGINEERING DESIGN 

A kind of production system layout similar to 

Tongkuangyu copper mine in China will be 

adopted in PT iron mine, i.e., one main 

production level plus multiple auxiliary 

production levels. The mine's access 

development system consists of a multi-purpose 

service shaft, a ramp and a main shaft followed 

by a belt conveyor incline in the deep section. 

See Figure 8 for details. 

 

1-multi-purpose service shaft; 2-main shaft; 3-1787m intake air shaft; 4-final pit boundary; 5-1867m return air; 

6-return air raise；7-ramp; 8-intake air raise; 9-return air raise; 10-pump station; 11-orepass; 12- orebody; 

13-1320m track haulage level; 14-1334m intake air level; 15-1348m extraction level; 16-1384m extraction level; 

17-1420m extraction level; 18-1456m extraction level; 19-1492m extraction level; 20-1528m extraction level; 

21-1334m intake air level; 22-1363m undercut level; 23-1220m recovery level; 24-1200m loading conveyer 

level; 25-1125m spilling ore recovery level. 

Figure 8 Longitudinal projection of access development system. 

From the bottom to the top, five main levels are 

envisaged in the Lift 1, respectively 1320mL 

track haulage level, 1334mL intake air level, 

1348mL production level, 1356mL return air 

level and 1363mL undercut level. The height 

difference between the top and bottom of each 

level is 14m, 14m, 8m and 7m, respectively. 

The undercut level lies 15m above the 
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production level which lies 28m above the track 

haulage level. 

6.1 Production level 

Based on the mining technical conditions of the 

deposit, the rock stability of the bottom 

structure and the control requirement of ore loss 

& dilution, the production drifts are arranged 

perpendicular to orebody strike at a spacing of 

30 m. The drawpoints intersects with the 

production drift at an angle of 50° in order to 

better accommodate the manoeuvring of 14t 

LHDs, which are spaced at 15 m with 

herringbone layout, as show in Figure 9. The 

drawbell is 14m in length and 15m in height, 

with a width of 4.2m at the lower part and a 

width of 10m at the upper part. The vertical ore 

passes are arranged along the orebody strike, 

which are 5.0 m in diameter and about 60m 

spacing. A grizzly with a mess of 1.1 m by 1.1 

m is placed at the top opening of each ore pass. 

 

 

1-industrial orebody; 2—low-grade orebody; 3—return air raise; 4—intake air shaft; 5—ramp; 6—maintenance 

chamber; 7—orepass; 8-intake air raise. 

Figure 9 The 1348mL production level layout. 

6.2 Undercut level 

The undercut level lies 15m above the 

production level. Long-hole rigs such as Simba 

1354 will be used for drilling undercut blast 

holes, which are 76mm to 89mm in diameter 

and are set with a row spacing of 2.0 m. Two 

parallel undercut drifts are arranged above and 

between two production drifts. The spacing of 

the undercut drifts is respectively 13 m or 17 m. 

The maximum undercut height is 10m. See 

Figure 10. 
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Figure 10 Partial layout of production level and layout of undercut blast holes. 

6.3 Intake air level and return air level 

The ventilation system of air intake in the 

middle of the orebody and air return in the 

hangingwalls and footwalls is adopted in the 

production level. The 1334mL intake air level 

lies 14 m below the production level, connected 

with each production drift through the air intake 

raises which are 2.0 m in diameter. 

The 1356mL return air level lies 8 m above the 

production level. The return air raise is 

arranged on the outside of the roadway outside 

the production level, connected to the main 

level through the return air ramp. 

6.4 Haulage level 

The 1320m haulage level is arranged in a mode 

of ring route, using twin 20 tonnes electric 

locomotives to haul 10m3 bottom-dump ore 

carts to the unloading station. Ore is 

automatically unloaded into the ore bin above 

the crushing station through the unloading 

station, and then the crushed ore enters into the 

finished product bin of the main shaft, then 

lifted out to the ground surface by the skips of 

the main shaft. The waste rock is automatically 

unloaded into the waste rock bin through the 

unloading station, and then lifted out to the 

ground surface by the skip in the multi-purpose 

shaft. 

6.5 Sub level 

Based on the orebody shape, in order to fully 

recover the ores in the footwall outside the 

footprint range of the production level, a total 

of 5 sub levels including 1384mL, 1420mL, 

1456mL, 1492mL and 1528mL (the undercut 

level is 15m higher than the production level) 

have been set up near the orebody-waste 

boundary in the footwall of the orebody 

respectively. The sub-level ore orepasses are 

arranged at the outside of the roadway along 

the strike in the footwall. The ore of the sub 

level is directly lowered to the 1320m haulage 

level through the ore pass. 

7 CONCLUSIONS 

We have carried out on-site investigation and 

3D laser scanning of the open-pit slopes of the 

PT iron mine, compiled and investigated the 

geotechnology of the drill cores, physical and 

mechanical testing of rock, in-situ stress testing. 

On this basis, using the RQD value, RMR, 

MRMR to grade the quality of the rock mass. 

The cavability of the industrial orebody is as 

easy, that of the low-grade orebody as medium 

to difficult, and that of the hanging wall as 

difficult. As the cavability of the low-grade 

orebody and the hanging wall is from medium 

to difficult, the pre-conditioning by hydraulic 

fracturing is thought to be used to improve the 

cavability of the rock mass. 

The general mining layout used in 

Tongkuangyu copper mine (YM Liu et al., 2016, 

2020) in China will be adopted in the PT iron 

mine, which has one main production level and 

several auxiliary production levels in every 

mining lift. The access development system of 

PT iron mine consists of a multi-purpose shaft, 
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a ramp and a main shaft followed by a belt 

conveyor incline in deep section. The 

construction of the underground engineering of 

PT iron mine is expected to begin in 2025. 
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