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Dear Sirs, 
 

 
TECHNICAL REVIEW OF THE CHATREE GOLD PROJECT 

 
 
Gemell Mining Engineers has been requested by Akara Resources Public Company Limited 
(“Akara”) to provide a technical report on its Chatree Gold Mine and exploration tenements, 
jointly termed the Chatree Gold Project, in central Thailand. 
 
It is understood that this Technical Review is to be included in an Offering Memorandum to 
be issued in or around September 2013.  The purpose of this report is to provide a concise 
description of the Chatree Gold Project and the necessary background information to permit 
evaluation of the existing operations and development potential of this project.  The report is 
for use by yourselves, officers and shareholders of Akara by inclusion in the Offering 
Memorandum and should not be relied upon for any other purpose. 
 
The principal assets associated with the Chatree Gold Project are: 
 
• the holding of a group of mining leases covering the deposits forming the Chatree Gold 

Mine, near Khao Sai in Thailand; 

• the ownership or usage rights of all surface land within the area covered by the mining 
leases, in addition to land outside the mining leases; 

• a gold ore processing facility and associated infrastructure, capable of treating up to 
approximately 6.4 million tonnes per year of low- to medium-grade gold-bearing ore; and 

• a series of technical, commercial and environmental plans, including an on-going drilling 
program, providing the basis of the future mining and processing projections.  

 
The above assets are understood to form security for a loan facility provided by CIMB Thai 
Bank Public Company Limited. 
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Unless otherwise stated, currency figures in this report are in US Dollars.  Dates specified in 
this report relate to the Christian era calendar. 
 
The conclusions reached in this report are believed valid at the date of the report.  Future 
events, including exploration success, changes in the political environment and changes in 
economic conditions, could influence any projected outcomes. 
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1. SUMMARY 
 
The Chatree Gold Project, located in central Thailand as shown in Figure 1, comprises an 
operating open pit mine with associated processing plant and infrastructure.  Mining 
operations are conducted by a contractor in a series of satellite pits on contiguous mining 
leases.  The processing plant is currently capable of processing more than 6.4 million tonnes 
per year of gold-bearing ore, depending on ore hardness.  Ore reserves were estimated to 
be 69.5 million tonnes at 0.81 g/t Au and 7.6 g/t Ag as at 30 April 2013, including stockpiles 
at hand. 
 

 
 

Figure 1: Chatree Gold Project Location Plan 

 
Akara is currently appraising potential modifications to the processing plant to enable the 
current production rate to be maintained with the harder ore expected later in the mine life.  
This will involve the construction of minor additional plant and infrastructure. Although current 
long-term base case mine plans assume no upgrade, Akara has advised us of their intention 
to make such modifications, should the commercial situation warrant the investment.   
 
At a gold price of US$1,480 per ounce and under current economic conditions, adopting the 
proposed base case operating profile should result in a future mine life of at least 10 years. 
 
Considerable opportunity to extend this life is provided by the additional resources and 
exploration potential within the mining leases, particularly as extensions to known areas of 
mineralisation are yet to be fully tested.  Akara has further opportunity to participate in the 
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development of future greenfields discoveries, which if they are realised may provide 
additional Chatree plant feed or may require the construction of a separate treatment facility. 
 
 

2. MINERAL PROPERTY INTERESTS 
 
Akara’s mineral properties comprise: 
 
• 14 Mining Leases (“MLs”), 1 Mining Lease Application (“MLA”), 8 Waste Dump Licences 

and one Metallurgical Licence covering the deposits and infrastructure areas forming the 
Chatree Gold Mine; and 

• 63 Special Prospecting Licence Applications (“SPLAs”), covering a contiguous area 
surrounding the Chatree Gold Mine, plus interests via joint venture in a further 44 SPLAs 
in Thailand. 

 
Akara’s mining operations are divided into contiguous areas separated by the approximately 
east-west aligned Nong Kanark – Wang Pong Highway (Highway 1301) and the 
approximately northeast-southwest aligned Highway 1191.  The tenements are detailed in 
Table 1. 
 

Table 1: CHATREE GOLD MINE LEASES 
 

Lease Province Area Expiry or 
  (Rai) Renewal Date 

ML 25528/14714 Phetchabun 93 Pending renewal 
ML 26910/15365 Phichit 297 June 2020 
ML 26911/15366 Phichit 275 June 2020 
ML 26912/15367 Phichit 294 June 2020 
ML 25618/15368 Phetchabun 299 June 2020 
ML 26917/15804 Phichit 253 July 2028 
ML 26922/15805 Phichit 283 July 2028 
ML 26921/15806 Phichit 276 July 2028 
ML 26920/15807 Phichit 294 July 2028 
ML 26923/15808 Phichit 204 July 2028 
ML 32524/15809 Phetchabun 283 July 2028 
ML 32530/15810 Phetchabun 299 July 2028 
ML 32531/15811 Phetchabun 279 July 2028 
ML 32532/15812 Phetchabun 294 July 2028 
MLA 6/2556 Phetchabun 57 Pending grant 
Waste Dump 1/2548 Phichit 1,351  
Waste Dump 1/2548 Phetchabun 225  
Waste Dump 1/2551 Phetchabun Q Pit 162  
Waste Dump 1/2554 Phichit 237  
Waste Dump 2/2554 Phichit 80  
Waste Dump 3/2554 Phichit 36  
Waste Dump 1/2555 Phetchabun D Pit 343  
Waste Dump 2/2555 Phetchabun A East 124  
Metallurgical Licence 1/2551 Phichit 977 May 2016 

 
 Notes: 1) Areas are rounded to the nearest integer 
  2) Waste dump licences have no set expiry dates 
  3) MLA6/2556 applied for in July 2013. 

 
Until mid-2008 all operations were conducted south of Highway 1301 on a contiguous block 
comprising four granted Mining Leases and one Waste Dump Licence, and on the small 
Quartz Lease (ML 25528/14714) north of the highway.  The mining areas developed south of 
the highway were named C, H, D, P and S Pits. 
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North of Highway 1301, tenure is provided by ten granted Mining Leases, one of which is 
pending renewal, and five Waste Dump Licences.  The established mining areas are 
designated A and K Pits.  The Q Pits are located further north, beyond Highway 1191. 
 
The establishment of surface facilities both inside and outside the mining lease boundaries is 
permitted where Akara’s 100% owned subsidiary, Suan Sak Patana Limited, holds the 
surface rights.  The ore processing plant and Tailings Storage Facility (“TSF”) 1 are covered 
by Metallurgical Licence 1/2251.  The new TSF 2 is covered by Waste Dump Licences 
1/2548 and 2/2554. 
 
The exploration tenements, which are all applications, are listed in Table 2. 
 

Table 2: AKARA EXPLORATION TENEMENTS 
 

Chatree Area of Influence 

SPLA Province Area Application SPLA Province Area Application 
Number  (Rai) Date Number  (Rai) Date 

67/2546 Phetchabun 2,237 8/10/06 5/2555 Phichit 8,919 8/10/06 
15/2548 Phetchabun 1,378 8/10/06 7/2555 Phichit 10,000 8/10/06 
1/2555 Phichit 9,850 8/10/06 13/2555 Phichit 9,500 8/10/06 
3/2555 Phichit 9,440 8/10/06  

Akara Applications Outside the Chatree Area of Influence 

SPLA Province Area Application SPLA Province Area Application 
Number  (Rai) Date Number  (Rai) Date 

3/2546 Phetchabun 9,375 19/6/03 53/2546 Phetchabun 8,750 4/8/03 
4/2546 Phetchabun 9,672 19/6/03 54/2546 Phetchabun 9,588 4/8/03 
5/2546 Phetchabun 9,107 19/6/03 55/2546 Phetchabun 8,709 4/8/03 
6/2546 Phetchabun 7,382 19/6/03 56/2546 Phetchabun 8,750 4/8/03 
7/2546 Phetchabun 9,798 19/6/03 57/2546 Phetchabun 8,750 4/8/03 
16/2546 Phetchabun 9,501 8/7/03 59/2546 Phetchabun 9,005 4/8/03 
17/2546 Phetchabun 10,000 8/7/03 1/2548 Phetchabun 9,352 27/4/05 
18/2546 Phetchabun 10,000 8/7/03 2/2548 Phetchabun 9,604 27/4/05 
19/2546 Phetchabun 10,000 8/7/03 3/2548 Phetchabun 10,000 27/4/05 
20/2546 Phetchabun 10,000 8/7/03 5/2548 Phetchabun 10,000 27/4/05 
21/2546 Phetchabun 9,009 8/7/03 6/2548 Phetchabun 10,000 27/4/05 
22/2546 Phetchabun 9,997 8/7/03 12/2548 Phetchabun 8,900 1/9/05 
23/2546 Phetchabun 9,716 8/7/03 13/2548 Phetchabun 7,895 1/9/05 
24/2546 Phetchabun 9,858 8/7/03 14/2548 Phetchabun 9,350 1/9/05 
25/2546 Phetchabun 9,599 8/7/03 1/2549 Phichit 10,000 14/9/06 
26/2546 Phetchabun 8,916 8/7/03 1/2550 Phichit 9,812 30/5/07 
27/2546 Phetchabun 9,069 8/7/03 2/2550 Phichit 10,000 30/5/07 
28/2546 Phetchabun 9,375 8/7/03 3/2550 Phichit 10,000 30/5/07 
30/2546 Phetchabun 10,000 8/7/03 4/2550 Phichit 10,000 30/5/07 
31/2546 Phetchabun 10,000 8/7/03 2/2555 Phichit 9,375 10/8/11 
32/2546 Phetchabun 10,000 8/7/03 4/2555 Phichit 9,900 10/8/11 
35/2546 Phetchabun 9,976 18/7/03 6/2555 Phichit 10,000 10/8/11 
40/2546 Phetchabun 10,000 18/7/03 8/2555 Phichit 10,000 10/8/11 
48/2546 Phetchabun 10,000 18/7/03 9/2555 Phichit 10,000 10/8/11 
49/2546 Phetchabun 6,238 18/7/03 10/2555 Phichit 10,000 10/8/11 
50/2546 Phetchabun 9,375 4/8/03 11/2555 Phichit 9,500 10/8/11 
51/2546 Phetchabun 8,125 4/8/03 12/2555 Phichit 10,000 10/8/11 
52/2546 Phetchabun 10,000 4/8/03 14/2555 Phichit 9,760 10/8/11 

 
Akara has entered into an agreement with Issara Mining Limited (“Issara”), a company 
whose major shareholder Kingsgate Consolidated Limited (“Kingsgate”) is also the major 
shareholder of Akara.  By this agreement, Issara conducts resource definition on Akara’s 
mining leases and exploration within the Chatree Area of Influence on a contractual basis, for 
which its costs are reimbursed. 
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Under a separate agreement, Akara will participate with Issara in exploration of the Akara 
areas outside the Chatree Area of Interest, as shown in Table 2, and in exploration of 
tenements held by Issara’s 100% owned subsidiaries, Phar Rong Limited (“Phar Rong”), 
Phar Lap Limited, and Richaphum Mining Limited (“Richaphum”), as shown in Table 3. 
 

Table 3: AKARA JOINT VENTURE EXPLORATION AREAS 
 

SPLA Province Area Application Holding 
Number  (Rai) Date Company 

8/2549 Chantaburi 5,360 25/10/06 Richaphum 
9/2549 Chantaburi 9,290 25/10/06 Richaphum 
6/2555 Chantaburi 9,320 10/08/12 Richaphum 
1/2549 Rayong 7,300 26/10/06 Richaphum 
2/2550 Lop Buri 9,923 20/09/07 Richaphum 
3/2550 Lop Buri 9,945 20/09/07 Richaphum 
4/2550 Lop Buri 10,000 12/03/07 Phar Rong 
5/2550 Lop Buri 8,504 12/03/07 Phar Rong 
6/2550 Lop Buri 10,000 12/03/07 Phar Rong 
7/2550 Lop Buri 6,711 12/03/07 Phar Rong 
8/2550 Lop Buri 9,597 12/03/07 Phar Rong 
9/2550 Lop Buri 9,255 12/03/07 Phar Rong 
10/2550 Lop Buri 9,347 12/03/07 Phar Rong 
11/2550 Lop Buri 9,426 12/03/07 Phar Rong 
12/2550 Lop Buri 9,493 12/03/07 Phar Rong 
13/2550 Lop Buri 10,000 12/03/07 Phar Rong 
14/2550 Lop Buri 7,948 12/03/07 Phar Rong 
15/2550 Lop Buri 10,000 12/03/07 Phar Rong 
16/2550 Lop Buri 10,000 12/03/07 Phar Rong 
1/2551 Lop Buri 10,000 02/12/08 Phar Rong 
1/2550 Phetchabun 9,019 16/11/07 Phar Rong 
2/2550 Phetchabun 9,992 16/11/07 Phar Rong 
3/2550 Phetchabun 10,000 16/11/07 Phar Rong 
4/2550 Phetchabun 586 16/11/07 Phar Rong 
3/2553 Phetchabun 9,523 07/05/10 Phar Rong 
4/2553 Phetchabun 10,000 07/05/10 Phar Rong 
1/2550 Phitsanulok 126 28/05/07 Richaphum 
2/2550 Phitsanulok 1,085 28/05/07 Richaphum 
19/2554 Phitsanulok 9,635 10/08/11 Richaphum 
20/2554 Phitsanulok 10,000 10/08/11 Richaphum 
21/2554 Phitsanulok 10,000 10/08/11 Richaphum 
22/2554 Phitsanulok 10,000 10/08/11 Richaphum 
23/2554 Phitsanulok 10,000 10/08/11 Richaphum 
24/2554 Phitsanulok 4,072 10/08/11 Richaphum 
25/2554 Phitsanulok 3,869 10/08/11 Richaphum 
26/2554 Phitsanulok 9,393 10/08/11 Richaphum 
27/2554 Phitsanulok 8,700 10/08/11 Richaphum 
4/2554 Saraburi 9,381 16/09/11 Phar Rong 
5/2554 Saraburi 9,500 16/09/11 Phar Rong 
6/2554 Saraburi 9,460 16/09/11 Phar Rong 
7/2554 Saraburi 7,106 16/09/11 Phar Rong 
8/2554 Saraburi 9,656 25/10/11 Phar Rong 
9/2554 Saraburi 9,921 25/10/11 Phar Rong 
10/2554 Saraburi 10,000 25/10/11 Phar Rong 

 
 

The salient points of the joint venture agreement are: 
 
• Issara has the right to explore on Akara’s SPLs and SPLAs, at no cost to Akara. 

