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EXECUTIVE SUMMARY 
 
Philex Mining Corporation (“Philex”) completed an update on the Mineral Resource Estimate (MRE) 
for the Boyongan and Bayugo porphyry copper-gold deposits in Mindanao, Philippines.  These 
adjacent deposits are two major assets of Silangan Mindanao Mining Co. Inc. (“SMMCI”), a wholly-
owned subsidiary of Philex Mining Corporation (“Philex”).   
 
The Boyongan deposit is within the MPSA 149-99-XIII tenement of SMMCI.  A definitive feasibility 
study (“DFS”) has been completed for Boyongan and a Declaration of Mining Project Feasibility 
(“DMPF”) for Boyongan has also been filed currently awaiting government approval within the year. 
 
To reflect the different mineral rights’ owners, the Bayugo deposit is further subdivided into the 
“Bayugo deposit-Silangan” and “Bayugo deposit-Kalayaan”.  The Bayugo deposit-Silangan is covered 
by tenements EP13-XIII and MPSA 149-99-XIII of SMMCI, while the Bayugo deposit-Kalayaan lies within 
tenement EP14B-XIII of Kalayaan Copper Gold Resources Inc. (“KCGRI”), a wholly-owned subsidiary of 
Manila Mining Corporation (“MMC”). The Bayugo deposit-Kalayaan is under a Farm-in Agreement 
among Philex, MMC and KCGRI, where Philex has the option to increase its stake from 5% to 60%, 
subject to conditions provided under the Farm-in Agreement. Bayugo Deposit is currently being 
prepared for pre-feasibility study. 
 
The update on Boyongan-Bayugo MRE has incorporated drilling results from the exploration program 
in Bayugo deposit-Kalayaan and the additional drilling in Boyongan Project, all completed in March 
2015. A total of 435 validated drillholes with completed assays are utilized for the estimate.    
 
The MRE was completed following the guidelines of the Philippine Mineral Reporting Code (PMRC). 
To meet the requirement of “reasonable prospects of eventual economic extraction” provision in 
order to declare the Boyongan and Bayugo MRE under the PMRC, parameters based on technical 
studies on underground caving methods by SMMCI were utilized. SMMCI provided the estimated 
metal prices of US$3.2/lb for copper and US$1,342/oz for gold with metal recoveries of 95.3% and 
85% for gold and copper, respectively. A copper equivalent conversion factor of 0.686 was used with 
the complete copper equivalent formula shown below: 
 
CuEq = Cu% + 0.686 x Aug/t 
 
Based on these, a cut-off grade of 0.5% copper equivalent (“CuEq”) has been applied for reporting the 
mineralized portion of the deposit. The tables below detail the tonnage and grade listing for the Philex 
Boyongan and Bayugo Resource Estimate for 2019. Numbers may not sum up due to rounding. 
 
 
Table 1. 

Boyongan-Silangan MRE at 0.5%CuEq 
(within MPSA-149-99-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 160 0.86 0.58         4.43      2,039.0  

Indicated 119 0.48 0.44         1.84      1,150.8  

Total Measured + 
Indicated 

279 0.70 0.52 6.27       3,189.7  

Inferred 218 0.49 0.36         3.42      1,735.2  

Total   497 0.61 0.45 9.69       4,924.9  
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Table 2. 
Bayugo-Silangan MRE at 0.5%CuEq  
(within EP13-XIII and MPSA 149-99-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 161 0.61 0.60        3.17      2,112.9  

Indicated 12 0.39 0.29        0.15           72.9  

Total Measured + 
Indicated 

172 0.60 0.57 3.31       2,185.7  

Inferred 4 0.42 0.27        0.05          22.2  

Total   176 0.59 0.57 3.36       2,207.9  

 
Table 3. 

Bayugo-Kalayaan MRE at 0.5%CuEq  
(within EP-14B-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 118 0.47 0.43        1.79      1,123.8  

Indicated 3 0.37 0.64        0.03           36.6  

Total Measured + 
Indicated 

120 0.47 0.44 1.82      1,160.3  

Inferred 2 0.40 0.81        0.02           28.3  

Total   122 0.47 0.44 1.84     1,188.6  

 
The combined Boyongan-Bayugo MRE, at 0.5%CuEq cut-off, contains a total measured and indicated 
resource of 11.4 million ounces of gold and 6.5 billion pounds of copper.  
 
Table 4. 

Total Boyongan and Bayugo deposits 
(combined)  MRE at 0.5%CuEq       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 438 0.67 0.55        9.39      5,275.6  

Indicated 133 0.47 0.43        2.01      1,260.2  

Total Measured + 
Indicated 

571 0.62 0.52 11.40     6,535.8  

Inferred 224 0.48 0.36        3.49      1,785.7  

Total   795 0.58 0.47 14.9     8,321.5  
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1. INTRODUCTION 
 

 
Philex Mining Corporation (“Philex”) manages and operates the Silangan Project in Surigao district 
thru the Silangan Mindanao Mining Company Inc. (“SMMCI”). In February 2010, Philex acquired the 
remaining 19% interest of Philex Gold, Inc. (“PGI”) effectively giving Philex full control over the 
property. SMMCI has four mining tenements in the area covering 14,200 hectares in the provinces of 
Surigao del Norte and Agusan del Sur. The Silangan Project lies within two tenements, the MPSA 149-
99-XIII and the EP 013-XIII. 
 
