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1. Introduction 
This report presents the results of geotechnical assessments of four (4) bat caves located near the proposed McPhee 
Creek mine development.  This study was undertaken at the request of Mr Dylan Tucker of Roy Hill on behalf of Atlas 
Iron Pty Ltd (Atlas) and in accordance with our proposal dated 22 December 20211. 

As stated in the proposal, the primary objectives of the assessment were to: 

• Assess the geotechnical stability of the bat caves, with specific regard to the potential impacts from blasting 
at nearby open pits 

• Provide geotechnical information on the bat caves for use in a separate blast impact assessment. 

2. Background 

 Project Setting 
The McPhee Creek project is located 30 km north of the Nullagine townsite in the Pilbara Region of Western Australia 
and involves the development of five open cut pits. 

Fauna surveys carried out at McPhee Creek have identified four bat caves located proximal to the proposed pits, 
Figure 1.  Atlas is interested in assessing the potential for vibration from drilling and blasting to cause rockfalls or 
other damage that may impact access or climatic conditions within the caves. 

 Geology and Geomorphology 
The McPhee Creek project is dominantly hosted within the Cleaverville Formation banded iron formation (BIF) with 
some pits extending into the underlying Farrel Quartzite, Figure 1.  Often the units are capped with a hydrated zone 
or ferruginous duricrust.  The stratigraphy at McPhee Creek strikes north-east (NE) and units are often bound by NE-
striking faults.  Two such faults are inferred to pass within approximately 50 m of CMPC-25 and CMPC-13, Figure 1. 

Prominent strike ridges occur across the deposit.  Several deep gullies cut through either side of the ridgelines 
draining south-east and north-west.  Typically, the ridgelines themselves consist of a 10 to 20 m high bedrock 
escarpment, in which the caves are usually located, above up to 60 m of steep, vegetated talus slopes. 

3. Available Data and Scope of Work 
Data provided by Atlas for the assessment comprised: 

• Cave Locations 
• Topographic contours (0.5 m) 
• High resolution aerial imagery of the site 
• Planned open pit footprints 
• Shapefiles for existing tracks at McPhee 
• Shapefiles for proposed mine infrastructure (e.g. haul roads). 

The scope of work outlined in our proposal consisted of: 

• A desktop study to review information on the bat caves, planned pit designs and local and regional geology 
• A site visit to carry out the geotechnical field assessments 
• Attendance at a briefing to present preliminary findings of the site visit  
• Documentation of findings in a short report. 

A site visit was attended by Mr Ronald Pollard of PSM from 1 to 2 March 2022.  A short summary of observations 
and preliminary conclusions were presented to Atlas on 18 March 20222. 

 
1 PSM3754-101L McPhee Creek – Proposal for Geotechnical Assessment of Bat Roosts and Rock Shelter. 22 December 2021. 
2 PSM3754-108O Geotechnical Assessment of Heritage Rock Shelters and Bat Caves at McPhee Creek 18 March 2022. 
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4. Engineering Geological Descriptions and Geotechnical Assessments 
of Bat Caves 

This section describes the geotechnical condition of each cave as observed during the site inspections including a 
brief description of each site and the observed features that may be susceptible to instability from blasting induced 
vibrations.  Details of the site locations are summarised in Table 1 and engineering geological conditions at each site 
are summarised in Table 2 as presented in Section 4.6. 

Table 1 – Cave Locations 

Deposit Site ID Easting (m) Northing (m) Elevation (m) 

McPhee Creek 

CMPC-10 198961 7605718 473 

CMPC-13 203450 7612606 454 

CMPC-21 202529 7609827 458 

CMPC-25 199282 7607707 478 
1 GDA94, MGA Zone 51. 

 CMPC-10 
CMPC-10 is the southernmost cave assessed in this study and is situated approximately 3 km from the planned pit 
crest, at the base of an approximately 5 m high bedrock escarpment.  The cave faces east and was accessed by 
hiking up-hill from the south.  CMPC-10 is approximately 2.5 m high, 5 m wide and 12 m deep, and appears to have 
formed along an open joint which persists along the cave roof for the first approximately 6 m from the entrance. 

Bedding dips moderately to the south, dipping out of the northern wall with partings spaced at approximately 50 to 
100 mm and open 1 to 5 mm. 