• Akara has the right to develop, with up to a 100% interest, any gold-silver discovery 
made on its own exploration tenements by paying Issara the equivalent pre-development 
market value of the discovery. 
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• Akara has first right of refusal on at least a 40% interest in the development of any gold-
silver discovery on exploration tenements held by Issara’s subsidiaries by paying Issara 
the appropriate proportion of the equivalent pre-development market value of the 
discovery. 

• Issara will retain the benefits of any discovery of minerals other than gold and silver. 

 
The effect of this agreement is to transfer the major risks and rewards of mineral exploration 
in greenfields exploration areas from Akara to Issara, as well as to ensure that Akara has the 
opportunity to benefit from any exploration success by Issara’s subsidiaries. 
 
Three applications, namely 23/2546, 11/2555 and 14/2555, are likely to be the subject of 
future joint venture agreements with a third party.  The terms of any joint venture are yet to 
be finalised. 
 
Gemell Mining Engineers has not undertaken any verification exercise relating to mining 
tenure, exploration tenure, freeholds, joint ventures or land access agreements. 
 
 

3. PROJECT STATUS 
 
The Chatree Gold Mine is well established, with several proximate open pits supplying ore to 
the processing facility, as shown in Figure 2.  The processing facility comprises two 
comminution circuits (each comprising crushing and grinding plant) in parallel, followed by a 
carbon-in-leach (“CIL”) circuit, capable of processing more than 6.4 million tonnes of ore per 
year.  In the financial year ended 30 June 2013, plant availability meant that only 5,699,013 
tonnes of mixed hard and soft ore were processed at a head grade of 0.90 g/t Au and 11.9 
g/t Ag, yielding 133,681 ounces gold and 1,000,569 ounces silver at a cash cost of US$767 
per ounce gold (total production cost US$952 per ounce gold).   
 
 
Location 
 
The mine is located at about 16° 17’ North and 100° 39’ East, near Khao Sai in central 
Thailand and approximately 280 kilometres north of Bangkok.  It is about 11 kilometres from 
national main route Highway 11, and is accessed by Highway 1301 which traverses the 
mining area, effectively separating the Chatree South and Chatree North areas. 
 
 
Production History 
 
The Chatree gold deposits were discovered in 1995.  The region had neither a recorded 
previous history of gold production nor evidence of artisanal workings.  Chatree Gold Mine 
was commissioned in late 2001 and, having operated continuously since, had produced 
more than 1.3 million ounces of gold by the end of 2012.  Production performance is 
summarised in Table 4. 



GEMELL MINING ENGINEERS 
AKARA INDEPENDENT TECHNICAL REPORT   6 SEPTEMBER 2013 

6 
 

 
 

Figure 2: Chatree Gold Mine Site Layout  
 

Notes: The ore processing plant is located immediately to the north of TSF 1 
Boundary locations are approximate and may not exactly match the underlying image. 
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Table 4: CHATREE PRODUCTION HISTORY 
 

Year Ended 30 June 2002 2003 2004 2005 2006 2007 

Ore Mined (‘000 bcm) 306 638 801 588 734 546 
Waste Mined (‘000 bcm) 640 1,758 4,444 4,915 5,121 4,390 
Ore Mined (‘000 tonnes) 821 1,511 1,946 1,521 1,951 1,392 
Ore Processed (‘000 tonnes) 665 1,324 1,671 1,829 2,000 2,405 
Head Grade – Gold (g/t) 5.16 3.93 3.08 2.35 2.41 1.23 
Head Grade – Silver (g/t) 40 22 15 13 14 9 
Gold Recovery (%) 90.8 90.2 91.2 90.8 90.2 90.1 
Gold Poured (oz) 94,571 154,484 149,979 125,376 140,071 85,994 
Silver Poured (‘000 oz) 361 484 395 353 460 291 
Cash Cost (US$/oz) 61 94 135 212 206 440 
Total Cost (US$/oz) 116 143 189 262 247 517 

Year Ended 30 June 2008 2009 2010 2011 2012 2013 
Ore Mined (‘000 bcm) 375 1,652 2,699 2,352 1,947 2,709 
Waste Mined (‘000 bcm) 2,559 4,028 6,432 6,128 6,259 5,648

4 

Ore Mined (‘000 tonnes) 974 3,874 6,583 5,301 4,986 7,051 
Ore Processed (‘000 tonnes) 2,474 1,878 2,705 2,533 5,116 5,699 
Head Grade – Gold (g/t) 1.06 1.70 1.67 1.08 0.90 0.90 
Head Grade – Silver (g/t) 7 16 15 16 12 12 
Gold Recovery (%) 88.3 91.4 90.6 87.2 84.4 80.3 
Gold Poured (oz) 74,139 93,002 132,628 76,248 121,372 133,681 
Silver Poured (‘000 oz) 232 293 550 550 918 1,001 
Cash Cost (US$/oz) 457 405 335 479 618 767 
Total Cost (US$/oz) 556 493 408 581 761 952 

 
Note: 1) “bcm” is bank cubic metres 

  2) Marginal ore mined is reported with waste from 2002 until 2007 inclusive 
  3) Ore tonnage mine is derived from grade control reconciliation from 2002 until 2006 inclusive 

4) Figure includes 2,127,000 bcm of waste mined and used in construction of tailings storage   
facilities 

 
Early mining activities were concentrated in the Chatree South area, with the current mining 
contractor employing small-scale mining fleet in several open pits.  The CIL processing plant, 
originally rated at one million tonnes per year, underwent several modifications which 
progressively increased throughput capacity, as shown in Table 5.  The increase in ore 
mined, head grades and precious metal production in 2009 and 2010 reflects the 
commencement of production from the Chatree North leases after award in July 2008. 
 

Table 5: PLANT EXPANSIONS TO DATE 
 

  Design Actual 
Plant Status/Expansion Commissioned Capacity Throughput 

  (Mtpa) (Mtpa) 
1. Original Plant December 2001 1.0 1.3 
2. Three CIL tanks added December 2002 1.0 1.3 
3. Two more CIL tanks added August 2003 1.0 1.3 
4. Comminution circuit expanded December 2003 1.8 2.0 
5. Pebble crusher added October 2005 2.0 2.3 
6. Gravity concentration added June 2006 2.0 2.3 
7. No 2 Plant circuits added December 2011 5.0 5.7 

 
Throughout its history, the plant has been capable of processing ore at a higher rate than 
design capacity.  Following the commissioning of the five additional CIL tanks in December 
2002 and August 2003, this has been achieved without any apparent adverse effect on gold 
recovery.  The August 2003 expansion included the addition of a second cyanide destruction 
plant.  The expansion of the comminution circuit in December 2003 involved the conversion 
of the existing SAG mill to a ball mill and the installation of a new high-aspect SAG mill.  The 
pebble crusher installed within the grinding circuit in October 2005 further increased plant 
throughput.  Past operation of the gravity circuit has offset potentially adverse effects from 
reduced leach time resulting from the operation of the plant above its rated design capacity. 
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With the extended CIL circuit now in operation the gravity circuit in Plant 1 is not presently in 
use. 
 
The Chatree No 2 circuit has been constructed immediately to the west and adjacent to the 
original plant.  As a result, two comminution circuits now operate in parallel, each feeding 
different leach trains.  However, ore slurry from the final tank of the original leach train is 
directed to the new leach train, thereby combining the process stream for leaching, cyanide 
destruction and tailings removal. 
 
Construction of the first stage of a second tailings storage facility, located to the southwest of 
H Pit, was completed by June 2012. 
 
 

4. GEOLOGY 
 
Regional Geology 
 
The Chatree Gold Project is located within the Loei – Phetchabun – Ko Chang volcanic belt, 
which extends from the Loei Province in the north to Ko Chang in the Gulf of Thailand.  This 
extensive north south trending belt is related to the collision of India and Eurasia, being 
linked to the subduction of the Shan Thai Terrane beneath the Indochina Terrane (Cumming, 
et al).  The belt contains intrusive and extrusive rocks of acid to basic composition and 
represents several episodes of igneous activity believed to extend from the Ordovician to the 
late Tertiary.  Sediments, mainly volcanic derived, and some limestone beds are interbedded 
with the volcanics in places. 
 
The Loei – Phetchabun volcanic belt is interpreted as a continental arc developed during 
east-directed subduction.  In the Chatree area, the Permo-Triassic volcano-sedimentary 
sequence is locally overlapped by thin Tertiary and younger sediments which extend 
westwards and thicken considerably into the Chao Phraya Basin. 
 
The Chatree mineral deposits are located within that part of the belt present in the 
Phetchabun Province, where it consists mainly of andesitic and basaltic volcanics, intruded 
by bodies of microgabbro, diorite, granodiorite and microgranite.  Field relationships suggest 
that andesitic lavas flow over and locally cross-cut mid Permian limestones and are overlain 
by Tertiary sediments.  Age dating has shown the host rocks and the mineralisation to be 
Permo-Triassic in age, at about 250 million years old (Cumming, et al).  They appear to 
represent a continental back arc of intrusive and extrusive activity east of an eastward 
dipping subduction zone.  This tectonic setting is directly comparable to that of many 
epithermal deposits in the circum-Pacific “rim of fire”. 
 
 
Local Geology 
 
The geology of the host rocks and the mineralisation is exposed in the open pit mines in the 
Chatree leases and the area has been the subject of a number of geological investigations 
commissioned by Akara. 
 
In the mine area, the host volcanic sequence comprises four main units.  The basal unit is 
dominated by andesite lavas and breccias, containing dacite dome complexes.  This is 
followed by a thick sequence dominated by andesitic breccia.  Overlying this is a largely 
sedimentary package with interfingering rhyolitic breccias.  The uppermost unit in the mine 
area is a lithic rich fiamme breccia.  As the lithologies interfinger, the locations of some unit 
boundaries in core, and especially in chips, are not always clear.  All units are cut by dykes, 
predominantly andesitic, and typically less than 10 metres wide. 
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Figure 3: Regional Geology of Thailand 

 
The stratigraphy is disrupted by several north-south trending, steeply dipping faults that also 
offset mineralisation.  Vertical offsets on faults mapped to date tend to be on the scale of 
tens of metres.  Faulting between the mining pits is not well understood. 
 
 
Mineralisation 
 
Epithermal gold deposits, such as those at Chatree, are generally formed in areas of active 
volcanism around the margins of continents, and may be associated with “bonanza” or high 
grade style mineralisation.  Mineralisation in such deposits is deposited from hot fluids which 
are estimated to range in temperatures from less than 100 degrees centigrade to 
approximately 300 degrees centigrade.  The mineralisation contained in these fluids is 
deposited as they rise to elevated crustal settings and boil, cool or mix with evolved near-
surface waters which oxidise the fluids to promote high grade gold deposition.  The fluids 
usually travel toward the surface via fractures in the rocks and the resulting mineralisation 
often occurs at the intersection of these fractures and brittle host rocks in layered volcanic 
sequences. 
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The gold mineralisation is closely associated with a variety of types of quartz carbonate 
veins, some of which contain sulphides.  They vary in width from millimetres to tens of 
metres.  Significant amounts of silver and very minor amounts of zinc and lead are also 
associated with the mineralisation.  The deposit is classed as low sulphidation epithermal, 
and sulphides tend to comprise less than 3% of the ore mass (Cumming, et al).  Visible gold 
is rare within the system.  Chlorite is common both in the veins and as alteration in the host 
rock. 
 
The style of quartz carbonate gold mineralisation found at Chatree is common to a number of 
the most prolific gold producers in the Pacific rim, including Porgera and Misima in Papua 
New Guinea, Kelian and Mount Muro in Indonesia (Corbett).  The variety of low sulphidation 
epithermal gold deposits all display controls dominated by structure, competent host rocks 
and efficient mechanisms of Au deposition. 
 
Different zones of mineralisation are located at different levels in the host stratigraphy, and at 
different orientations.  In the southern area the mineralisation is predominantly hosted by 
andesitic breccias while in A and Q and K East pits in the northern leases, the mineralisation 
is largely hosted by sediments, with some volcaniclastic hosts.  The sediments include 
sandstones, shales and carbonaceous shales.  The latter only form a minor part of the 
sedimentary package, but can be seen for example in the northeast of A Pit, and have been 
shown to be partially preg-robbing in the plant. 
 
The gold silver ratios vary significantly at different levels of mineralisation (del Carmen, et al). 
 
The largest prospect in terms of the currently defined mineral resource is A Prospect.  Here, 
the sedimentary unit in the middle of the package of volcanics appears to have acted as a 
favourable rock unit for mineralisation, with the overlying fiamme breccia acting as a 
lithological trap to fluid movement, due to low permeability and/or competence contrast.  The 
stockworks and sheeted quartz veins which host gold mineralisation are mainly vertical to 
steeply west dipping and are best developed in the sedimentary unit which itself dips at 20o 
to the east, as shown in Figure 4.  Veining outside this unit tends to be sparser in density, but 
may still contain gold (Figure 5). 
 
At Q Prospect, in the most northern section of the mining leases, the mineralisation is 
characterised by brecciation of the host silicified sediments, and has been interpreted as 
including both strata bound and sub-vertical feeder like zones. 
 
In the southern leases, mineralisation tends to be in fewer discrete veins, with fewer 
stockworks, and in the C and H Pits area the veins dip northwest at 30 o to 70o (Figure 6). 
 
Barren andesite dykes and some porphyritic dykes crosscut mineralisation.  These occur on 
a number of orientations and vary in width from less than one metre to several tens of metres 
thick.  There are at least two ages of dyke emplacement (del Carmen, et al).  Earlier dykes 
are often altered and may be associated with elevated gold grades, but the majority of dykes 
are later, barren and do not affect surrounding mineralised grades.  The volume of barren 
dykes can create significant dilution in some mining areas, being 13% to 14% of drill 
intersections in the A and Q Prospects (Figure 5).  Barren crosscutting massive carbonate 
veins are another source of dilution. 
 