Following the approval of MPSA-149-99-XIII in December 1999, the drilling campaign for the Boyongan 
prospect commenced in search for the source of mineralized floats that were encountered within the 
unmineralized overburden. The Boyongan porphyry deposit was discovered in August 2000 when 
drilling had successfully breached through the mudstone formation which had been impeding the 
discovery of the orebody. The discovery hole TSD-6 intersected an oxide copper mineralization with 
malachite and azurite veinlets and fracture coatings within potassic altered diorite porphyry, and 
yielded an average grade of 0.90% Cu and 2.07g/t Au for 329m length downhole. Subsequent 
definition and infill drilling campaign for the Boyongan deposit led to the discovery in June 2003, of 
another blind porphyry copper-gold deposit at Bayugo, approximately one kilometer northwest of 
Boyongan. The hypogene copper-gold mineralization intersected along JSD-15 at Bayugo is hosted by 
potassic altered diorite porphyry revealing 131m of 0.53% copper and 0.48 g/t gold at 509m. 
 
From 2000 to the cut-off date of March 2015, a total of 814 drill holes totalling 362,046.49 meters 
have been drilled for various purposes within the Boyongan and Bayugo deposits. Anglo drilled 222 
holes totaling 113,984.55 meters covering the Boyongan deposit and including the preliminary drilling 
at the Bayugo deposit while Philex drilled 592 holes totalling 248,061.94 meters to complete an 
aggressive drilling program at the Bayugo deposit and vicinity from 2009 to March 2015. This drilling 
has enabled the definition of the mineral resources of the combined Boyongan- Bayugo deposit.  
 
The Kalayaan Project on the other hand is a joint venture between Philex Mining Corporation (Philex) 
and Manila Mining Corporation (MMC), where Philex was engaged to conduct exploration drilling on 
EP14B-XIII in Surigao Del Norte, Philippines.  EP14B-XIII was issued under the name of Kalayaan 
Copper-Gold Resources Incorporated, a wholly-owned subsidiary of MMC. This 286 hectare tenement 
covers the northern extension of the Bayugo Porphyry Copper-Gold Deposit. 
 
From December 2011 to August 2013, a total of 129 definition and scout holes were drilled in the 
Kalayaan area with a total meterage of 74,279.8m 
 
This project includes the previously reported Boyongan-Bayugo project and now the Kalayaan project, 
which is adjacent to the north of the Bayugo prospect. Exploration within the Kalayaan Project 
conclusively demonstrates that this is the northern extension of the Bayugo Deposit, thus this report 
was prepared to assess the mineral resources for all three (3) projects.  A total of 435 validated holes 
from the three project areas were utilized in the final estimation run.  
 
This report has been prepared in accordance with the guidelines set by PMRC and therefore valid for 
filing to the Philippine Stocks Exchange (PSE).  
 

1.1 Report Commission 

The management of Philex has authorized the undersigned, Mr. Noel Oliveros, Competent Person in 
Geology,  to prepare a technical report compliant with the Philippine Mineral Reporting Code 
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(“PMRC”) on the Boyongan-Bayugo and Kalayaan Project (now also known as the Silangan Project) in 
Surigao del Norte, Mindanao, Philippines; where Philex has a 100% interest.  This report is to be 
submitted to Philex, and subsequently to the Philippine Stock Exchange (“PSE”) for purposes stated 
below.   

1.2 Purpose of Report 

The purpose of this technical report is to disclose the exploration results and to present the mineral 
resource estimates for the Silangan Project. The disclosure of the mineral resources at the Silangan 
Project requires the preparation and filing of this technical report with the PSE. 

1.3 Scope of Work and Terms of Reference 
 
This report has been prepared in accordance with the guidelines set by PMRC. The legal, 
environmental, political, surface rights, water rights or other non-technical issues which might 
indirectly relate to this report are not included as Philex has its legal counsel and other experts for 
these other areas of concern. The scope of work undertaken includes compilation of exploration 
results, geological modelling and PMRC-compliant Mineral Resource estimation based on available 
information up to March 2015 covering the Boyongan-Bayugo and Kalayaan deposits of the Silangan 
Project.  

1.4 Host Company Representative 
 
As the author is a full-time employee of Philex there is no need for a representative from the host 
company. 

1.5 Compliance of Report with the Philippine Mineral Reporting Code  

This report fully adheres with all the requirements of the PMRC.   