Features identified as being susceptible to blast induced vibrations at the cave entrance are presented in Inset 1.  
These include: 

• A hanging boulder, about 1.2 m in diameter situated to the top-left of the cave entrance, which is bounded 
by open joints.  The boulder appears unlikely to restrict cave access if it fell 

• Small, tabular blocks, typically < 300 mm in length, which may detach from open bedding partings dipping 
out of the northern cave wall.  
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Inset 1: Engineering geological observations of CMPC-10 Entrance 

Bedding partings persist into the cave, dipping moderately steeply out of the northern wall and may be a source of 
small (< 300 mm length), tabular rockfall.  A set of open, sub-vertical joints was observed on the northern wall with a 
joint spacing of 4 to 5 m; however, the joints do not appear to bound any susceptible blocks, Inset 2.  

Features identified as being susceptible to blast induced vibrations in the cave’s interior are presented in Inset 2.  
The most significant of these is a boulder bounded by open joints at the rear of the cave’s roof.  Rockfall was observed 
on the cave floor and is inferred to have originated from the back-left corner of the cave.  The observed rockfall does 
not appear to be recent. 
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Inset 2: Engineering geological observations of CMPC-10 Interior 
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 CMPC-13 
CMPC-13 is the northernmost cave assessed in this study and is situated approximately 170 m from the planned pit 
crest, on the south-western side of an escarpment.  The cave faces south-west with approximately 35 m of shallow 
gradient talus slope below and was accessed from the west by traversing across the plateau and then climbing down 
the escarpment.  The cave is approximately 2 m high and 6 m wide at the entrance but opens to approximately 4 m 
high at the back of the chamber, which is 12 m deep. 

The cave appears to be structurally controlled by a shallowly south-east (SE) dipping joint set, with part of the cave 
having extended along a parasitic fold axis, which is preferentially weathered and fractured.  Bedding is well 
developed and dips steeply to the north-west (NW), though bedding orientation is variable where parasitic folding 
occurs.  The cave is situated proximal to an inferred NE trending fault which offsets the Cleaverville and Wyman 
Formations, Figure 1. 

Features identified as being susceptible to blast induced vibrations at the cave entrance are presented in Inset 3.  
Tabular shaped rockfall debris ranging from 40 to 200 mm in length was observed at the cave entrance and appears 
to have detached along intersecting bedding partings and orthogonal joints.  New blocks have the potential to form 
where bedding partings are intersected by the consistent, moderately SE dipping joint set, which has a spacing of 
about 1.5 m.  

 

Inset 3: Engineering geological observations of CMPC-13 Exterior 

Features identified as being susceptible to blast induced vibrations in the cave interior are presented in Inset 4.  Two 
hanging blocks were observed on the cave roof within 2 m of the entrance, both of which are around 1 m in size.  
Further blocks have the potential to form where bedding partings are intersected by the moderately SE dipping joint 
set, though tabular rockfall debris is less common within the cave. 

The passage in the eastern corner of the cave, leading to the rear chamber, has developed along the SE dipping 
joint set, Inset 4.  Joints in this area have persistence of < 2.5 m and do not appear to be bounding any hanging 
blocks.  This joint set was not observed within the rear chamber. 
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Inset 4: Engineering geological observations of CMPC-13 Interior 
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 CMPC-21 
CMPC-21 is situated within a gully on the southern side of an escarpment approximately 780 m from the planned pit 
crest.  The cave entrance faces south-west with approximately 20 m of moderate gradient talus slope below.  The 
cave was accessed from the north by using existing tracks along the ridge and then climbing down the escarpment.  
The chamber is approximately 1.5 m high, 3 m wide and 2 m deep. 

No consistent joint sets or bedding defects were observed in the cave or escarpment.  Some rockfall debris appears 
to have travelled down the gully below the cave entrance, onto the talus slope below.  Two skylights were present in 
the back corners of the cave. 

Features identified as being susceptible to blast induced vibrations are presented in Inset 5 and comprise: 

1. Overhanging boulders up to 8 m in diameter observed north-west of the cave.  These would be expected to 
fall away from the cave entrance. 

2. Roughly tabular hanging blocks up to 1 m in diameter were observed in the cave roof, bounded by randomly 
oriented, open joints.  Tabular rockfall debris ranging from 0.3 to 1.0 m in size was also observed on the 
cave floor. 

3. The gully in which the cave is situated shows evidence of surface water drainage, which may flow through 
the cave via the skylights in the back of the chamber.  Flowing surface water could potentially remobilise 
rockfall debris or contribute to further rockfall where open defects are present in the cave interior. 