The mineralisation is considered by Akara to be of Early Triassic Age with dating indicating 
an age of about 251 million years (del Carmen, et al), close to the age of the host volcanic 
sequence.  Mineralised veining is interpreted to have been emplaced into host rocks which 
had been previously subjected to intense silicification.  The silicification has preferentially  
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Figure 4: Cross Section of A Prospect (Salam) 
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altered the andesitic breccia and the epiclastic sedimentary rocks, which tend to host 
mineralisation in the southern and northern portions of the mine leases respectively. 
 

 
Figure 5: Geology of A Prospect (Salam) 

 
 
Mineral Resource Estimation 
 
Drilling 
 
Mineralised areas have been located using a combination of geological mapping, soil and 
rock chip sampling and geophysical techniques.  Mineral resources are defined by reverse 
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circulation (“RC”) drilling and diamond (“DDH”) drilling.  Drill testing of mineralised zones is 
initially conducted over broad spacing, generally 100 metres by 40 metres, and infilled to a 
design density of 25 metres by 20 metres over most of the resource.  In most areas angled 
drilling, most commonly at 60 degrees, is used to give suitable intersections of the dipping 
vein structures, unless access difficulties demand other drilling patterns. 

 
 

Figure 6: Northwest–Southeast Section through H and C South Prospects 

 
Initially RC drilling was 5.5” diameter, but in later years 5.25” diameter face-sampling 
hammer was employed to reduce down-hole contamination.  All resource RC drilling samples 
are collected over one-metre intervals, riffle split to a nominal two-kilogram sample, and then 
assayed for gold and silver at the Akara mine laboratory.  The holes are down-hole surveyed 
inside the non-magnetic drill rods; both single and multi-shot survey instruments have been 
used. 
 
All RC holes are logged by a geologist who also supervises sampling.  Material from each 
metre is washed and stored so that the holes may be re-logged at a future date if required.  
Qualified mine surveyors record the drill hole collar positions after drilling is complete.  RC 
holes are sampled every metre. 
 
DDH drilling is carried out both as tails to RC drill holes, and as complete holes from surface.  
Diamond drilling collared at surface is usually initiated as HQ triple tube, and reduced to NQ 
size when fresh competent rock is first encountered.  Core is laid in trays and transported to 
a facility where it is geologically and geotechnically logged.  Sample intervals are selected 
according to geology, up to a maximum length of one metre.  All core is orientated to enable 
structural data to be collected.  After logging and cutting, the core is stored in racks for later 
reference.  Assaying for gold and silver is carried out on half core at the Akara mine 
laboratory.  Diamond drilling is down-hole surveyed generally on 25-metre intervals. 
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Drill sample recoveries, which average 85%, are universally recorded.  RC samples are 
individually weighed and core recoveries measured by length. 
 
All drilling data are validated and compiled into an Access database by technicians on site.  
Akara have in place formal database validation procedures and changes made to the 
database are recorded and made available for review. 
 
 
Analyses 
 
The on-site laboratory at Chatree is certified to ISO 17025 rating, indicating that Akara’s 
practices are sufficient to satisfy international industry standards.  The laboratory comprises 
two areas, one for all mine-related samples and the other for processing exploration (Issara) 
samples; both laboratories use similar techniques and procedures.  Geological samples 
received by the laboratory are dried, core is jaw crushed to approximately 10 mm, then core 
or chips are split in two and one half retained as a record.  350 grams is then removed for 
pulverising in a Labtechnics mill.  A barren granite sample is processed after every tenth 
sample to clean any contamination, although contamination levels are not checked. 
 
As a check on assay quality, a certified standard reference material or a blank, and duplicate 
samples are each submitted at a rate of 1 in 25 samples on a “blind” basis to the laboratory 
along with the drilling samples.  Performance of these materials is checked regularly, and 
underperforming jobs are re-run.  The laboratory also assays certified standards and blanks 
at a rate of 1 in 25 samples in order to conduct its own check on performance.  As the 
standards are pulverised, these do not check for contamination during sample processing 
(and the ‘blind’ standards are readily identified by laboratory staff).  The geology department 
currently uses eight different certified reference materials for the grade control blind 
standards.    
 
Issara quality assurance and quality control (“QA/QC”) for drill samples, and plot results 
using standard techniques.  Recent results show good standards of precision with very few 
results outside acceptable range (del Carmen, et al). 
 
In addition the laboratory participates in a monthly external “round robin” which uses a 
number of different standards.  Results are reported to generally exceed the average 
standard of the participating commercial laboratories, and ranged from just acceptable to 
excellent for three months recent data inspected. 
 
Sampling handling efficiency would be increased, and the potential for sample substitution 
decreased, by the use of printed tickets or bar codes to track samples through the system.  
Analyses of selected barren blanks would check on any contamination during sample 
processing.  However, the laboratory appears to be well run and there is no indication of any 
issues that reduce confidence in either resource estimation or grade control.  
 
 
Modelling 
 
Geological interpretations are carried out on both sections and flitches by the project 
geologist using drill hole data and surface and pit mapping.  Major lithological boundaries, 
oxidation state, faults, crosscutting late dykes and zones of massive and stockwork quartz 
veining are interpreted on section.  Key features of the mineralisation are wire framed and 
used as the basis for the geological model from which the mineral resource estimate is 
derived, and to establish domains for grade estimation information.  Separate domains are 
used for different mineralisation styles, for oxide, transition and fresh mineralisation, and for 
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different geographic areas of mineralisation.  In this year’s estimate, no attempt has been 
made to create a separate domain for barren dykes.  Hence these may dilute the mineralised 
grades in the model, potentially marginally underestimating actual mined grades. 
 
Resource estimation was previously undertaken annually by Australian consultants Hellman 
& Schofield Pty Ltd, using proprietary GS3© software applying multiple indicator kriging 
methodology.  From 2011, resources have been estimated by a team of company geologists, 
with technical and modelling input from an external consultant.  In 2012 and 2013 the 
external consultant was Jonathon Abbott, a former Hellman and Schofield employee and 
now of MPR Geological Consultants Pty Ltd. 
 
The Chatree Gold Mine area was originally subdivided into 10 individual project areas, for 
which separate resource block models are created.  These were later combined together into 
a large single model for mine planning and optimisation purposes.  In the 2013 estimate, 
three area subdivisions were used for the estimation, and these were then combined back 
into one resource model.  Regular estimation updates are carried out as new geological and 
drilling information comes to hand for each project area.  The most recent updates were 
undertaken in August 2012 (for the resource status as at 30 June 2012) and in June 2013 
(for the resource status as at 30 April 2013). 
 
Analytical data from the drill holes are composited to consistent two-metre down-hole 
lengths, by length-weighting the assays.  83% of the drill data used in 2013 was derived from 
RC drilling.  The potential for bias of the RC data was examined in 2013, and was found to 
be low (del Carmen, et al), although there is minor potential bias in the higher grades.  
Estimation is by multiple indicator kriging, a geostatistical technique in common use in gold 
deposits, which allows for the different spatial continuity of different grades of mineralisation, 
and for the grade averaging effect as larger volumes of mineralisation are considered. 
 
The gold distribution in each domain is statistically analysed by indicator variography to 
determine the spatial continuity of mineralisation at increasing gold grades.  This information 
is then used in conjunction with ordinary indicator kriging (a statistically based weighted 
averaging technique) to estimate the percentage of each resource block above a nominated 
grade cut-off, and the grade of that portion of the block.  The percentages are estimated in 
terms of minimum selective mining units (“SMUs”), which enable an estimation of the 
recoverable grade, rather than the higher grades which occur in individual narrow veins in 
this style of mineralisation. 
 
This estimate has used resource blocks of dimensions 10 metres (east) by 25 metres (north) 
by 6 metres (elevation).  Previous estimates (2012 and earlier) used block sizes of 20 metres 
(east) by 25 metres (north) by 6 metres (elevation).  Within each block, the method assumes 
that mining selectivity is based on SMUs of 2 metres (east) by 4 metres (north) by 3 metres 
(elevation).  Mining has recently transitioned to 9-metre benches with 3-metre flitches.  
 
The bulk densities used have been based on over 700 drill samples, and have been 
validated by good tonnage reconciliations.  The applied densities are 2.16 dry tonnes per 
cubic metre for oxide ore, 2.4 dry tonnes per cubic metre for transitional ore and 2.62 tonnes 
per cubic metre for fresh ore. 
 
JORC categories of Measured, Indicated and Inferred Resources are applied to each 
resource block, according to the amount of information within and adjacent to the block.  This 
reflects drilling density, and hence density of samples in the volume surrounding the block.  
The final block model contains information about the estimated ore tonnages, gold and silver 
grades at various cut-offs, confidence category, oxidation state, rock type and topography. 
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Mineral Resources 
 
Mineral resources as presented in Akara’s most recent resource report are shown in Tables 
6 and 7, and total just over 4 million ounces of gold. 
 
The resources have been estimated in a professional manner, in line with industry practice, 
and historic reconciliations have been generally satisfactory when averaged over the whole 
life of mine.  The cumulative effect of this year’s changes in estimation techniques, 
documented fully in the 2013 resource report (del Carmen, et al) is not yet known but is 
unlikely to create any significant errors.  Overall, the grade estimation is expected to be more 
conservative due to inclusion of some dilution from larger barren dykes, and the more 
conservative use of medians instead of means for the estimation of the higher grades.  
 
A 0.32 g/t Au cut-off grade is economic for a gold price of US$1,600 per ounce, based on 
recent modelling (del Carmen, et al).  Although the 0.3 g/t cut-off grade used is reasonable 
for estimating the Chatree mineral resource, it cannot be assumed that all of this resource 
will eventually be mined.  The modelled resource includes some deeper sections.  Based on 
current knowledge, some of these could only be economically mined by open pit at 
significantly higher gold prices than prevail currently.  Although there is very real potential for 
some underground mining (e.g. in the eastern deeper section of the A Prospect resource), 
both the 0.3 g/t Au cut-off grade and the nature of the resource estimation are considered 
inappropriate to delineate a realistically minable underground resource.  More work, including 
drilling and planning studies, is required to determine the full underground mining potential. 
 

Table 6: MINERAL RESOURCES BY PROSPECT AREA, AS AT 30 APRIL 2013 
 

 Measured Indicated Inferred Total 

Deposit Tonnes Au Ag Tonnes Au Ag Tonnes Au g/t Ag g/t Tonnes 
 (Mt) (g/t) (g/t) (Mt) (g/t) (g/t) (Mt) (g/t) (g/t) (Mt) 

A and A East 39.7 0.77 8.57 16.9 0.65 6.13 8.3 0.58 4.75 64.9 
C and H 16.4 0.74 4.48 9.7 0.67 3.69 10.2 0.64 3.65 36.4 
D (D, Mars T) 5.4 0.70 4.17 4.0 0.66 5.57 6.3 0.53 3.97 15.7 
J 3.7 0.63 3.88 1.1 0.57 3.22 1.0 0.48 2.82 5.9 
K East 2.5 0.65 4.12 1.6 0.56 3.99 3.3 0.51 3.00 7.3 
K West 1.8 0.67 4.60 1.3 0.58 4.38 2.2 0.63 6.16 5.3 
MarsN 0.6 0.66 1.68 0.1 0.51 1.49 0.1 0.43 2.26 0.8 
Q 12.4 0.69 4.22 13.1 0.61 3.82 9.3 0.53 3.53 34.8 
S and S South 1.0 0.97 3.53 1.6 0.82 3.15 5.0 0.66 2.68 7.6 
M   0.00 0.00 0.3 0.64 2.03 0.1 0.64 2.18 0.4 
Stockpile 9.3 0.58 9.29       0.0     9.3 

Total 92.8 0.72 6.60 49.8 0.64 4.69 45.7 0.58 3.81 188.3 

 
  Notes 1) Cut-off grade is 0.3 g/t Au 
   2) Mineral Resources include Ore Reserves 
   3) Figures are rounded 

 
Table 7: MINERAL RESOURCES, AS AT 30 APRIL 2013 

 
Resource Tonnes Au Ag Au Ag 
Category (Mt) (g/t) (g/t) (M oz) (M oz) 

Measured 92.8 0.72 6.60 2.15 19.7 
Indicated 49.8 0.64 4.69 1.02 7.5 
Measured and Indicated 142.6 0.70 5.93 3.19 27.2 
Inferred 45.7 0.58 3.81 0.85 5.6 
Total 188.3 0.66 5.42 4.03 32.8 

 
  Notes 1) Cut-off grade is 0.3 g/t Au 
   2) Mineral Resources include Ore Reserves 
   3) Figures are rounded 
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The J and M Prospects are outside the current mining leases, but Akara controls surface 
rights in these areas.  A small part of the J Prospect mineral resource is overlapped by TSF 
2. 
 
There is potential for further exploration to increase the mineral resources within the mining 
leases, but this potential is limited by the restricted area of the granted leases.  Some deeper 
resource may never be mined, and other parts of the resource will require extension of the 
granted leases before mining is feasible. 
 
 
Ore Reserves 
 
Ore reserves have been estimated by using open pit designs to determine the proportion of 
resources subject to economic extraction.  In the first instance, approximate pit boundaries 
were determined by applying Whittle 4X optimisation software to the resource model, 
applying a projected gold price of US$1,480 per ounce.  The selected pit slopes were 
specified by geotechnical appraisal undertaken by specialists BFP Consultants Pty Ltd.  
From these shells, full pit layouts were designed, incorporating ramp layouts and goodbye 
cuts. 
 
The Chatree Proved and Probable Ore Reserves, estimated by Akara as at 30 April 2013 to 
total 69,500,000 tonnes at 0.81 g/t Au and 7.6 g/t Ag, (1.82 million ounces of gold) are 
listed in Table 8. 
 

Table 8: CHATREE ORE RESERVES 
 

Deposit  Proved   Probable  

 Tonnes Au (g/t) Ag (g/t) Tonnes Au (g/t) Ag (g/t) 

A 28,649,000 0.87 9.5 7,783,000 0.76 7.2 
Q 5,693,000 0.85 4.9 4,009,000 0.79 4.6 
KWest 257,000 0.86 4.5 71,000 0.73 3.4 
D 3,820,000 0.83 4.2 1,713,000 0.80 5.4 
S 483,000 1.25 4.1 361,000 1.03 4.0 
J 473,000 0.76 4.5 96,000 0.71 3.7 
HWest 5,554,000 0.84 5.7 669,000 0.77 4.8 
C 458,000 1.61 4.5 123,000 1.17 2.7 
Stockpiles 9,315,000 0.58 9.3    
Total 54,702,000 0.82 7.6 14,825,000 0.78 6.0 

 
  Note: 1)Break-even grade is recorded as 0.35 g/t Au 
   2) Figures are rounded 

 
The ore reserves are further subdivided into high grade (above 1.5 g/t Au), low grade 
(between 0.8 and 1.5 g/t Au) and marginal grade (between 0.4 and 0.8 g/t Au) blocks to 
facilitate mining strategies.  The small amount of high grade ore reserves are mainly in the C 
Pit area. 
 