1.6 Units and Currency 
 
Throughout this report, the common measurements used are in metric units. Tonnages are shown as 
tonnes (1,000 kg), and million tonnes ("Mt"); other weights are in grams ("g"). Linear measurements 
are meters ("m") or kilometers ("km"). Metal contents are given as parts per million ("ppm") or in 
percent ("%"); precious metal value (gold as grams per tonne ("g/t Au"). Areas are reported in hectares 
("ha"). This report also uses measurements in units that are commonly used in the industry such as 
ounces (oz) of gold and pounds of copper. Currency amounts are given in United States dollars ("US$"). 
All financial data are quoted in US$. 

1.7 Qualifications 
 

Mr. Noel C. Oliveros is a full-time employee of Philex, currently the Division Manager for Exploration, 
managing the Silangan Project which includes the Boyongan and Bayugo deposits. He has extensive 
knowledge of the Silangan deposits having been involved as Philex’s representative since the 
beginning of the Philex-Anglo joint venture in 1998 covering Boyongan, and later Bayugo, and 
thereafter as Exploration Manager when Philex took over the project in late 2008. He has over twenty 
years of experience in mineral exploration and over ten years of relevant experience in mineral 
exploration and resource evaluation of porphyry copper-gold deposits in the Philippines. Mr. Oliveros 
is a registered geologist and a Competent Person (CP) for exploration and mineral resource estimation 
as defined under the PMRC and accredited by the Geological Society of the Philippines (GSP). 
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2. RELIANCE ON OTHER EXPERTS AND COMPETENT PERSONS 
 

The author has verified the geology and exploration information from the exploration program of the 
Silangan project and has found them to be substantially accurate.   The information, interpretation, 
conclusions and recommendations herein are based on data available up to the time of completion of 
drilling and assaying done by Philex as of year 2015.  Rikki Pamela Pineda-Sia (Philex Resource 
Geologist) has contributed to the resource estimation computations and write-up of the chapters 
corresponding to estimation in the report.  The contribution of the project geologists involved in the 
Silangan Exploration has also been substantial.   

 

3. TENEMENT AND MINERAL RIGHTS 

3.1 Location of Area 

3.1.1 Boyongan-Bayugo  
 
Philex, thru SMMCI, controls four mining tenements covering around 14,200 hectares in the provinces 

of Surigao del Norte and Agusan del Sur in northeastern Mindanao (Figure 1).  The total SMMCI 

property holdings consist of four non-contiguous tenements in the form of one Mineral Production 

Sharing Agreement (MPSA), one Exploration Permit (EP), and two, Exploration Permit Applications 

(EPA). The Bayugo prospect lies within two tenements, the Parcel 2 of MPSA No. 149-99-XIII and Parcel 

1 of EP 013-XIII. Both tenements are located in Barangay Timamana, Municipality of Tubod, and 

another part in Barangay Anislagan, Municipality of Placer, Province of Surigao del Norte.  The 

Boyongan Prospect also lies within the southern part MPSA-149-99-XIII Parcel 2 as is indicated in 

Figure 1.  The technical descriptions of the pertinent parcels are enumerated below: 
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     Figure 1. Silangan Project Tenement Map 
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   Table 5.Technical Description of Parcel 1 of EP-13-XIII 
 

CORNER 
NO. LATITUDE LONGITUDE 

1 9°39'00" 125°31'00" 

2 9°39'00" 125°32'30" 

3 9°38'49" 125°32'40" 

4 9°38'34" 125°32'45" 

5 9°38'30" 125°33'00" 

6 9°37'30" 125°33'00" 

7 9°37'30" 125°32'00" 

8 9°37'00" 125°32'00" 

9 9°37'00" 125°31'00" 

 
 
 
   Table 6.Technical Description of Parcel 2 of MPSA-149-99-XIII 
 
 
 
 
 
 
 
 
 

3.1.2 Kalayaan 
 
The Kalayaan project is situated in Barangays Anislagan and Macalaya of the Placer Municipality and 
partly by Barangay Timamana of Tubod, Surigao Del Norte.  Physically, this is located directly north of 
the Bayugo Prospect under Exploration Permit EP14B-XIII (Figure 1).  The tenement boundaries are 
listed in the following table:  
 

             
         Table 7. Technical Description of EP-14B-XIII 

CORNER LATITUDE LONGITUDE

1 9036'30'' 125032'00''

2 9036'47'' 125032'00''

3 9036'55'' 125032'00''

4 9037'30'' 125032'00''

5 9037'30'' 125033'00''

6 9036'55'' 125032'00''

7 9036'47'' 125032'00''

8 9036'56'' 125032'15''

9 9036'47'' 125032'20''

10 9036'54'' 125032'26''

11 9037'07'' 125032'32''

12 9037'24'' 125033'00''

13 9036'30'' 125033'00''

CORNER 
NO. LATITUDE LONGITUDE 

1 9°36'30" 125°32'30" 

2 9°36'30" 125°33'30" 

3 9°36'00" 125°33'30" 

4 9°36'00" 125°33'45" 

5 9°35'30" 125°34'00" 

6 9°35'30" 125°32'30" 
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Figure 2. Map showing Tenement Boundaries of EP-14B-XIII 
 