 

Inset 5: Engineering geological observations of CMPC-21 
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 CMPC-25 
CMPC-25 is situated on the south-east side of a north-east trending ridgeline, approximately 1.2 km from the nearest 
planned pit crest.  The cave entrance faces south with approximately 45 m of moderately steep talus slope below.  
The cave is approximately 3.5 m high, 6 m wide and 20 m deep and was accessed by traversing the valley to the 
north and then climbing down the south-facing escarpment.  

Loose boulders, ranging from 1 to 3 m in diameter, were observed on the escarpment above the cave but would be 
expected to fall clear of the cave entrance.  A sub-vertical joint set dipping to the east was observed on the western 
side of the cave with a 1 to 2 m spacing, Inset 6. 

Features identified as being susceptible to blast induced vibrations at the cave entrance are presented in Inset 6.  
Two large hanging boulders bounded by open joints were observed near the cave entrance. 

1. One boulder, observed above the cave, may fall towards the cave entrance but would not be expected to 
block access to the cave. 

2. A second boulder on the eastern side of the cave entrance would likely fall down-slope, away from the cave. 

 

Inset 6: Engineering geological observations of CMPC-25 Exterior 

Two joint sets were observed inside the cave.  A sub-vertical set dipping SW with 0.7 to 1.5 m spacing was observed 
on the western side of the cave.  A second, horizontal set, consisting of two observed joints, was observed in the 
cave roof approximately halfway into the cave.  Neither joint set appears to bound any hanging blocks.  Bedding is 
well developed in the cave interior and dips moderately to steeply to the SE. 
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Features identified as being susceptible to blast induced vibrations in the cave interior are presented in Inset 7 and 
comprise: 

• An approximately 1 m diameter, hanging boulder bounded by open joints in the crown near the back of the 
cave.  A similar boulder occurs in the crown of the ~3 m deep cavern located on the eastern wall of the 
cave 

• Tabular hanging blocks located on the back wall of the cave, bounded by randomly oriented open joints 
• Open bedding partings bounding small (< 100 mm long) blocks on the roof of the cave.  Minor rockfall on 

the cave floor indicates previous incidents of rockfall detaching from bedding. 

 

Inset 7: Engineering geological observations of CMPC-25 Interior 

 Assessment of Rock Mass Rating 
An assessment of rock mass rating (RMR) at each site was requested by Atlas for use in blast impact assessments.  
RMR89 has been estimated by visual assessment of the Geological Strength Index (GSI) using the chart for jointed 
rocks published by Marinos and Hoek (2000)3.  GSI charts and indicated ranges are presented in Appendix A and 
results are summarised in Table 2. 

Some caves include distinctions in rock mass quality between the exterior and interior of the cave.  In these cases, 
two RMRs are provided with details of the applicable areas noted in Table 2. 

 Geotechnical Assessment Summary 
Table 2 summarises the geotechnical conditions and susceptible features for each of the four bat cave sites 
described above.  
 
 

 
3 Marinos, P. and Hoek, E. (2000) GSI: A Geological Friendly Tool for Rock Mass Strength Estimation. Proceedings of the GeoEng 2000 at the 

International Conference on Geotechnical and Geological Engineering, Melbourne, 19-24 November 2000, 1422-1446. 
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Table 2 – Summary of Observed Engineering Geological Characteristics of Caves at McPhee Creek 

Rock 
Shelter ID 

Approx. 
Distance from 

Planned Pit 
Crest (m)1 

Approx. 
Dimensions (m) Lithology and 

Rock Mass 
Description 

Field 
Estimated 
Intact Rock 
Strength 

Estimated 
RMR89 Observed Geological Structure Observed Features Assessed to be Susceptible to Blasting Induced Vibrations 

H W D 

CMPC-10 3,160 2.5 5 12 Quartz rich 
sandstone 

Medium 
strength (R3) 
to low 
strength (R2) 

All Areas 
68 

Bedding:  
Moderately south-dipping, dips out of the northern wall of the cave. 
Open 1-5 mm, spaced 50-100 mm. 
Joints:  
1. Single joint dipping moderately to the north-east. Open 1-30 

mm with iron oxide staining. Persists to cave roof but only 
observed in first ~6 m of the cave. Possible controlling 
structure on cave formation. 

2. Sub-vertical joint set, only observed on north wall of cave. 
Spaced 4-5 m apart, open and iron stained 

Exterior:  
1. A hanging boulder, ~1.2 m in diameter situated to the top-left of the cave 

entrance, which is bounded by open joints. The boulder appears unlikely to 
restrict cave access if it fell.  

2. Small, tabular blocks, typically < 300 mm in length, which may detach from open 
bedding partings dipping out of the northern cave wall. 