The ore reserves have been estimated assuming a gold price of $1,480/ounce, and a silver 
price of US$26 per ounce.  Current grade control procedures direct material as low as 0.3 g/t 
Au to the marginal grade stockpile. 
 
The remaining mineral resources outside these ore reserves total 119 million tonnes at an 
average grade of 0.57 g/t Au. 
 
 
 
 
 



GEMELL MINING ENGINEERS 
AKARA INDEPENDENT TECHNICAL REPORT   6 SEPTEMBER 2013 

18 

Estimation Accuracy 
 
Akara has operated the Chatree Mine since 2001, and the current resource estimation and 
grade control systems were established at that time, with minor modifications since then.  
Reconciliation has been completed both with grade control models and the back calculated 
metallurgical data adjusted for the stockpiled ore (known as mill data).  The mill data is 
considered to represent the “actual” production, but the significant size of the stockpiles 
(representing around two years mine production) decreases the reliability of these figures. 
 
Reconciliation of historic mineral resource estimates with mill data over the life of the mine 
has shown a tendency for a small overestimation, with the resource estimates predicting of 
the order of 10% more gold ounces.  Reconciliation of the current model indicates only a 3% 
underestimate, which is considered a very good result (Table 9).  The reconciliation of mill 
figures with grade control over the life of the project has also been good with the grade 
control figures being slightly conservative. 
 
Good life-of-mine reconciliations can mask significant errors at different points in time, 
particularly when substantial mined tonnage is held in stockpiles, as is the case at Chatree.  
Currently, there is insufficient data to fully assess the effect on reconciliations of recent 
changes to grade control procedures and the estimation of mineral resources defined by 
resource delineation drilling, but we have no reason to expect any major discrepancies. 
 
Recent monthly reconciliations have shown some more material differences from grade 
control predictions.  When investigated some discrepancies were found to be due to 
inadequacies in grade control analyses, which have since been corrected, and procedures 
for grade control have been changed.  The remaining discrepancies were in one area, A 
North Pit, where the regional resource data were sparse, and significant mineralisation was 
missed between the resource drill holes.  This was partly due to access restrictions at the 
time this resource area was drilled out.  In future such local discrepancies could be avoided 
by the incorporation of available grade control results where resource data is more widely 
spaced than planned. 
 

Table 9: MINED-TO-DATE PREDICTIONS vs PRODUCTION 
 

 Tonnes (t) Grade (g/t Au) Gold (oz Au) 
Depletion, as per Ore Reserve Model 37,972,451 1.33 1,624,260 
Mined, as per Grade Control Model 37,615,978 1.34 1,624,505 
Processed + Stockpiles 38,011,386 1.37 1,674,269 
% Difference: Mill to Grade Control 1.0% 2.0% 3.0% 
% Difference: Mill to Ore Reserve 0.1% 3.0% 3.0% 

 
 

5. MINING 
 
Current Operations 
 
All mining operations at Chatree are currently open pit.  Recent activity has been focused on 
A and Q Pits.  Pit excavation is conducted by a Thailand-based contractor, Lotus Hall Mining 
Heavy Engineering Construction Company Limited (“Lotus Hall”), with technical services and 
overall supervision being provided by Akara staff. 
 
Of the excavations, A Pit will be the largest, providing more than 50% of the future plant feed, 
as currently planned.  The pattern of mineralisation and intrusive dykes, shown with the 
superseded outline of A Pit based on ore reserves previously estimated at a projected gold 
price of US$750 per ounce, is illustrated in Figure 7.  The zone was initially developed by two 
starter pits, which will eventually merge.  The first of these involved the levelling and cutting 
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of the A Hill on the western extremity of the designed final pit.  This will result in the eventual 
removal of most of the hill.  The second starter pit, A South, was located to the south east of 
the hill, and operations have effectively merged.  The final pit floor is planned to be about 180 
metres below the natural surface of the plain to the east of the hill. 
 
The combined C and H Pits were historically the most significant contributor to plant feed.  
There is no current activity in this area, and some backfilling has been implemented in 
localised positions.  Further excavation is planned for the H West area in at least two 
campaigns, commencing in 2019.  Operations will become intensive from 2020 to 2023, with 
more than 29 million tonnes of ore and waste scheduled for excavation in the year ending 
June 2022.  A further cutback at C South is scheduled for the following year. 
 
A previous cut-back in the northern area of C Pit necessitated a diversion of Highway 1301, 
which was moved up to 200 metres to the north over a distance of some 700 metres, as 
shown in Figure 2 (in the area marked “Cn”).  At some indefinite future time, the highway 
must be replaced on its original alignment.  Plans are well advanced for this, with the C North 
Pit having been backfilled, and government approvals having been received for the 
placement of the final 5-metre lift of compacted fill and road base. 
 
The Q Pit area is being mined, with operations transferring from the Q Borrow to Q Central.  
Operations on a restricted scale are expected to continue here to at least 2021, subject to 
economic conditions. 
 

 
 

Figure 7: A Pit Mineralisation 

 
K West Pit is scheduled for re-opening for a nine-month period during 2015/16, following 
which it will be backfilled with waste from other pits. 
 



GEMELL MINING ENGINEERS 
AKARA INDEPENDENT TECHNICAL REPORT   6 SEPTEMBER 2013 

20 

Mining operations at D Pit, a previously excavated area to the south of Highway 1301, are 
also scheduled to recommence in mid-2015 and are currently expected to continue until 
2019. 
 
J Pit is currently scheduled to be mined in 2019, and will be followed by the planned final 
excavation at S Pit from 2019 to 2020. 
 
These long-term schedules are high-level, and must at this stage be considered as indicative 
only.  The final pit designs are subject to future review by a consulting geotechnical engineer, 
the result of which may require amendments to the planned pit slopes.  The schedules will 
require regular review and adjustment to cater for future change in gold price and other 
economic conditions, and to incorporate any additional ore reserves delineated in the future. 
 
The open pit operations are conventional, and involve drilling and blasting of all materials 
except topsoil.  The pits were previously blasted as 6-metre high benches, although 9-metre 
high benches are being established in A Pit.  All benches are then excavated as 3-metre high 
flitches.  Eleven drill rigs are employed, providing 102 mm to 115 mm diameter blast holes. 
 
Lotus Hall employs three separate fleets for load-and-haul operations.  The largest units are 
170-tonne hydraulic excavators matched with rigid-framed off-highway trucks with 90-tonne 
payload capacity.  These units were purchased new and first commenced operating in July 
2009.  At present, this fleet comprises three excavators and twelve trucks.  The fleet 
operates in the A Pit area, being the largest of the designed excavations.  Access ramps in 
this pit have a design width of 22 metres. 
 
The second fleet comprises three 105-tonne excavators matched with rigid-framed off-
highway trucks with 54-tonne payload capacity.  Twelve trucks are available on site, but are 
generally not fully utilised.  This fleet currently also operates in A Pit, but has in the past and 
will in the future be employed in the smaller pits.  Access ramps for this fleet, except where 
used in conjunction with larger units, have a design width of 15 metres.  
 
A third fleet includes two 85-tonne excavators matched with articulated off-highway trucks 
with 38-tonne payload capacity.  These units have previously operated in the smaller 
excavations, such as the C and H Pits.  They are also employed for tailings dam wall 
construction, topsoil removal and batter trimming.  The trucks occasionally supplement 
operations conducted with the second fleet. 
 
Currently, two 43-tonne excavators are operating in the Q Pit area, loading conventional on-
highway trucks provided by sub-contractors.  These trucks haul ore for the short distance 
from the pits, crossing Highway 1191, to stockpile locations north of A Pit.  Larger Lotus Hall 
fleet units then transfer the ore from those stockpiles to the ROM stockpiles at the processing 
plant site. 
 
Ancillary fleet includes six dozers, three graders and two water carts.  Three additional 
hydraulic excavators have been fitted with hydraulic hammers for secondary breakage, and 
are employed in the pit, on stockpiles or at the ROM Pad, as required.  Additional small fleet 
units are also available on site. 
 
Lotus Hall has significant local experience, having been the principal mining contractor on 
site since 2001.  The larger excavators and rigid-frame trucks were only first introduced in 
2008, in response to the availability of access to the northern deposits.  Although the use of 
relatively small, articulated trucks in the high-rainfall environment was previously deemed 
appropriate, the required higher production rates, larger pits and longer haul routes 
encouraged a change of strategy.  Akara has attempted to remove some contractual risk and 
risk margin by providing a large on-site maintenance facility for the contractor, ensuring that 
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the contractor has in place a full maintenance-and-repair agreement with the suppliers of 
major fleet items, and compensating directly fleet ownership costs and fuel usage. 
 
Ore from the northern Chatree operations (A and K Pits, and the Q Pit stockpiles) is trucked 
to the ROM pad at the plant site, requiring transit beneath Highway 1301 via a recently 
completed underpass near C Pit.  The underpass also permits waste to be transferred to the 
less restricted southern waste dumps and for placement where appropriate in the TSF walls. 
 
Mining operations are conducted on a two-shifts-per-day, seven-days-per-week schedule.  
The early-stage A Hill working area, being above the normal plain elevation and close to 
habitation, was subjected to a curfew between 10 pm and 6 am.  However, standard double-
shift operations were resumed when the pit floor dropped below the natural plain level and 
the curfew was lifted. 
 
 
Grade Control 
 
There are no hard, visual boundaries to the mineralised zone, with the exception of the 
barren andesite dykes which are mined separately as waste wherever possible.  Ore blocks 
for mining are identified by RC drilling, usually on a pattern of 8 metres by 5 metres, with the 
holes angled at 60° towards the dip of the mineralised veins.  The holes are generally drilled 
to a depth of 22.5 metres, covering two 9-metre benches.  The RC drilling is undertaken in 
the same manner as resource drilling, except that it is sampled on 1.5-metre intervals.  
Recent investigations into hole spacing support a reduced drill pattern of 8 metres by 10 
metres in some areas of the mine, to increase efficiency.  This is now being trialled. 
 
Until April 2012 the samples were analysed for gold by accelerated cyanide leach 
(LeachWELLTM) in the Akara mine laboratory.  The LeachWELL method was used in order to 
estimate recoverable gold.  Following some poor reconciliation results it was determined that 
the LeachWELL method was not performing well in the presence of carbonaceous shales.  
Consequently, the analytical method was changed to fire assay, carried out in the mine 
laboratory in the same manner as for the resource drill samples.  Analytical standard 
reference material and sample duplicates are also submitted as for the resource drilling and 
QA/QC reports are generated on a weekly basis. 
 
Due to the stockpiling between mine and mill, it is too early for mine reconciliations to fully 
reflect the impact of the change in analytical method.  Fire assays are more reliable and 
reproducible than a leach method.  One sample per hole is still also analysed by 
LeachWELL, and further tests may be carried out if there is low LeachWELL recovery in this 
sample.  This reduces the risk that grade control could overstate the gold compared to plant 
production, using average mill recoveries. 
 
Geological mapping of the pits is also undertaken, with the aim of compiling a complete 
geological interpretation for every fourth bench as the pit is mined, and this is manually 
plotted and compared with drill logs. 
 
The grade control data are fed into a grade control software package, MP3©, which utilises 
conditional simulation methodology to designate material as either high grade ore, low grade 
ore, marginal grade ore or waste.  The raw output from the package is modified to conform to 
the geological interpretation of any boundaries, faults and dykes which might affect 
mineralisation and to produce practical mining outlines.  The boundaries between ore 
destined for the ROM pad or low grade stockpile and waste are then marked in the pit and 
excavation and truck despatch are monitored by an in pit grade control technician. 
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As mine production has increased since the recent processing plant expansion, there has 
been pressure to expedite grade control procedures to maintain mine production schedules, 
and these pressures have been exacerbated by delays on the part of the drilling contractor.  
Amendments to grade control procedures are planned to streamline the process while 
maintaining the integrity of the data. 
 
The grade control practices are generally appropriate for this style of mineralisation, where 
the grade of any block will be dependent on both the density of veining and the grade of the 
individual veins.  In future it may be necessary to automate some of the processes in order to 
keep up with the mining schedules, as digitising of boundaries takes significant manpower at 
present. 
 
 
Management 
 
Mining activities are managed as three separate departments: operations, geology 
(responsible for grade control and resource development in the mining lease area) and 
technical services.  The departments are fully staffed with a complement of Thai geologists, 
mine production engineers, mine planning engineers, geotechnical engineers, surveyors and 
support staff.  Most of these personnel have extensive experience at Chatree.  An expatriate, 
with significant overseas large-scale open pit experience, predominantly in Indonesia, Papua 
New Guinea and South America, supervises the operations department.  The experience of 
the management level nationals in the geology team, although extensive, is generally limited 
to working for Akara.  Consequently, lack of varied experience may inhibit future decisions 
required in response to unexpected events. 
 
In addition, Lotus Hall retains its own technical staff to undertake daily mine planning and 
production control. 
 
 

6. PROCESSING 
 
Processing Plants 
 
Chatree employs conventional CIL processing in two semi-parallel plants.  CIL is a well 
proven method of extracting gold, along with silver and is now used in most modern gold 
plants throughout the world.  The two plants each comprise separate crushing and grinding 
circuits followed by leaching and CIL tanks.  Gold and silver are taken into solution by a 
dilute cyanide leach and adsorbed onto activated carbon. 
 
The integrated flowsheet for the two plants is shown in Figure 8. 
 
The second plant was brought on stream during December 2011 and has significantly 
increased the rate at which ore can be processed.  The original plant consisted of 12 tanks, 
each of 720 m3 capacity.  Plant 2 consists of 11 tanks, each of 2,500 m3 capacity.  It was built 
such that the first 4 tanks were dedicated leach tanks with the remaining 7 tanks as CIL 
tanks.  Tanks 2 to 4 have now been converted to CIL tanks. 
 