3.2 History of Mineral Rights 
 

3.2.1 MPSA 149-99-XIII  

The MPSA No. 149-99-XIII was granted to Philex Gold Phils. Inc. (“PGPI”) on December 29, 1999. On 
May 12, 2000, PGPI and SMMCI executed a Deed of Assignment, approved by the DENR Secretary on 
October 24, 2000 in favor of SMMCI.  The MPSA encompasses an amended area of 2,202 hectares.  
The validity of the MPSA is twenty five years effective December 29, 1999, and may be renewed for a 
further twenty five years.  The primary purpose of the MPSA is to enable the commercial utilization of 
gold, copper and other mineral deposits within the MPSA area. The MPSA allows PGPI to undertake 
exploration and evaluation of the property for a maximum of six years and another three years for 
development and construction. However, following the recommendation of the Regional Director of 
the Mines and Geosciences Bureau, extensions in the duration of the exploration and development 
periods can be granted. On October 13, 2008, SMMCI requested the Mines and Geosciences Bureau 
that it be granted an additional two-year exploration period to enable SMMCI to complete the 
preliminary assessment on the Boyongan and Bayugo deposits and to complete the Declaration of 
Mining Project Feasibility (DMPF).  On December 15, 2008, the last renewal of the two-year MPSA 
149-99-XIII exploration period until December 15, 2010, was granted to SMMCI for it to submit the 
Declaration of Mining Project Feasibility.  On December 3, 2010, SMMCI requested for another two-
year Exploration Period extension, and that portions of Boyongan and Bayugo deposits of MPSA-149 
and EP-13 be covered by only one DMPF under an integrated tenement.  The extension was granted 
on February 28, 2011, valid until February 28, 2013.  While the exploration works and exploration 
decline was continuously developed, on May 24, 2013, the DENR Environment Management Bureau 
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(EMB) granted an Environmental Compliance Certificate (ECC) for an underground block cave mine in 
favor of SMMCI. The DMPF was approved on April 13, 2015. 

However, due to operational challenges during the exploration and per-mine development phase of 
the Project, SMMCI shifted its mining method from underground to surface/open pit and also included 
the production of pure metal as an end product. The DENR EMB granted the amended ECC on March 
15, 2016 and the amended DMPF on May 6, 2016. 

With the recent challenges of pushing forward with an open pit style of mining, the project is once 
again the subject of the on-going definitive feasibility studies (“DFS”) with the Declaration of Mining 
Project Feasibility (“DMPF”) likewise filed this year under MPSA 149-99-XIII of SMMCI, using the 
assumptions of a large-scale operation using underground caving methods. 

3.2.2 EP XIII-013 
 
EP 013-XII was granted on March 11, 2002. The first renewal of the EP was granted to SMMCI on June 
1, 2005. The EP initially covered an area of 1,644 hectares located in the Municipality of Tubod, Surigao 
del Norte. With the additional areas previously acquired by the Philex-Anglo joint venture, this was 
expanded to a total of 11,934 hectares. The renewed EP consisted of three parcels: Parcel 1 retaining 
the same area of 1,644 hectares; Parcel 2 with an area of 2,529 hectares; and Parcel 3 with an area of 
7,760 hectares. The application for the second renewal of EP XIII-000013 was filed on March 2008 and 
was granted to SMMCI on September 30, 2009. Another application for renewal was filed as of 
September 9, 2011 at MGB.  In 2015, an application for the partial relinquishment of 6,934 hectares 
of the tenement area under EP-XIII-013 was submitted to MGB-R13. This application proposed to 
retain the 5,000 hectares portion of the expanded exploration permit area. The proposed retained 
area consists of two parcels with Parcel 1 measuring approximately 1,639 hectares and Parcel 2 with 
an area of about 3,361 hectares.  

3.2.3 EP-14B-XIII 
 
The Kalayaan Project area was part of the larger exploration permit denominated as EP-XIII-14 granted 
by the Mines and Geosciences Bureau (MGB) to Manila Mining Corporation (MMC) on July 17, 2002. 
On April 24, 2007, MMC executed a Deed of Assignment to MGB indicating that it has assigned Parcel 
six of EP-XIII-14 to Kalayaan Copper Gold Resources Incorporated (KCGRI).    

This Deed of Assignment was approved by the government on July 30, 2007 and eight months later, 

on March 5, 2008, the MGB issued two separate First Renewal Permits on the old EP-XIII-14. One of 

these is Exploration Permit No. 14A-XIII issued to MMC and another is Exploration Permit No. 14B-XIII 

issued to KCGRI, covering the former area of Parcel 6 of EP-XIII-14. In effect, the coverage area of 286 

hectares of the Kalayaan Project is now under EP-14B-XIII.  

EP-14B-XIII received its second renewal on April 30, 2010 from the MGB. On March 29, 2012, Philex 

on behalf of KCGRI, applied for a third renewal of EP-14B-XIII.  Currently the third renewal on the said 

permit is pending with the MGB. 