Interior:  
1. A hanging boulder in south-west corner of cave bounded by open joints. The 

boulder may partially restrict foot access to the back corner of the cave 
2. Bedding partings persist into the cave, dipping moderately steeply out of the 

northern wall and may be a source of small (< 300 mm length), tabular rockfall. 

CMPC-13 169 2 6 20 

Cherty BIF 
Hydrated, 
elongate vugs 
(5-10 mm 
aperture) along 
bedding 

Medium 
strength (R3) 
to high 
strength (R4) 

Exterior 
67 

Interior 
62 

Bedding: 
Well developed, dips steeply to the NW with parasitic folding 
throughout the cave. Parts of the cave have developed along a 
parasitic fold hinge zone. 
Joints:  
1. Shallow to moderate dipping to the SE (~120º dip direction 

(DDr.)). Open 2-10 mm, iron stained, consistent ~1.5 m spacing.  
2. Sub-vertical joints sub-parallel to the cave face, dipping steeply 

to the NE (only two joints observed).  

Exterior:  
1. Potential for blocks to form where bedding partings intersect the SE dipping joint 

set. Slabs detached from bedding (40-250 mm in size) were observed on the 
ground near the cave entrance. 

Interior:  
1. Two hanging blocks were observed on the cave roof within 2 metres of the 

entrance, both of which are ~1m in size. 
2. Potential for blocks to form where bedding partings intersect SE dipping joint set, 

though tabular rockfall debris is less common within the cave. 

CMPC-21 780 1.5 3 2 
Hydrated 
Channel Iron 
Deposit (CID) 

Very low rock 
strength (R1) 
to medium 
strength (R3). 

All Areas 
76 

Bedding:  
No bedding observed 
Joints:  
No observed joint sets. Open fractures are discontinuous and 
appear randomly oriented. 

1. Hanging blocks up to 1 m wide on cave roof, bounded by discontinuous, open 
joints.  

2. Large overhanging boulders (up to 8 m in diameter) north-west of the cave 
entrance. These appear likely to fall away from the cave entrance. 

3. Surface water flowing through the cave via skylights near the rear of the chamber 
could potentially remobilise rockfall debris or contribute to further rockfall where 
open defects are present in the cave interior. 

CMPC-25 1,220 3.5 6 20 Quartzite 

Medium 
strength (R3) 
to high 
strength (R4) 
Low strength 
(R2) in highly 
fractured 
areas 

Exterior 
74 

Interior 
67 

Bedding:  
Bedding is indistinct and dips moderately to steeply to the SE (160º - 
170º DDr). Open 1-5mm, iron stained, spaced 60-500mm. 
Joints:  
1. Sub-vertical set dipping to the east. Discontinuous, open 2-10 

mm with iron oxide and manganese staining. 1-2 m spacing. 
Only observed on the western side of the entrance 

2. Sub-vertical set dipping to the SW. Open 5-10 mm with iron 
oxide staining, ~0.7-1.5 m spacing. Only observed on the 
western wall of the cave interior. 

3. Horizontal joints in the roof where the cave opens to the rear 
chamber. Open 1-10 mm and spaced ~1 m apart (only two 
joints observed) 

Exterior:  
1. Hanging boulder observed above the cave, which may fall towards the cave 

entrance but would not be expected to block access to the cave.  
2. A second hanging boulder on the eastern side of the cave entrance would likely 

fall down-slope, away from the cave entrance. 
Interior:  
1. An approximately 1 m diameter, hanging boulder bounded by open joints in the 

crown near the back of the cave. A similar boulder occurs in the crown of the 
~3m deep cavern located on the eastern wall of the cave. 

2. Tabular hanging blocks located on the back wall of the cave, bounded by 
randomly oriented open joints.  

3. Open bedding partings bounding small (< 100 mm long) blocks on the roof of the 
cave. Minor rockfall on the cave floor indicates previous incidents of rockfall 
detaching from bedding. 

1 Distance from the nearest planned pit footprint to the cave entrance.  
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5. Summary

Geotechnical assessments have been completed at four bat caves at Atlas’ McPhee Creek project.  The 

assessments document the current observed condition of the cave and identify features at each site that may be 

susceptible to blasting induced vibrations.  These features range from small loose rocks in the cave walls and crown, 

to large hanging boulders that may present a more significant instability risk. 

All caves were found to include loose rock of varying sizes either inside the crown and walls or immediately outside 

the cave entrance.  In all cases these rocks would not be expected to cause complete loss of access to the caves.  