Residence time in the integrated CIL circuit is achieved by directing the flow from the last CIL 
tank from Plant 1 to tank 4 of Plant 2.  Loaded carbon is directed to AARL stripping circuits.  
Gold and silver from each plant are removed from the carbon, recovered from the eluted 
solution by electrowinning.  The resultant gold and silver electrowon sludge from each plant 
is then smelted in separate furnaces to produce doré bullion in a new and expanded single 
gold room.  Eluted carbon is regenerated in kilns and returned to the CIL circuits. 
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The integrated circuit now has a nominal throughput capacity of 6.4 million tonnes per year.  
Plant performance data for each year ended 30 June are shown in Table 10. 
 

 
 

Figure 8:  Flowsheet showing the integration of Plants 1 and 2 

 
Table 10: PLANT PERFORMANCE DATA 

 
Year Dry Operating Tonnes Feed Tailings Recovery Production 

Ended Tonnes Time Per Au Ag Au Ag (%) (‘000 oz) 

30 June Milled 
(‘000) 

(%) Hour (g/t) (g/t) (g/t) (g/t) Au Ag Au Ag 

2002 665 92.8 126 5.16 39.5 0.47 21.2 90.8 46.3 94.6 360.8 
2003 1,324 94.8 160 3.93 21.9 0.39 10.9 90.2 50.1 154.5 484.2 
2004 1,671 94.3 202 3.08 15.2 0.27 8.0 91.2 47.4 150.0 395.3 
2005 1,829 96.2 217 2.35 12.6 0.22 6.5 90.8 48.3 125.4 353.3 
2006 2,000 95.7 239 2.41 14.5 0.24 7.4 90.2 48.8 140.1 459.7 
2007 2,405 96.1 286 1.23 9.2 0.12 5.5 90.1 40.0 86.0 290.9 
2008 2,474 95.6 295 1.06 6.8 0.12 3.9 88.3 42.4 74.1 232.0 
2009 1,878 74.7 287 1.70 15.8 0.15 10.8 91.4 31.7 93.0 293.5 
2010 2,705 97.8 316 1.67 14.9 0.16 8.6 90.6 42.1 132.6 549.5 
2011 2,533 96.9 299 1.08 15.7 0.14 8.8 87.2 43.7 76.2 550.0 
2012 5,116 96.9 423 0.90 11.6 0.14 5.8 84.4 49.5 121.4 918.3 
2013 5,699 85.9 757 0.90 11.9 0.18 6.5 80.3 45.5 133.7 1,000.6 

 
The low percentage operating time for the year ended 30 June 2009 was caused by 
restriction in ore supply.  The introduction of primary ores in 2011 led to a reduction in gold 
recovery which fell further with the lower grade ore processed in 2012 and 2013.  Gold 
recovery increased to 83.2% in June 2013 with the addition of extra carbon to the CIL circuit. 
The overall operating time of 85.9% in 2013 reflects the 76.9% operating time of the new 
plant during commissioning and associated modifications. 
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In 2012 the tonnage of ore milled increased dramatically as a result of the second plant 
coming on stream at the end of 2011 and mining production increasing at Chatree North, in 
particular from A Pit North and from primary ore excavation at A Pit stage 2. 
 
With the present blend of oxidised and primary ores an annualised throughput of 6.4 million 
tonnes per year is considered realistic.  This may reduce as the proportion of the harder 
primary ores increases. 
 
Investigations are reviewing the effect of grind size on metal recoveries, with indications that 
tonnage and recoveries may be maintained at a slightly coarser grind size.  Recovery has 
also been shown to be dependent on the carbon inventory and its distribution in the CIL 
circuit.  Carbon inventory has been increased in the circuit.  This is also anticipated to largely 
ameliorate any potential recovery loss from small additions to the mill feed of carbonaceous 
primary ores that may otherwise be preg-robbing. 
 
Plant tailings are treated by a modified INCO process to reduce the amount of total cyanide 
reporting to the TSF to below the statutory limit of 20 parts per million. 
 
 
Metallurgical Testwork and Audits 
 
Akara has been diligent in expanding the plant to minimise the impact of falling orebody head 
grades to maintain gold production.  Whilst the laboratory facilities on site are rudimentary, 
significant testwork offsite has been accompanied by various independent audit and 
consultant reports.  Those reviewed are of a high standard and demonstrate a pro-active 
approach to maintaining the precious metal production as resource grades diminish. 
 
 
Management 
 
The processing plant and laboratory are operated entirely by Thai nationals, whose 
competence and experience at all levels are reflected in their production and safety records.  
This is accomplished under an overall project management of experienced expatriates 
augmented by regular review and input by well-regarded consultants.  
 
The plant presentation was of a high level of general house-keeping and the combined plant 
has the appearance of being subject to a high level of maintenance.  Overall the operation 
was observed to be run to the high standard that would be expected of a world-class 
operation. 
 
 

7. INFRASTRUCTURE 
 
Access 
 
Public Highway 1301 traverses the Chatree Gold Mine area.  This two-lane road is fully 
sealed and links to the major north–south arterial routes connecting Bangkok to regional 
centres.  The roads have readily catered for all heavy equipment supply to the mine to date. 
 
 
Power Supply 
 
National grid power at 115 kV is accessed approximately 2 kilometres east of the plant site.  
A dedicated sub-station and two 22 kV lines service the mine.  The lines run in parallel, and 
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effectively form a ring main linking at the main process plant switchboard.  The crushing 
plants are served by a 22kV spur from one of the principal incoming lines. 
 
 
Water Supply and Storage 
 
Chatree operates on the basis of zero discharge of water from the mining leases. 
 
Two water reservoirs have been constructed on the original mining lease and four at Chatree 
North to collect all surface run-off and all water pumped from the operating pits.  Water 
recovered from these is either (a) pumped to the new process water storage tank in the 
plant, (b) pumped to process water storage at Chatree South, in the dormant C and H Pits, D 
Pit and S Pit, or (c) is used to fill water trucks required to abate dust in the vicinity of the open 
pits. 
 
The on-site water balance is strongly affected by the large variation in monthly rainfall. 
 
Most of the water used in the plant is reclaimed from the TSF.  Table 11 shows the 
percentage of total water used in the plant that was recycled from the TSF during each 
month for the year ending 30 June 2010.  With the onset of the dry season, which ran from 
December 2009 to April 2010, the amount was reduced due to both the lower rainfall and the 
higher evaporation rate.  This particular year was selected for this table as it covered a year 
of mature, stable TSF operation. 
 
The utilisation of abandoned pits for process water storage offsets the effect of reduced 
water recycling from the TSF and has greatly eased the supply restrictions experienced in 
previous dry seasons.  It also facilitates wet season management of excess water. 
 

Table 11: WATER RECOVERY FROM TSF 
 

Month % Recycle from TSF 

July 2009 82.9 
August 2009 84.2 
September 2009 83.2 
October 2009 80.0 
November 2009 78.8 
December 2009 78.3 
January 2010 67.8 
February 2010 59.3 
March 2010 59.1 
April 2010 59.0 
May 2010 70.9 
June 2010 78.5 

 
 
Tailings Storage Facilities (TSF) 
 
The original TSF was designed to strict environmental criteria by Australian consultant Knight 
Piésold Pty Ltd (“Knight Piésold”), a well-known and reputable specialist in this field.  An 
under-drainage system was installed to enable seepage from the tailings to flow by gravity to 
two sumps via a system of interconnected, perforated and flexible HDPE pipes, surrounded 
by filter sand.  The seepage water, together with surface water from the TSF was collected in 
a decant tower and pumped back to the processing plant.  That TSF has had its walls 
progressively raised to its permitted design.  It is now essentially full and a second TSF 
designed and audited by Knight Piésold for a filling rate of capacity of 6.2 million tonnes per 
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year of solid tailings has been established and was commissioned in October 2012.  The 
December 2012 audit of both dams has been reviewed. 
 
Tailings are deposited into TSF 2 by multi-point spigotting which is moved regularly to 
distribute the tailings over a wide area of the facility.  A central decant tower is equipped with 
a submersible return water pump to continuously remove water back to the plant site, and a 
spillway has been constructed at the north east corner of the TSF.  The area has an 
underdrainage system which flows by gravity to an underdrainage tower on the south side of 
the facility.  In addition, the embankment has an upstream toe drain which flows by gravity to 
the underdrainage tower.  A composite liner 1.5 mm thick HDPE liner lies beneath the 
underdrainage system on a low permeability soil subgrade.  The walls of the TSF are 
constructed from mine waste rock and are lined with a compacted clay layer and then 1.5 
mm thick HDPE.  Monitoring is discussed in the environmental section. 
 
 

8. ENVIRONMENT AND SUSTAINABILITY 
 
Mining and mineral processing activities in Thailand are regulated by the following: 
 
• Enhancement and Conversation of National Environmental Quality Act (1992); 

• Groundwater Act (2003); 

• Hazardous Substances Act (1992); and 

• Factory Act (1992). 

 
These documents are largely statements of policy and administrative responsibility.  The 
actual detailed environmental standards to which Chatree’s operations must comply are 
those attached to the Mining Lease approvals issued in 2000 for the Chatree South 
operations and in July 2008 for Chatree North.  The conditions appended to the lease 
approvals are selected excerpts from the Environmental Impact Assessments (“EIA”).  The 
EIA addressing the extension to mining operations in Chatree North was submitted in early 
2006 and approved in June 2007.  This now applies to all project activities across the original 
and new mining leases, and supersedes the original EIA.  The new EIA includes some 
additional conditions, notably the construction of earth berms with screening vegetation 
around the perimeter of the Chatree North leases and the original mined areas. 
 
The main environmental controls to which operations must comply are as follows.  
 
• Dumps containing potentially acid-forming (“PAF”) waste are to be capped by non acid-

forming (“NAF”) waste.  The current long-term mine plan indicates that about 26% of 
future waste production will be NAF.  There are currently two waste dumps in the Chatree 
South area and two in the Chatree North area, with four more planned for Chatree North.  
When complete, these dumps must be re-vegetated and, where applicable, this has now 
been successfully completed or is in progress.  

• Sedimentation ponds are to be strategically placed to collect all surface run-off water 
from the waste dumps, ore stockpiles and across the remainder of the mining leases 
including the plant site.  There are currently eight sedimentation ponds from which settled 
water is directed to site water storage. 

• Tailings discharged to the TSF must contain less than 20 mg/L total cyanide.  Although 
there were some difficulties in achieving this target during the early stages of operation, 
the statutory limit is now rarely exceeded and then only over very short periods due to 
equipment failures associated with the cyanide destruction facility or abrupt changes in 
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the feed grade to the plant.  For the 12 months to June 2013 the total cyanide in tailings 
averaged 8.6 mg/L.  

• Bores are to be installed to monitor groundwater quality on a regular basis.  As at the end 
of June 2013 there were 37 active boreholes monitoring the two TSFs, 24 bores 
elsewhere on the mining leases, and 25 regional bores outside the mining leases.  Levels 
of manganese, sulphate and iron above permissible Thai standards continue to be 
recorded in some bores.  However, in these cases high concentrations of these had been 
identified as naturally occurring in the base line studies before operations commenced. 

• Dust and noise levels are to be monitored.  In both cases the applicable standards were 
not exceeded.  Dust levels were below the required standard, reflecting Akara’s efforts to 
reduce dust in neighbouring communities.  Noise levels were all within the applicable 
Thai standards and a curfew between 10 pm and 6 am on the western extremity of A Pit 
has been lifted since the construction of an earth sound barrier to reduce the noise levels 
in neighbouring communities. 

• A fund to cover mine closure costs must be established.  At 30 June 2013 US$19.4 
million had been accrued for this purpose and for ongoing environmental remediation.  
Additions to this fund will continue with levies of US$3.45 per ounce for mine closure and 
US$1.81 per ounce of gold produced for remediation. 

 
The Chatree mine management system is accredited with achieving the ISO 9001:2008 
(quality), ISO 14001:2004 (environmental) and OHSAS 18001:2007 (occupational health and 
safety) standards.  It is also one of the initial signatories of the International Cyanide 
Management Code (“ICMC”) covering the manufacture, transport and use of cyanide in the 
production of gold.  This is a voluntary code that commits the signatories to manage cyanide 
in a responsible manner.  In January 2008 Akara was certified as compliant with the ICMC, 
following an independent third-party audit, and is believed to have been the first small mining 
company to receive such accreditation.  Also, Akara’s major shareholder Kingsgate is a 
signatory to the Australian Mineral Industry’s Code for Environmental Management and 
Enduring Value (“CEMEV”).   
 
The Chatree internal annual Environmental Monitoring Report (“EMR”) for 2012 has been 
reviewed.  It aims to provide a summary of environment monitoring data collected during 
2012, indicating the compliance status of mining operations with relevant license conditions, 
assessing monitoring data to identify whether mining operations at Chatree are impacting on 
environmental values and, where necessary, make recommendations for future monitoring 
and management at the site. 
 
Whilst an internal Akara report, it is considered both professional and in keeping with the 
general high standards of the Chatree operation.  It notes exceedences where they have 
occurred along with mitigating actions taken or planned.  Iron, manganese and sulphate 
exceedences are noted in surface waters, but these are also noted in non-disturbed and 
background waters. 
 
The mine conducts a number of scheduled regular environmental audits that comprise:  
 
• an annual environmental compliance audit, incorporating CEMEV compliance 

requirements, which is conducted by an independent consultant;  

• semi-annual compliance audits for ISO 9001:2008, ISO 14001:2004 and OHSAS 
18001:2007, which are also conducted by independent certification auditors; and  

• a quarterly internal audit. 
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The tenth annual independent environmental audit was completed by Environ Australia Pty 
Ltd in February 2013.  This confirmed that the Chatree operations conform to the applicable 
statutory environmental requirements and the voluntary environmental commitments made 
by Akara and Kingsgate.  The audit also indicates that the project operations are being 
carried out in accordance with the requirements of the Australian Minerals Industry Code for 
Environmental Management.  
 
The latest independent Management System Certification Audit Summary Report by SGS 
dated 16 January 2013 covering ISO 9001:2008, ISO 14001:2004 and OHSAS 18001:2007 
has been reviewed (a further six monthly report is in preparation).  The audit team concluded 
that Akara has established and maintained its Management system in line with the 
requirements of the standards and demonstrated the ability of the system to systematically 
achieve agreed requirements for products or services within the scope and Akara’s policy 
and objectives.  It noted 6 minor nonconformities that have now been addressed. 
 