3.3 Agreements with respect to Mineral Rights and Current Owners  
 

3.3.1 Kalayaan 
 
On March 26, 2007, Anglo American Investment BV (Anglo) entered into a Farm-in Agreement with 
KCGRI to explore Kalayaan up to Feasibility Study Phase.  After a brief drilling campaign, Anglo 
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terminated its agreement with KCGRI on November 2008 with full surrender of all its claims and rights 
to the project. 
 
On May 11, 2011, KCGRI and MMC entered into a joint venture agreement with Philex Mining 
Corporation. Under the terms of this venture, Philex now owns 5% of KCGRI shares. Also under the 
same agreement, Philex will earn an additional 55% of KCGRI shares once it has successfully conducted 
an earnest exploration program for Kalayaan and when it has produced and submitted a “Declaration 
of Mining Project Feasibility (DMPF)” to the Mines and Geosciences Bureau. This will make Philex a 
majority owner of KCGRI with 60% share holdings. At present, all exploration work in Kalayaan has 
been undertaken by Philex Mining Corporation with periodic monitoring of results and progress done 
by MMC. 
 

3.3.2 Boyongan-Bayugo 
 
In August 2008, Anglo offered to sell its 50% interest in the Silangan joint venture to PGI for US$75 
million. Following an evaluation of Anglo’s offer by a committee of PGI’s independent directors in the 
light of PGI’s financial condition and after receiving Philex’s assurance that it would continue to assist 
PGI to meet its financial obligations until the end of 2010, PGI agreed that Philex shall be the entity to 
negotiate and conclude on Anglo’s offer. The acquisition was consummated in February 2009 after 
effecting payment of $55 million for the shares, rights and obligations of Anglo in the joint venture 
companies, SMECI1 and SMMCI.  This acquisition effectively gave the Philex Group together with 
Philex’s wholly owned subsidiary, PGPI, which  currently  owns  the  other  50%  interest  in  the project, 
full control  over  the  property. 

In line with Philex’s obligations, after acquiring Anglo’s interest in the joint venture, Philex   proceeded 
with doing the technical studies on the Boyongan Prospect and the resource definition and infill drilling 
of the Bayugo Prospect.  Both deposits are now referred to as the Silangan Project.  Meanwhile, PGPI 
filed an offer to buy the 19% share of PGI, a Canadian company listed in the Toronto Stock Exchange, 
that PGPI did not already own. Upon the successful completion of the transaction in April 2010, Philex 
gained total and full control of the Silangan Project 

                                                           
1 “SMECI” refers to the Silangan Mindanao Exploration Company.  This is a joint venture of Philex Gold Philippines, Inc. (PGPI) and Anglo 

American Exploration Philippines Inc (“AAEPI” or “Anglo”) formed in September 1999 specifically to conduct exploration activities in the 
Surigao Gold District.  PGPI is a subsidiary of PMC that currently operates the 53 yr old copper-gold mine in Benguet, Norhern Philippines.  
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4. GEOGRAPHIC FEATURES 

4.1 Location and Accessibility  

The Silangan Porphyry Project is in the boundary area 
between Barangay Timamana Municipality of Tubod, and 
Barangay Anislagan, Municipality of Placer, Province of 
Surigao Del Norte, Caraga Region (Region XIII). It is 
situated at the northeastern tip of Mindanao Island 
approximately 750 km southeast of Manila (Figure 3). The 
main ports leading to the island are in Surigao City, 20km 
north of the project area. Cities farther south of Surigao 
del Norte, Butuan (100km away) and Cagayan de Oro City 
(250km away), also serve as entry points to the prospect 
area thru air and sea ports and a combination of sealed 
national and provincial roads. Airlines flying from Manila 
and Cebu operate daily in the Surigao City, Butuan and 
Cagayan airports. Passenger and cargo ships from Manila 
also dock in the above mentioned cities. 

From Surigao City, the prospect is accessed via the well-paved Philippine-Japan ‘Friendship’ Highway 
to the municipality of Tubod. Then, a network of unsealed private roads connects the national high 
way to Bayugo in Brgy. Macalaya and Boyongan in Brgy. Timamana.  A provincial road in the adjacent 
barangay, Brgy. San Isidro is an alternate route. Access could also be gained from the sealed highway 
in Sta. Cruz/Bad‐as, Placer, via three km of the provincial dirt road to Upper Anislagan, then through 
a 1.5 km trail to the Bayugo Creek area. All unsealed roads at the site are accessible by light vehicles 
during the dry season and via 4x4 service trucks during the rainy season. A separate route for heavy 
equipment has been made to avoid damage to the service roads. 

4.2 Topography, Physiography, Drainage and Vegetation 
 
The Silangan Porphyry Cu-Au deposits lies within the Surigao Gold District. The vicinity of the deposit 
is generally characterized by rolling hills with karstic features and a central flatland. It is situated on 
the northeastern flank of a volcanic edifice that rises in the middle of the Mainit Graben (Figure 4). 
The Mainit Graben is a ~50-km elongated depression bounded by the fault systems of the eastern 
range and the Philippine Fault on its east and west margins, respectively. The basin is underlain largely 
by Quaternary clastics and volcanic rocks atop the basement units and the diorite intrusive complexes. 