CMPC-10 and CMPC-13 are structurally controlled caves that have formed along open defects.  CMPC-10 appears 

to have formed along a steeply dipping, open joint that persists along the cave roof.  CMPC-13 has formed along a 

consistent moderately SE dipping joint set and in some areas further developed along a parasitic fold hinge zone.  

Cave CMPC-25 was also identified as containing significant open defect sets.  Along with those described in CMPC-

10 and CMPC-13, these defects may be susceptible to further dilation due to blast induced vibrations, with potential 

for defects intersecting the cave to propagate through to the surface, possibly resulting in changes to climatic 

conditions within the cave.  None of the assessed caves are within 100 m of the proposed pit footprints. 

Deposit-scale faults are inferred to pass within 50 m of caves CMPC-13 and CMPC-25.  Although the faults were not 

observed in the field, there is potential for structure guided waves to cause local amplification of vibrations along 

these structures, particularly where blasting takes place in close proximity to the faults.  

Although good blasting practices may limit damage in these caves to acceptable levels for conservation purposes, 

changes to the rock mass in and around the caves as a result of blasting induced vibrations have the potential to 

produce new geotechnical hazards that have not been specifically identified in this study.  Following any blasting, a 

careful assessment should be made as to whether any changes, such as dilation of defects or movement of rock, 

have occurred before any personnel approach the caves.  If changes are observed, a new geotechnical assessment 

should be sought before work is conducted in or around the caves. 

6. Closing

We trust this report meets your current requirements.  Please do not hesitate to contact the undersigned if you 

have any questions. 

Yours Sincerely 

RONALD POLLARD DUNCAN NOBLE 

ENGINEERING GEOLOGIST SENIOR ENGINEERING GEOLOGIST 

MARK EGGERS 

CHIEF ENGINEERING GEOLOGIST 
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Glossary 

Alteration 
Involves the modification and replacement of the original minerals in a rock with a new suite of 

minerals with different chemistry. 

Bedding parting 
A parting lineation is a sedimentary structure commonly found on the surface of parallel-

laminated sandstones or siltstones. 

BIF Banded Iron Formation: A distinctive type of rock often found in primordial sedimentary rocks.  

Dip The acute angle that a rock surface makes with a horizontal plane. 

Dip Direction The bearing the Dip is declined in. 

Escarpment 
A transition zone between different physiogeographic provinces that involves an elevation 

differential, characterized by a cliff or steep slope. 

Hydrated Zone A secondary mineralised zone formed by surface weathered processes. 

Joint A discrete discontinuity surface without evidence of displacement. 

Mineralisation 
The hydrothermal deposition of economically important metals in the formation of ore bodies or 

"lodes". 

Shear A discrete discontinuity surface with evidence of displacement. 

Strike Is the direction of the line formed by the intersection of a rock surface with a horizontal plane. 

Talus 

A collection of broken rock fragments at the base of crags, mountain cliffs, volcanoes or valley 

shoulders that has accumulated through periodic rockfall from adjacent cliff faces. Landforms 

associated with these materials are often called talus deposits. 

UCS 
Unconfined compressive strength: The maximum axial compressive strength that a material 

can withstand under unconfined conditions. 

Vein A mineral filling of a fracture or other crack within a rock in a sheet-like or tabular shape. 

Vughs 
Small cavities within the rock mass formed as a result of a reduction in volume through mineral 

alteration processes. 

Waviness 
Is the measurement of the more widely spaced component of surface texture associated with 

structural defects or bedding. 
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Figure 1: Location of bat caves (left) and GSWA 100k bedrock geology and structures (right) at the McPhee Creek project   



 

PSM3754-107R  |  29 March 2022   

 

 

Appendix A  

GSI Assessments  



All Areas

Shelter GSI Range GSI Best 

Estimate

Equivalent 

RMR89

CMPC-10 

All Areas
56 – 70 63 68

Visual 

GSI

CMPC-10



Exterior

Shelter GSI Range GSI Best 

Estimate

Equivalent 

RMR89

CMPC-13 

Exterior
55 – 69 62 67

CMPC-13 

Interior
50 – 64 57 62

Interior

Visual 

GSI

CMPC-13



All 

Areas

Shelter GSI Range GSI Best 

Estimate

Equivalent 

RMR89

CMPC-21 

All Areas
65 – 77 71 76

Visual 

GSI

CMPC-21



Exterior

Shelter GSI Range GSI Best 

Estimate

Equivalent 

RMR89

CMPC-25 

Exterior
63 – 77 69 74

CMPC-25

Interior
55 – 68 62 67

Interior

Visual 

GSI

CMPC-25
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