 

9. FUTURE DEVELOPMENT 
 
Near-Term Prospects 
 
Management is focussed on optimising current operations, both in the mining areas and in 
the processing plant.  Mining fleet availability is under scrutiny, with particular attention being 
given to maintenance and the supply of replacement parts.  The processing team is 
familiarising itself with the issues arising from the nearly unique plant configuration and the 
necessity of balancing the plant circuits.  There are no immediate, approved plans to further 
increase plant capacity. 
 
 
Long Term Prospects 
 
Akara’s current mining schedule is based upon the 30 April 2013 ore reserve statement, 
which was prepared for a projected gold price of US$1,480/oz. 
 
These ore reserves total 69.5 million tonnes at 0.81 g/t Au and 7.6 g/t Ag. 
 
Grades of economic interest for underground mining have been identified outside the existing 
pit limits, and some initial modelling has been completed.  Drilling is not yet sufficient to 
provide confidence that payable zones are of a scale to warrant development, but exploration 
potential exists for a number of lode zones of potentially minable thickness and grade. 
 
There is negligible oxide ore remaining within the mine leases (less than 0.5% of the 
scheduled ore in the current life of mine plan).  Without the grant of new mining areas, the 
mine will rapidly move to processing virtually 100% fresh ore.  Processing of the harder fresh 
ore may reduce mill throughput beyond current predictions.  Process plant recoveries of gold 
from fresh ore have been lower than those of oxide ore, and the life of mine forecast allows 
for lower metallurgical recoveries as well as lower throughput. 
 
 
TSF Construction 
 
The second TSF has been constructed under licence on adjacent land owned by the 
company.  The crests of the containment walls will be elevated in a series of discrete lifts 
conducted over coming years.  At its initially planned height it will be capable of storing 30 
million tonnes of tailings.  An ultimate storage capacity of 60 million tonnes is licenced.  
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Beyond this, additional permitted lifts on the second TSF or the establishment of a third TSF 
will be required. 
 
 
Prediction of Metallurgical Recoveries  
 
Metallurgical recoveries for the combined processing facilities are predicted using algorithms 
to calculate the tailing grades.  After initially being derived from testwork, these algorithms 
are adjusted according to data derived from actual plant performance. 
 
Following the commissioning of No 2 Plant, the algorithms employed proved overly 
optimistic, particularly for silver.  These have therefore required some adjustment.  In 
addition, practical measures to increase recovery are being implemented, including 
reconfiguring leach tanks as CIL tanks as previously discussed, and the use of higher carbon 
inventories. 
 
 
Projected Operating Costs 
 
Current mining and processing costs are well within the range of operating costs that may be 
anticipated for this scale and type of mine.  The blasting drill hole pattern is being modified to 
improve efficiency.  Nevertheless, the current small-diameter drill hole pattern and recent 
rises in fuel costs have increased mining costs slightly beyond budget expectations. 
 
Cost increases in US dollar terms are projected in the current year as a result of expected 
exchange rate adjustments.  In addition, the project throughput enhancement was expected 
to provide little, if any, improvement in the operating cost profile.  This is because the 
expansion to the scale of the operation has provided only limited opportunity for benefits to 
accrue from economies of scale.  The principal items of newly-obtained mining fleet are not 
larger than previously obtained units, and the processing plant effectively operates as two 
parallel trains with separate operating crews. 
 
As the operation matures, a higher proportion of the ore will be hauled from deeper portions 
of the pits.  Haulage costs per tonne of ore will therefore increase, although these will be 
somewhat offset by decreasing waste-to-ore ratios late in the mine life. 
 
In coming years the maintenance costs of the processing plant, and in particular those of the 
No 1 Plant, will increase as the plant ages.  Akara has accommodated this trend in its long-
term planning. 
 
Thailand applies an ad valorem royalty to gold production.  The rate changes as a step 
function depending on gold price.  The nation therefore participates in any benefits received 
as a result of high gold prices.  The step rates vary from a base of 2.5% to a maximum of 
20% of gross value.  At a gold price of US$1,000 per ounce, the royalty rate approximates 
6.5% of gross value.  Silver attracts a flat royalty rate of 10% of gross value.  Therefore, at 
current precious metal prices, the proportion of costs represented by royalty is significant. 
 
As part of an incentive to initially develop the mine, Akara has enjoyed favourable taxation 
benefits.  After eight years of operation, these benefits were partially retired with the tax rate 
increasing from zero to 50% of the statutory rate and increasing to 100% of the statutory rate 
after a further five years.  The company received further tax benefits following the completion 
of the expansion of the processing plant.  Income derived from the expansion is tax free for a 
period of eight years with the tax benefit capped at Baht 3,840 million.  The cap will be lifted 
with a zero tax rate applying for eight years commencing in November 2012 should the 
company list on the Thai Stock Exchange. 
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10. EXPLORATION POTENTIAL 

 
Prospective exploration areas in the near mine and regional areas provide longer term 
potential for both additional mine longevity and for satellite operations.  Akara has provided 
for the longer term by acquiring landholdings and prospecting licence applications in the 
immediate vicinity of the Chatree Mine (holdings known as the Chatree Mining Complex and 
the Chatree Area of Influence, as shown in Figure 9), and in addition through its partnership 
with Issara, Phar Rong and Richaphum has potential access to exploration discoveries 
elsewhere in the region. 
 
Issara acts as exploration manager for Akara.  Its strategic plan has a primary focus on 
projects within and adjacent to the Chatree Mine, and a secondary focus on significant 
prospects within SPL applications distant from the mine.  Issara also maintains an active 
generative team whose mandate is to locate new project areas in Thailand, using a 
significant regional database developed from proprietary and external sources, and their 
knowledge of the geology of Thailand compiled in the course of 22 years of exploration in the 
country. 
 
The Chatree deposit is geologically well known through the mine records, and also has been 
the subject of significant geological research, including work sponsored by Akara.  This work 
has produced a geological model which can guide exploration.  In similar deposits, such as 
El Penon in Chile and Hishikari in Japan, similar deposit-specific models have been used to 
promote continued discovery over many years.  Knowledge of the Chatree geological model, 
and the knowledge gained through regional exploration in Thailand, increase the chances of 
exploration success in locating additional resources both within the Chatree district and 
elsewhere in the region. 
 
 
Exploration Tenure 
 
Exploration tenure in Thailand is held as special prospecting licences (“SPLs”).  These are 
granted for a five-year period and have a maximum size of 16 km2 (10,000 Rai).  Approvals 
of SPL applications (SPLAs) are granted at both a Provincial and National level.  Once an 
SPLA is lodged and recorded, low impact field work may be undertaken (soil and rock chip 
sampling, geophysics, mapping) but drilling cannot be conducted until the licence is granted. 
 
Akara had previously been granted SPLs over significant areas around the mining leases 
and elsewhere, but these have expired and renewals are pending.  Currently, Akara holds no 
granted SPLs.  The SPLAs in which Akara has, or may in the future have, an interest are 
summarised in Table 12 and are shown in Figure 9.  A full listing is given in Tables 2 and 3. 
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Figure 9: Akara SPLA Exploration Areas near Chatree Gold Mine 
 

Note: some additional exploration areas are not within this map area.  
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Table 12: EXPLORATION TENEMENTS SUMMARY 

 
Location Province Company SPLAs SPLA Area (km

2
) 

Central Phichit Akara 19 297.7 
 Phitsanulok Richaphum 11 123 
 Phetchabun Akara& Phar Rong 50 712.9 
Lop Buri Lop Buri Richaphum& Phar Rong 16 240.2 
Saraburi Saraburi Phar Rong 7 104.0 
Eastern Chantaburi Richaphum 3 38.4 
 Rayong Richaphum 1 11.7 
Total   107 1527.9 

 
 
Chatree Mining Complex 
 
Near term exploration work on the mine leases is focused on defining mineral resources 
capable of providing additional open pit reserves.  The future upgrade of Inferred Resources 
to Indicated Resources will enable them to be considered for pit optimisation, and therefore 
for potential inclusion as ore reserves.  High priority targets are near current ore reserves 
and focus on areas where the pits might be deepened or lengthened by definition of further 
mineralisation.  A, Q and C Prospects are priority areas for this work. 
 
One important prospect is north of S Pit, where Akara has only recently acquired land 
access, and is applying for a new mining lease to cover a gap between existing leases.  As 
well as the northern continuation of the S lode, surface mapping has identified a northwest 
trending breccia zone which may continue towards K West.  Surface rock chips have 
confirmed that both structures are mineralised. 
 
Other potential to expand open pit resources within the mine leases is considered to be 
largely incremental to current resources, with some work required to close off known 
mineralised zones.  There is potential for additional ore reserves to be located below the 
older southern pits, where previous mining was completed when lower gold prices prevailed. 
 
In order to identify additional mineralisation within the leases, there is now a focus on the 
areas between the prospects, which are often areas of structural dislocation.  Recent work 
has now identified the link between A and Q Prospects, and similar potential exists 
elsewhere, for example between D and A Pits. 
 
Areas of open ended mineralisation are being targeted at depth to the east of A Pit where 
two intersections each of more than 30 metres returned average grades of over 5 g/t Au, and 
en echelon repeats of known mineralised zones are suspected.  Potential also exists below 
D and K East, down dip of K West, and down-plunge (south) of C Pit.  These are mainly 
underground mining targets. 
 
Significant new underground mining potential could exist if one or more feeder zones to the 
mineralisation could be located.  This is a conceptual target well worth pursuing, and a longer 
term drilling program is planned to test this target. 
 
 
Chatree Area of Influence 
 
Akara Mining holds 82.1 km2 under SPL application within the Chatree Area of Influence 
(yellow tenements in Figure 9).  The tenements are situated to the southeast and northwest 
of the Chatree Mine.  They cover geological units considered by Issara to be prospective for 
repetitions of the Chatree mineralisation, in addition to other styles of gold mineralisation.  
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They are also located over areas where Tertiary alluvial cover is relatively shallow.  Previous 
exploration in the SPLAs has identified a number of prospects that span the range from 
greenfields projects to more advanced resource stage projects. 
 
The SPLA area has been covered with airborne magnetics and radiometrics, bulk leachable 
extractable gold (“BLEG”) sediment sampling and rotary air blast (“RAB”) bedrock sampling 
on a minimum of 1 kilometre by 1 kilometre pattern.  Regional induced polarisation surveys 
have been conducted, revealing that known prospects are associated with resistivity highs, 
probably due to silicification.  High potassium levels detected by radiometrics also indicate 
alteration, which can be used to assist future exploration. 
 
Significant prospects in the SPLAs are summarised below.  Prospect locations are described 
in general terms, as Akara considers these to be commercially sensitive. 
 
 
 

 
 

Figure 10: Sample Cross Section, Zone 1 Prospect. 

 
Zone 1 prospect is within 5 kilometres of Chatree and is located on the continuation of one of 
the structures which control the main Chatree mineralisation.  It consists of a broad shallow-
dipping zone of gold mineralisation focussed around a contact between felsic volcanics and 
overlying sediments (Figure 10).  The host rocks include carbonaceous units, and geology is 
similar to that at Chatree north.  The zone has been tested by over 40 holes, of which 18 
holes returned over 30 gram-metres, with the best results including 50 metres at 7 g/t Au, 70 
metres at 2.0 g/t Au and 110 metres at 1.8 g/t Au (Figure 11).  The mineralised zone has a 
strike length of around 0.7 kilometres.  No mineral resource has as yet been estimated, but a 
moderate resource seems feasible based on the drilling to date.  Mineralisation is open 
down-dip and further drilling will test this potential extension. 
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Figure 11: Zone 1 Prospect Drill Plan. 

 
 
Zone 2 and Zone 3 Prospects are located within 10 kilometres of the Chatree Mine.  The 
area contains virtually no outcrop, and was located in the course of a regional aircore 
program which sampled bedrock.  The geology of the area is interpreted to be similar to that 
at Chatree, with gold mineralisation in quartz veins hosted in silica-altered andesitic and 
rhyolitic volcanics.  RC and diamond drilling has been undertaken on both project areas 
(Figure 12). 
 
Drilling at Zone 2 was conducted on an approximate pattern of 50 metres by 40 metres, 
closed up to 50 metres by 25 metres in areas of interest, over a strike length of 600 metres.  
Mineralisation strikes north–south and is hosted in a steeply west dipping shear zone (Figure 
13).  Preliminary estimates suggest potential for several million tonnes of mineralisation at 
grades similar to those at Chatree Mine. 
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Figure 12: Zone 2 and 3 Prospect Maps 

 

 
 

Figure 13: Zone 2 Sample Cross Section 
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Drilling at Zone 3 was conducted on an approximate 50 metres by 50 metres pattern over a 
strike length of 300 metres to a vertical depth of 100 metres.  Drilling was closed up to 50 
metres by 25 metres in some areas.  A broad zone of mineralisation has been identified 
(Figure 14), but correlation between individual intercepts is not well understood.  
  

 
 

Figure 14: Zone 3 Sample Cross Section 

 
Preliminary estimates suggest potential for several million tonnes at an average grade of 
mineralisation similar to that at Chatree, within the area drilled.  Further work, probably 
including some oriented core holes, is required to determine preliminary resources and test 
for additional mineralisation. 
 
Additional drilling is planned for both prospects, plus extension of a regional IP program, 
once tenure is granted. 
 
The area is considered to be prospective, with a high probability of additional plant feed for 
the Chatree mine, at least some of which is likely to be of higher grade than the remaining 
Chatree mineral resources.  The planned exploration program is considered to be technically 
justified. 
 
 
Joint Venture Potential 
 
Under Akara’s agreement with Issara, Issara will explore the SPLAs outside the Chatree 
Area of Influence at Issara’s expense, with Akara retaining the right to earn in to any 
discovery.  As the Phetchabun province applications are closest to being granted, these are 
likely to be the priority for exploration in the near term.  Significant prospects within 
Phetchabun exist within 25 kilometres of Chatree.  It is likely that, as at Chatree, high grades 
in surface rock chip samples are the result of surface enrichment, and underlying gold 
grades will be lower. 
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There are at least four prospects that have been explored by surface geochemistry and 
geophysics and are ready to drill as soon as permission can be gained.  They are centred 
around outcropping quartz veins, some containing visible gold, and in some cases 
hydrothermal breccias.  Rock chip samples have returned high grades, up to 277 g/t Au, and 
air core bedrock sampling returning grades of several g/t gold.  These prospects show signs 
of silicification and other alteration.  Overall, they appear to be a similar style of epithermal 
mineralisation to that found at Chatree, and warrant testing by reverse circulation and 
diamond drilling. 
 