Boyongan-Bayugo 
Porphyry Copper Gold 

Deposit 

 
 
Figure 3. Location Map of the Silangan Project 
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To the east of the deposit is the Eastern Highlands which form the northern end of the Diwata Range, 
which extends southwards as the northern part of the Pacific Cordillera. Karstic features dominate the 
northern segment of the Diwata Range representing the underlying limestone rocks draping the 
region.  On the deposit’s west is the Malimono Range , another tectonic terrain principally controlled 
by the  Philippine Fault. This mountain range reaches heights of up to 900 meters above sea level with 
very steep slopes and rugged terrain. 

Other prominent peaks in the area are Mt. Maniayao, 644 mASL (meters above sea level), located 
south of Boyongan-Bayugo and Mt. Silop at 664 mRL, the highest point in the project area, located 
west of Boyongan- Bayugo.  

Major rivers trend in the north-south direction. The Surigao River drains mostly the lowland areas and 
the Magpayang River flows southward into Mainit Lake, draining most of the Eastern range. In the 
Eastern Highlands, the land exhibits a high-relief karstic topography with internal drainage and steep 
to sub-vertical slopes descending to rolling and flat terrains. 

4.3 Climate and Population 
 
The climate that dominates over the region is classified as Type II based on the Modified Corona 
Classification of the Philippine Atmospheric, Geophysical and Astronomical Services Administration 
(PAGASA). The dry season begins in May and ends in September. The warmest months are May, 
August and September with an average recorded temperature of 28.4°C. January is the coldest month 
with 26ºC. The rainy season is experienced from November to January. The average rainfall per annum 
is 3,560mm going up to as much as 600mm during the rainy months to a low of 125mm during the dry 
months. The average temperature throughout the year is about 27°C.  

The municipality of Tubod has a population of 11,664 residents (NSCB, August 2007). This includes 
about 1,667 individuals residing in the principal host barangay, Brgy. Timamana. Tubod is classified as 

 
Figure 4. Terrain map covering Surigao 
del Norte and Agusan del Sur. On the 
right: A zoomed-in image of the 
volcanic edifice showing the location of 
Boyongan-Bayugo Cu-Au Deposit. 
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a fifth class municipality from the government’s latest census in year 2000. It hosts the Siana Gold 
Mine which started production in the 1970’s and ceased operations in the late 1990’s. The main 
income of Tubod comes from agriculture and forestry products.  An update of Tubod’s classification 
as a municipality is in order as it now hosts a number of business establishment with the re-opening 
of the Siana Mine and the increased exploration spending of Anglo and Philex since 2001. 

The municipality of Placer has an estimated population of about 21,000 and is classified as a fourth 
class municipality with agriculture, fishing and forestry as its main economic activity. Historically, the 
municipality produced gold in small amounts until the opening of MMC in 1975 when it became an 
important producer of gold in the country. After MMC closed its operations in 2001, Placer lost its 
primary source of local income and the municipality reverted to agriculture and fishing as its main 
source of income.  
 

4.4 Land Use  

The lowland areas are mostly cultivated to rice while most of the highland slopes are used to grow 
other commercial crops. While 40% of the project area is cultivated land, mining and other exploration 
activities are being carried out in some localities. 

4.5 Socio-Economic Environment 

Coconut farming and fishing are two of the main activities for economic gain. 
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5. REGIONAL AND DISTRICT GEOLOGY 
 

5.1 Regional Geologic Setting 
 
The Boyongan-Bayugo porphyry Cu-Au deposits lie within Surigao Gold District. Located northwest of 
the Diwata Range in the northern tip of the Pacific Cordillera, this district is known for high grade 
epithermal gold in veins (ex. Mabuhay deposit, 
Placer epithermal vein system) and in sediment-
hosts (ex. Siana deposit) (Figure 5). Similar 
occurrences of gold mineralization can be observed 
further south in Agusan del Sur, Surigao del Sur, 
Compostela Valley and Davao. 
 
On a regional scale, the project area can be divided 
into three physiographic terrains. To the east and 
southeast is the Mio-Plio-Pleistocene volcanic arc of 
Eastern Mindanao known as the Pacific Cordillera. 
This volcanic arc is a product of the north-westward 
subduction of the Philippine Sea Plate underneath 
eastern Mindanao along the Philippine trench. 
Volcanism along the arc also resulted in the 
deposition of mineral deposits along its length 
where the conditions for metallic mineralization are 
met. As a result, eastern Mindanao, particularly the 
Surigao and Davao areas are among the known gold 
producing districts in the country. The project area is 
located on the north-western tip of this volcanic arc. 
 
West of the project area, about 5-10 km is another 
tectonic terrain known as the Malimono Range. This 
mountain range is narrow (3-6 km in width) but long 
(45-50 km in length) which stretches from Surigao 
City on its north-western tip to Tubay-Cabadbaran in 
Agusan del Norte). This topographic high is oriented 
NNW-SSE and uplift is brought about by movement 
along the Philippine Fault Zone (PFZ). The trace of 
the PFZ is observed along the eastern flank of the 
range with major splays interpreted to pass through 
the interior of the mountain range. Exposed within 
the Malimono Range are slices of basement rocks 
including ophiolitic materials (mafic and ultramafic 
units) intruded by later dikes of intermediate 
composition. Clastic and volcaniclastic units also 
compose the uplifted terrain. 
 

Figure 5. Map showing the outline of the Pacific 
Cordillera with the Cu-Au deposits discovered in the 
volcanic arc (adopted from Obial 2009) 
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To the east of the Diwata Range and west 
of the Malimono Range is a basin known 
as the Mainit Graben. This tectonic 
terrain is an elongated depression 
bounded to the east by fault systems 
along the western flank of the Diwata 
Range and the PFZ on the west. The 
graben is 45-50km long from Tubay-
Santiago in Agusan del Norte up to 
Surigao City, opening out to the Surigao 
Strait, parallel to the Malimono Range 
(Figure 6). The Mainit Graben is widest in 
the middle portion reaching ~12km in 
width. Within the Mainit Graben are two 
distinct landforms. The southern half of 
the graben is occupied by the Lake 
Mainit. Immediately north of the lake is 
the Maniayao Highlands. This is a volcanic 
complex composed of a main caldera 
with several parasitic domes in its 
periphery. The volcanic complex forms a 
circular landform covering an area of 
64km2 (Figure 7). Clastic, volcanic and 
volcaniclastic formations of the Late 
Eocene to Pliocene ages are exposed 
inside the basin. In some areas, parts of 
the basement rocks are also exposed. 
Quaternary sediments and volcanic 
materials are among the youngest 
formations in the area. In fact, the 
Boyongan-Bayugo deposit is completely 
covered by these sedimentary and 
volcanic units, right underneath the 
flanks of the volcanic complex. 
 

  

Figure 6. Physiographic setting of the Boyongan and 
Bayugo porphyry Cu-Au deposits 
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Figure 7. Surigao Regional Geologic Map 
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6. MINERAL PROPERTY GEOLOGY 
 

6.1 Boyongan and Bayugo Intrusive History 
 
Boyongan and Bayugo Porphyry Cu-Au deposit is a series of early-, main-, inter- and late-
mineralization plagioclase- and hornblende-phyric diorite intrusions emplaced into the host rocks of 
Bacuag Formation (Figure 8).  Since the Kalayaan project is essentially the northern extension of the 
Bayugo Porphyry Cu-Au deposit, the intrusive history is the same.   
 
The Bird’s Eye Diorite Porphyry (BEP) and Medium-Grained Diorite Porphyry (MGD) phases of the early 
diorite complex extend NW from Boyongan to Bayugo, where they host several diorite porphyry 
intrusions associated with elevated copper-gold grades. Younger magmatic events are distinguished 
from the BEP and MGD on textural basis and their spatial and temporal relationships to quartz stock 
works. Logging has enabled definition of three principal intrusive phases emplaced in the early diorite 
complex. The main-mineralization diorite porphyries are the intrusive phases associated with intense 
quartz-vein stock works and elevated copper-gold grades. A series of moderately-altered inter-
mineralization and late-mineralization diorite porphyry stocks and dikes cut the progenitor porphyry 
stocks. 

               
 

Figure 8. Lithostratigraphy of Boyongan and Bayugo Porphyry Cu-Au deposit 
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6.1.1 Early Mineralization Intrusions 
 
Initial magmatic activities in the Boyongan-Bayugo area gave rise to an early diorite complex that pre-
dates the significant copper-gold mineralization. At least three early intrusive phases intrude the 
basement sequence. These are the BEP, MGD and Fine-Grained Diorite Porphyry (FGD).  
 

6.1.1.1 Bird’s Eye Porphyry (BEP) 
  

The earliest diorite phase, BEP (Figure 9, a), is located E of Boyongan and SSW of Bayugo 
deposit. Preliminary geologic modeling measured the unit to be 1.4km by 2.3km with vertical 
measurement of at least 700m. The unit is a semi-crowded, coarse-grained, plagioclase- and 
hornblende-phyric diorite stock named for its distinctive feldspar megacrysts resembling 
bird’s eyes. Although contact relationships with other intrusions are not well-exposed in 
Boyongan, clasts of the BEP in the silt-sand matrix breccia complex indicate that the BEP 
belongs to the early diorite complex. In East Bayugo, the BEP is encountered mostly at depths 
with an intrusive contact with MGD. A localized brecciation or skarn separates BEP from the 
basalt of the underlying Bacuag Formation in west Bayugo. A zircon U-Pb SHRIMP age 
determination for the BEP (Braxton, 2007) indicates a late Pliocene crystallization age of 2.3 ± 
0.1 Ma (2σ).  