Additional less advanced prospects exist elsewhere in the application areas.  All the 
prospects identified lie in or near regional high-potassium zones as outlined by airborne 
radiometric survey.  These high-potassium regions can be used to focus additional 
exploration. 
 
 
Exploration Management 
 
Drilling, assaying and associated data collection are conducted to a highly professional 
international standard. 
 
Akara and Issara actively support ongoing geological investigations by a number of 
geological, geochemical and geophysical consultants and academics.  This has resulted in a 
model for the mineralisation which is in a state of continual development and refinement.  
The model is utilised to develop exploration targets and control the resource estimation 
process.  This illustrates a professional approach on the part of both companies. 
 
Senior and managing geologists, both national and expatriate, have extensive expertise in 
South East Asia and elsewhere and are familiar with a wide range of geological 
environments and exploration techniques. 
 
Currently, Issara and Akara staff co-operate closely in management of near mine exploration.  
The maximum benefit will be obtained if these close relations are maintained between Akara 
and Issara, notwithstanding future company ownership, as it is not ideal to separate mine 
geology from exploration. 
 
 

11. RISKS 
 
Ore Reserves 
 
Future mill feed is available from current ore reserves, resource delineation targets and 
exploration targets within and outside the granted mining leases. 
 
Overall pit designs based on a gold price of US$1,480 have been prepared by Akara.  Of the 
designed excavations, A and Q Pits are the most critical at this time, as they are both in 
operation and provide more than 75% of the in-pit ore tonnage anticipated in the current life-
of-mine plan.  The base case mining schedule is based solely on ore reserves, and excludes 
resources not yet classified as ore reserves.  Whilst some areas in the smaller resources will 
require infill drilling to increase confidence, the performance of the resource models to date 
suggest the overall resource risk for the long term plan is low. 
 
The conversion rate of mineral resources to ore reserves will be subject to the metal price 
and production cost issues discussed below. 
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Sustainable Production Rates 
 
The open pits have sufficient working areas and available plant to maintain required 
production rates over the next few years. 
 
There is some risk associated with the ongoing reliability of equipment in the existing 
processing plant, which has now been in operation for more than 11 years.  However, any 
risk should be minimized by the existing planned maintenance system, which so far has 
allowed above average plant operating times to be consistently achieved when adequate ore 
supplies have been available.  
 
Akara now has an established, effective and accredited management regime covering all 
aspects of the Chatree operation.  Either directly or through Kingsgate, this includes 
accreditation, certification or compliance with the: 
 
• SA 8000:2008 standard for social accountability, which is based on the UN Universal 

Declaration of Human Rights, the Convention on the Rights of the Child and various 
International Labour Organisation conventions.   

• Thai 8001 labour Standard; 

• ISO 9001:2008 quality standard; 

• ISO 14001:2004 environmental standard; 

• OHSAS 18001:2007 occupational health and safety standard; 

• ISO 17025:2005 standard for fire assaying and bullion assaying in the site analytical 
laboratory; 

• the International Cyanide Management Code; and 

• the Australian Mineral Industry’s Code for Environmental Management and Enduring 
Value. 

 
Akara and Lotus Hall are now considered as experienced and competent operators based 
upon their production and safety records.  Akara’s personnel turnover was less than 4.7% for 
the year ended 30 June 2013, and the mine has recorded only one lost time injury since 
inception.  Akara as of the end of June 2013 had worked in excess of 23 million man-hours 
since this single lost time injury.  Numerous members of staff have been associated with the 
mine since commissioning. 
 
 
Precious Metals Markets and Economic Parameters 
 
Continued operations will rely on sufficient margins between revenue and costs being 
maintained.  Revenue will be influenced strongly by change in gold price and mildly by 
change in silver price. 
 
Most on-going costs are incurred in Thai Baht, a situation which is not expected to materially 
change throughout the life of the mine.  However, revenue from bullion sales will be derived 
in US Dollars.  Consequently, the exchange rate between these two currencies may 
materially impact profitability. 
 
Mining plans are premised on stable operating, revenue and cost conditions, all three of 
which are rarely if ever achieved in practice.  This is particularly the case with long-life 
operations, such as Chatree, where the mine life may exceed one or more of the cyclic 
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precious metal price fluctuations usually experienced.  Chatree’s relatively robust operating 
cost margins will provide some protection in this regard. 
 
 
Cost of Production 
 
The contractor has been operating on an agreed schedule of rates established in September 
2008, and subsequently adjusted.  The mining agreement is subject to standard rise-and-fall 
clauses.  The project is therefore exposed to price movements for diesel fuel, but only to 
levels common to this type of mine.  Similarly, profitability will be sensitive to movements in 
the price of electrical power provided from the national grid and in the principal reagents 
consumed in processing the ore. 
 
 
Risk of Force Majeure 
 
The mine is located in an area generally unaffected by seismic activity.  Although seasonal 
rainfall is heavy, open pit operations are rarely affected by inundation for periods longer than 
several hours.  The terrain is generally flat and is not subject to landslide. 
 
The company experienced significant disruption to its operation when the appraisal period for 
the Chatree North mining leases proved to be considerably longer than anticipated.  This 
delay necessitated early processing of marginal grade stockpiles in the absence of other 
feedstock, which is reflected in the decreased operating performance recorded in the 2007 
and 2008 financial years.  However, these leases are now granted, and contain substantial 
ore reserves.  A single, small mining lease in the A Pit area is currently subject to a renewal 
procedure. 
 
Thailand has experienced some political unrest in recent years.  However, to date this has 
not resulted in any disruption of production at Chatree. 
 
 
Risk of Ongoing Development 
 
At this stage, the only possibly significant processing risks identified are associated with a 
reduction in gold and silver recoveries by potentially preg-robbing carbonaceous material in 
the primary ores.  This risk is recognised by Akara and is being successfully addressed. 
 
Exploration potential is excellent in the vicinity of the mine, and the exploration group has a 
number of greenfields and advanced prospects on which to work.  Chances of success in the 
medium term are high.  Akara can elect to participate in exploration success outside the 
Chatree area of influence on a case by case basis, but only by effectively paying market 
value for that right.  Delays in grant of tenure both for exploration and development are a 
material risk, and will delay appraisal and commercial activity, potentially reducing the 
realisable value of any future discovery. 
 
 

12. INFORMATION SOURCES 
 
Information has been gathered from the following sources: 
 
• discussions with corporate and technical management personnel at Akara, Issara and 

Kingsgate; 

• discussions with contractors and consultants to Akara; 
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• general documents, as listed below; and 

• confidential documents relating to production and cost reports, budgets, long term plans 
and cost analyses. 

 
The primary references used in preparing this report are: 
 
Akara Mining Limited. Environmental Monitoring Report for 2012 
 
Corbett, G. Influence of Magmatic Arc Geothermal Systems on Porphyry Epithermal Au–Cu–
Ag Exploration Models. (Proceedings of the Terry Leach Symposium, AIG Bulletin 48, 2008) 
 
Cumming, G.The Geology and Mineralisation at Chatree, Central Thailand (October 2006) 
 
Cumming, G. et al.The Geology and Mineralisation of the Chatree Epithermal Gold-Silver 
Deposit, Phetchabun Province, Central Thailand (Proceedings of the PACRIM Conference, 
Gold Coast, Australia, 24-26 November 2008) 
 
Davidson, F, Tasavasu, T and Suphananthi, S. Chatree Gold Mine Resource Report 2012 
(Issara Mining Limited and Akara Mining Limited) 
 
Davis, B. Investigation of the Geological Setting of Mineralisation at the Chatree Deposit 
(RSG Global Pty Ltd, February 2004) 
 
del Carmen M, M. et al. Chatree Gold Mine Resource Report 2013 (Issara and Akara Mining 
Resource Teams, June 2013 Draft) 
 
Environmental Geochemistry International Pty Ltd. Chatree Gold Mine, Geochemical 
Characterisation and ARD Assessment of Chatree North Deposits (June 2005) 
 
Gemell, SG, Lewis, PJ and Malone, EJ. Technical Review of Chatree Gold Mine Expansion 
(Gemell Mining Engineers, October 2006) 
 
Kingsgate Consolidated Limited. Annual Report 2012 
 
Knight Piésold Pty Limited: Tailings Management, 2012 Annual TSF Audit Report (4 
February 2013) 
 
Marhotorn, K. et al. Petrochemistry of Igneous rocks in the Southern Parts of the Chatree 
Gold Mine, Pichit, Central Thailand. (Proceedings of the International Symposia on 
Geoscience Resources and Environments of Asian Terranes, 24 to 26 November, 2008, 
Bangkok) 
 
Nakchaiya, T. et al. Stratigraphy and Petrochemistry of Volcanic Rocks in the Chatree Gold 
Mine, Central Thailand: Implication for Tectonic Setting. (Proceedings of the International 
Symposia on Geoscience Resources and Environments of Asian Terranes, 24 to 26 
November 2008, Bangkok) 
 
Roache, B. Chatree Gold Project, Geotechnical Feasibility Study for “A” Prospect, Chatree 
North (BFP Consultants Pty Ltd, August 2005) 
 
Salam,  A. 2011.  A Geological, Geochemical and Metallogenic study of the Chatree 
Epithermal Deposit, Phetchabun province, Central Thailand. Unpublished PhD thesis, 
CODES Centre for Excellence in Ore deposit Research, University of Tasmania. 
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Tangwattananukul, L. et al. Gold Mineralization of Q Prospect at Chatree Deposit, Central 
Thailand, (NMCC Annual Report (16), 2009) 
 
Thomason, S. Akara Mining Limited, Chatree North Gold Project Closeout Report (Ausenco 
Limited, 1967-RPT-001 Rev C, 24 March 2012) 
 
Trudinger, J. 2013 Environmental Audit of Chatree Gold Mine, Thailand (ENVIRON Australia 
Pty Ltd, February 2013) 
 
Wallis, R. A-Pit Dewatering Impact Assessment, Chatree Gold Mine (URS Australia Pty 
Limited, 22 February 2013) 
 
Wijers, B. Final Report. Hydrological Assessment of Surface Runoff Collection and Storage 
System, Chatree Gold Mine. (URS Australia Pty.Ltd., December 2009) 
 
 

13. CONSENT 
 
Gemell Mining Engineers consents to the inclusion of this Report in the Akara Preliminary 
Offering Memorandum in the form and context in which it appears.  For the purpose of any 
relevant legislation, Gemell Mining Engineers has only been involved in the preparation of 
this Report and has authorised or caused the issue of only this Report. 
 
 

14. QUALIFICATIONS AND DECLARATION 
 
Gemell Mining Engineers is a multi-disciplined consulting group providing advisory services 
to the minerals industry and financial institutions. The following persons participated in the 
compilation of this report: 
 

SN Border is a professional geologist with more than 35 years experience in 
exploration and mining in Australia and overseas, such experience including mineral 
property evaluation.  She is a Fellow of the Australasian Institute of Mining and 
Metallurgy, a Fellow of the Australian Institute of Geoscientists and a Member of the 
Mineral Industry Consultants Association. 

 
RD Elvish is a professional metallurgist with more than 40 years experience in mineral 
processing in Australia and overseas, such experience including mineral property 
evaluation and cost estimation.  He has been granted Chartered Professional status 
by and is an Honorary Fellow of the Australasian Institute of Mining and Metallurgy. 
He is also a Fellow of the Institute of Materials, Minerals and Mining, a Fellow of the 
South African Institute of Mining and Metallurgy, a Member of the American Institute 
of Mining, Metallurgical and Petroleum Engineers and a Member of the Mineral 
Industry Consultants Association. 

 
SG Gemell is a professional mining engineer with more than 35 years experience in 
exploration and mining in South East Asia, Australia and elsewhere overseas, such 
experience including mineral property valuations and cost studies.  He has been 
granted Chartered Professional status by and is a Fellow of the Australasian Institute 
of Mining and Metallurgy.  He is also a Member of the American Institute of Mining, 
Metallurgical and Petroleum Engineers and a Member of the Mineral Industry 
Consultants Association. 
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Ms Border participated in the preparation of Sections 4, 5, 8, 10 and 11 of this report.  Mr 
Elvish participated in the preparation of Sections 3, 6, 7, 8, 9 and 11 of this report.  Mr 
Gemell participated in the preparation of all sections of this report.  The authors would like to 
acknowledge use of material prepared by Messrs SEC Capp and PJ Lewis prepared for a 
previous unpublished independent review. 
 
As preparation for this report, SN Border, RD Elvish and SG Gemell visited Chatree Gold 
Mine in May 2013.  SN Border also viewed core from the principal exploration projects.  
Considerable use has been made of reports and documentation provided by Akara.  Gemell 
Mining Engineers has no reason to believe that the provided documentation is deficient with 
respect to any technical aspect dealt with in this report.  Nevertheless, Akara has agreed to 
indemnify Gemell Mining Engineers with respect to the sufficiency of the data provided.  This 
indemnity does not diminish our responsibility or liability with respect to this report. 
 
Neither Gemell Mining Engineers, the persons listed above, nor immediate family members 
of the persons listed above have, previously or at this date, any financial interest in the 
companies or properties mentioned in this report.  Our relationship with Akara is solely that 
defined by the professional association of client and consultant.  Our only association with 
Akara or with the mineral properties under consideration within the past five years is as 
follows: 
 
a) a review of mining department procedures and management undertaken in February 

2009; and 

b) a review of the underground mining potential in August 2009. 

 
In addition, the consultancy has undertaken several assignments on behalf of Kingsgate 
Consolidated Limited, not related to Akara or the mineral properties under consideration, 
during the past five years. 
 
 
Yours faithfully, 
 
GEMELL MINING ENGINEERS 
 
 

 
 
 
SG Gemell 
BE(Hons), FAusIMM(CP), MAIME, MMICA 
Principal 
 
6th September 2013 
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GLOSSARY OF TECHNICAL TERMS 
 

AARL stripping A process for eluting gold and silver from activated carbon 

Activated carbon A carbonaceous adsorbent with high internal porosity onto which gold 
and silver are adsorbed from cyanide solution 

Aeromagnetic survey Geophysical data indicating the variation in magnetic intensity 
captured from an aircraft. 

Aircore drilling A drilling technique used in clays and unconsolidated rock. 

Alluvial (alluvium) Related to sediment deposited by a river or stream 

Alteration Change in the mineralogical and chemical composition of a rock 
generally produced by hydrothermal fluids or by weathering. 

Andesite An extrusive igneous rock that has a silica content of about 60%. 

Arc Chain of volcanic islands or mountains formed as an oceanic tectonic 
plate subducts under another tectonic plate and produces magma at 
depth under the over-riding plate. The magma ascends to form an arc 
of volcanoes parallel to the subduction zone 

Basalt Extrusive igneous rock, fine grained equivalent to gabbro 

Basement  The rocks below a sedimentary platform or cover, or more generally 
any rock below sedimentary rocks or sedimentary basins that are 
metamorphic or igneous in origin 

Basic Igneous rock with low silica content, usually 45 – 50%. 

Basin A depressed segment of rock in which sediments accumulate  

Bedrock The solid rock that exists at some depth below the ground surface 
beneath a superficial cover of soils and sediments. 

Breccia/Brecciation A coarse-grained rock consisting of angular broken rock fragments 
held together by a fine-grained matrix, distinct from conglomerate. 

Bulk density The weight of an object divided by its volume, including the volume of 
its pore spaces 

Calcite Calcium carbonate (CaCO₃), a common mineral constituent of 
sedimentary rocks, particularly limestone 

Carbon in Leach (CIL) A recovery process in which a slurry of gold ore, carbon 
granules and cyanide are mixed together. The cyanide dissolves the 
gold that is then adsorbed by the carbon; the carbon is subsequently 
separated from the slurry for further gold removal. 

Carbon regeneration The thermal reactivation of activated carbon to remove organics from 
active sites on the carbon 

Carbonaceous Materials rich in carbon 

Channel sampling A method of taking physical samples of an exposed rock surface which 
are representative of a geological unit 

Chalcocite A black or dark lead-grey mineral: Cu2S. Metallic lustre, occurs in 
orthorhombic crystals or massive, an important ore of copper. 

Chalcopyrite Copper and iron sulphide, the most common copper ore mineral  
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Chlorite Family of platy silicate minerals containing various amounts of 
magnesium, iron, aluminium, water, and small amounts of other 
elements 

Clastics Sedimentary rocks composed primarily from fragments of pre-existing 
rocks or fossils. 

Continental margin  Zone of the ocean floor that separates the thin oceanic crust from thick 
continental crust 

Continental back arc  Continental crust that is behind the subduction zone and arc, a 
continental platform.  

Core A cylindrical section of rock usually 5-10cm in diameter and up to 
several metres in length, obtained by drilling and brought to the 
surface for examination and/or analysis. 

Country rock The rock hosting/immediately adjacent to a mineralized body.  

Crushing The breaking of rock by compression or impact 

Cyanide A chemical compound containing the monovalent CN group used to 
dissolve gold and silver 

Dacite A fine grained extrusive rock with the same general composition as 
andesite but having less calcic plagioclase and more quartz. Extrusive 
equivalent to granodiorite. 

Deposit A mineral occurrence of sufficient size and grade that it might, under 
favourable circumstances, be considered to have economic potential 

Diorite A group of intrusive rocks of intermediate composition between acidic 
and basic. Generally composed of hornblende, oligoclase, pyroxene 
and sometimes quartz. Intrusive equivalent of andesite. 

Drill core  A solid, cylindrical sample of rock extracted from beneath the Earth's 
surface by drilling. 

Drill chips Chips of rock produced by percussion drilling methods 

Diamond drilling Drilling by a diamond impregnated drill bit attached to the end of hollow 
drill rods to cut a cylindrical core of solid rock 

Dip The angle at which rock strata are inclined from the horizontal. 

Dyke A tabular igneous intrusion cutting across the bedding or other planar 
structures. 

Electrowinning  An electrochemical process that separates metals from their ores. 

Elution The removal of gold and silver from loaded carbon 

En echelon veins  Structures within rock caused by noncoaxial shear; and appear as sets 
of short, parallel, lenses on the surface of a rock. They are planar 
structures within the rock and originate as tension fractures which are 
subsequently filled by precipitation of a mineral. 

Epiclastic Mechanically deposited sediments (gravel, sand, mud) consisting of 
weathered products of older rocks. 

Epithermal Hydrothermal mineral deposits formed within 1km of the earth’s 
surface and in the temperature range 50°C-200°C.  

Excavator A diesel-powered caterpillar-tracked mobile loading unit, with a loading 
bucket attached to an arm. 
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Fault 1- A geological fracture along which rocks on one side of the fault are 
dislocated relative to those on the other side. 2- A fracture in a rock 
mass, with the movement of one side past the other 

Feasibility study  A study of the economic viability of the mining and production of base 
or precious metals or other minerals 

Feldspar A group of silicate minerals containing varying amounts of aluminium, 
sodium, potassium and other elements. 

Felsic A term used to describe light coloured silicate minerals such as quartz 
and feldspar 

Fiamme   Lens shaped pieces 

Flitches Horizontal slices through an orebody and waste rock which is removed 
in series during open cut strip mining. 

Footwall The section of rock that extends below a diagonal fault line (the 
corresponding upper section being the hanging wall). 

Fracture The way in which a mineral breaks, other than along planes of 
cleavage. 

Gabbro Mafic coarse-grained intrusive rock with pyroxene, plagioclase, 
amphibole and olivine. Microgabbro- a finer grained gabbro. 

Geophysics Study of the earth by quantitative physical methods. Some examples 
are magnetics, electrical resistivity, seismic and radiometric surveys. 

Grade Average quantity of ore or metal in a specified quantity of rock. 

Granite/Granitic Coarse-grained felsic igneous rock containing quartz and feldspar. 
Microgranite is a finer grained granite.  

Granodiorite A plutonic rock consisting of quartz, calcium/sodium-rich and 
potassium-rich feldspars as well as some mafic minerals such as 
biotite, hornblende etc. 

Gravity separation  Gravity separation is an industrial method of separating heavier 
minerals from ground ore 

Gravity survey  The measurement of gravity at regularly spaced grid points with 
repetitions to control instrument drift, which gives an indication of the 
relative density of rock at each point 

Grind size The particle size distribution of ore after grinding, often represented by 
the micron size through which 80% of the ground ore passes 

Grinding Ore is fed to grinding mills where its sizing is reduced to liberate 
valuable minerals ahead of further processing  

HDPE   High density polyethylene, a wear-resistant synthetic fabric 

Head grade  The grade of the ore as delivered to the metallurgical plant 

Host rock A body of rock serving as a host for other rocks or for mineral deposits 

Hydraulic A means of operating machinery that moves water or oil through a pipe 
under pressure 

Hydrothermal Pertaining to deposition of minerals from hot water of magmatic origin 

Igneous Pertaining to rocks formed from a molten state 

INCO process A cyanide destruction process using SO2 and air 
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Indicated Resource That part of the total resource for which quantity and quality can be 
estimated with reasonable levels of confidence. 

Inferred Resource Mineral resource for which tonnage, grade and mineral content can be 
estimated with a low level of confidence  

Intrusive An igneous rock which has been intruded into pre-existing rocks 

IP, Induced Polarisation A surface electrical-geophysical survey technique which is 
used to search for certain types of sulphide deposit 

JORC Code Joint Ore Reserve Committee. A code prepared by the Joint Ore 
Reserves Committee which sets out minimum standards, 
recommendations and guidelines for public reporting in Australasia of 
exploration results, mineral resources and ore reserves. 

Kriging method  A group of geostatistical techniques to interpolate the value of a 
random field, commonly grade, from observations of its value at 
nearby locations. 

Limestone Limestone is a sedimentary rock composed largely of the mineral 
calcite (calcium carbonate: CaCO₃). Like most other sedimentary 
rocks, limestones are composed of grains, however, around 80-90% of 
limestone grains are skeletal fragments of marine organisms such as 
coral or foraminifera. 

Lode A deposit of valuable ore occurring within definite boundaries 
separating it from surrounding rocks 

Low sulphidation Systems formed from reduced, near-neutral fluids generated in a 
magmatic hydrothermal environment. Mineralisation commonly occurs 
in vuggy veins.  

Mafics Igneous rocks with a high magnesium and iron content, usually dark in 
colour 

Magnetic survey  A survey carried out using a magnetometer either on an aircraft or 
carried on land. The magnetometer records tiny variations in the 
intensity of the ambient magnetic field due to the local effect of 
magnetic minerals in the Earth's crust. 

Magnetic Susceptibility The degree of magnetization of a material in response to an 
applied magnetic field 

Matrix The finer grains enclosing large grains in a sedimentary rock, the 
groundmass of a rock. 

Measured Resource That part of a Mineral Resource for which tonnage, densities, shape, 
physical characteristics, grade and mineral content can be estimated 
with a high level of confidence.  

Mineralisation Term describing the deposition of economically important minerals in 
the formation of ore bodies. 

Mt Million Tonnes 

Open pit mining A mine worked at and from the surface.  

Ordovician The second earliest period of the Palaeozoic Era between 500 and 
440 million years ago 

Outcrop An exposure of rock or mineral deposit that can be seen on surface 
that is, not covered by soil or water. 
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Oxidation  The process of oxidizing; the addition of oxygen to a compound with a 
loss of electrons; always occurs accompanied by reduction. 

Permian A time period from approximately 290 to 253 million years ago 

Permeability The capability of a rock or sediment to permit the flow of fluids through 
its pore spaces 

Permo-Triassic Strata not differentiated between the Permian and Triassic systems. 

Petrological Referring to the study of rocks and their genesis. 

Porphyry/Porphyritic An igneous rock in which larger crystals (“phenocrysts”) are scattered 
through a matrix of smaller crystals (“groundmass”)/descriptive of 
rocks displaying such textures 

Preg-robbing  Preg-robbing of gold during cyanide leaching occurs when the leached 
gold is adsorbed by certain components of the ore 

Probable Reserves These reserves are the economically minable portion of an indicated 
resource, and have a lower level of confidence than proved reserves 

Proved reserves These reserves are the economically minable portion of a measured 
resource, and represents the highest confidence category of reserves 

Pyrite Yellow lustrous iron sulphide mineral (CuS₂) 

Radiometrics A geophysical survey which measures the spatial distribution of 
radioactive emissions of three elements; K (potassium), U (uranium) 
and Th (Thorium). Also known as airborne gamma-ray spectrometry. 

RC chip  The ideally dry rock sample which is brought up by compressed air 
from reverse circulation (RC) drilling. 

RC drilling Reverse circulation drilling, a form of percussion drilling where the 
sample is returned through the centre of the drill string so minimising 
contamination of the sample 

Recovery The amount of metal reporting to the saleable product expressed as a 
percentage of that metal in the plant feed 

Rehabilitation In mining, rehabilitation means restoring mined land so that it can be 
used for the same or some other purpose after mining has finished. 

Reserves, ore reserves The part of a measured or indicated resource considered to be 
economically mineable at the time of reporting, as defined in the JORC 
Code. 

Resistivity survey  Geophysics technique that measures soil and rock conductivity. 

Resources, mineral resources The part of a mineral deposit for which there is a 
reasonable prospect for eventual economic extraction, as defined in 
the JORC Code.   

Rhyolite Extrusive igneous rock that is equivalent to granite 

Riffle splitter Is a sampling device that is used for sample splitting. In the riffle 
splitter, the sample is poured from a suitable vessel, into a battery of 
about ten open chambers which are so arranged that any two adjacent 
chambers permit the material to flow out towards two different sides 

Rock chip A method of sampling exposed rocks; generally not considered as 
representative as a channel sample   

Rotary airblast (RAB) drilling 
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A drilling method used for unconsolidated material, where compressed 
air is used to recover rock chips, which are blown up the outside of the 
rods and collected at surface  

Sediment Material such as mud and sand that has been moved and deposited by 
water, ice or wind 

Sedimentary Sedimentary is one of three types of rock. Sedimentary rock forms 
from mineral fragments deposited by wind, water, or glaciers. 

Shale A fine grained detrital sedimentary rock, formed by the compaction of 
clay, silt or mud. 

Shear zone A zone where rock has been stressed or deformed, often host ore 
bodies as they focus hydrothermal flows 

Sheeted vein A group of closely spaced parallel fractures filled with mineral matter 
and separated by layers of barren rock.  

Silicification the process by which organic material is converted into stone by 
replacement with silica. 

Skarn Rocks composed of calcium rich silicate minerals associated with 
intrusions 

Slurry A thick suspension of powder of ore mineral or waste in a liquid  

Spigotting  Discharging a liquid or a slurry through a range of spaced discharge 
points in order to achieve an even flow or deposition. 

Stockwork veins Three dimensional network of irregular veinlets 

Strata Layers of sedimentary rock, visually separable from other layers above 
and below. 

Stratigraphy The science of rock strata, concerned with all characteristics and 
attributes of rocks as strata, and their interpretation in terms of mode of 
origin and geologic history. 

Strike Direction of a line created by intersection of a rock surface with a 
horizontal plane 

Stripping Ratio In open pit mining, the ratio of the total waste removed to the total coal 
mined, expressed as bank cubic metres per tonne (BCM/tonne). 

Sulphate A chemical compound or mineral containing positive sulphur ions 
bonded to negative oxygen ions. 

Sulphide A chemical compound or mineral containing sulphur in its lowest 
oxidation state 

Tailings   Waste product that has no financial gain to a mineral operator at that 
particular point in time. 

Tenement An area granted for exploration or mining purposes. 

Tertiary Thought to have covered the time between 65 and 2 million years ago. 

Topsoil Surface layer of soil 

Tpa Tonnes per annum 

Triassic geological time period between approximately 253 and 200 million 
years ago 

Variography A statistical examination of the spatial dependence of a variable 
(commonly grade) 
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Vein A fracture in rock which has been filled with mineral, often quartz.   

VLF-EM survey Very Low Frequency Electromagnetic – a geophysical surveying 
method that measures the secondary magnetic field developed around 
a conductor.  A technique commonly used to search for massive 
sulphides 

Volcaniclastics Rocks composed of fragments of material derived from volcanic 
eruptions and ash 

 