 

6.1.1.2 Medium-Grained Diorite Porphyry (MGD) 
 

The second among the early diorite complex is the MGD (Figure 9, b). As the name implies, it 
is medium-grained, equigranular, crowded, plagioclase- and hornblende-phyric diorite 
intrusion locally containing minor biotite. 
 
The texture of MGD becomes more seriate (Figure 9, c) and finer-grained near the contact 
zones with the basalt host rock which can be observed on the NE side of the Boyongan 
complex. Clasts of MGD in the silt-sand matrix breccia complex indicate that MGD pre-dates 
the brecciation event. MGD also served as host to the main mineralization intrusion in Bayugo. 
It has measured dimensions of 2.2km by 2km by approximately 1km. On plan view, it is found 
to envelope the high grade zones of Bayugo proving that it is a wall rock to the progenitor 
intrusion. A zircon U-Pb SHRIMP age determination for the MGD (Braxton, 2007) indicates a 
late Pliocene crystallization age of 2.2 ± 0.1 Ma (2σ) similar to the BEP. 

 

6.1.1.3 Fine-Grained Diorite Porphyry (FGD) 
 

The youngest of the early diorite complex is FGD (Figure 9, d). This intrusive is distinctly fine 
grained when compared with the earlier diorites. It also shows a crowded texture with 
localized strong alignments of phenocrysts suggestive of flow banding. The FGD dikes locally 
contain clasts of both BEP and MGD, suggesting its younger age compared to the other two, 
and in most cases occur within the breccia complex. Clasts of FGD in the silt-sand matrix 
breccia complex suggest that it pre-dates the brecciation event; however, the intimate spatial 
association of FGD dikes and breccia complex and the fragmental nature of its phenocrysts 
also suggest a possible close temporal association of FGD intrusion and the brecciation event.  
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6.1.2 Mineralization Intrusions 

6.1.2.1 Main Mineralization Diorite Porphyries  
 

The elevated copper and gold values in Boyongan and Bayugo are related to the intrusion of the 
Main Mineralization Diorite Porphyries called the ECD series in Boyongan and its equivalent in 
Bayugo, the Diorite Porphyy 2 (DIO2). In Boyongan, around four phases of ECD intrudes the sand-

Figure 9. Early diorite complex principal intrusive phases, emphasizing characteristic textures and plagioclase 
(pg)-hornblende (hb)-phenocryst assemblage. A: Bird’s-eye diorite porphyry (BEP). Sample: 819920. DDH 
TSD67 30.8m. B: Medium-grained diorite porphyry (MGD). Sample: 815090. DDH TSD60 948.6 m. C: Seriate-
textured facies of medium grained diorite porphyry (MGD-s). Sample: 819551. DDH TSD56 674.08m. D: Flow 
banding in fine-grained diorite porphyry (FGD). Sample: 819919. DDH TSD41 244.0 m. Figure from Braxton 
(2007). 
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silt breccia complex as two separate cylindrical stocks. These two loci of ECD correspond to the 
eastern and western high-grade zones (Figure 10).  
 
In the western high-grade zone, two phases of ECD are identified. The oldest phase, ECD0 (Figure 
10), occurs as restricted bodies. The younger phase, ECD1, typified by its ribbon-textured quartz-
vein stock work (ave. 23% quartz, Anglo American, 2004) extends into the sand-silt matrix breccia 
complex, truncating the ECD0 intrusion. This stock is the most significant intrusion in the western 
high-grade zone in terms of volume and spatial relationship to elevated copper-gold grades.  
 
Meanwhile, at least three phases of ECD occur in the eastern high-grade zone. These intrusions 
are texturally similar to ECDs in the western zone and display the same spatial relationship to the 
Cu-Au mineralization; hence it has been given the same name. The earliest recognized phase 
(ECD1) has a crowded texture, displays an intense quartz stock work, and occurs as roof pendants 
and stope blocks in the cupola and on the margin of the younger ECD2 stock (Figure 10) (Anglo 
American, 2008). The ECD2 stock also has a crowded texture and is volumetrically the most 
significant intrusion in the eastern high-grade zone. The youngest phase, ECD3, occurs as narrow 
dikes cutting ECD2 stock at depth.   
 
The ECD equivalent in Bayugo Deposit is the Diorite Porphyry 2 (DIO2). The crowded, plagioclase- 
and hornblende-phyric DIO2 intrudes the batholitic MGD. Textural similarities between DIO2 and 
MGD pose a consistent challenge in distinguishing these phases. No definitive intrusive contact 
has been observed in the Bayugo drill holes. DIO2 is distinguished from MGD by its intense quartz 
vein stock works (ave. 8% quartz, Anglo American, 2004) and elevated copper and gold grades. 
Internal chilled margins document multiple intrusive phases within the DIO2 stock, the younger 
of which commonly contains vein-quartz xenoliths. Based on the results from drilling, DIO2 has a 
vertical extent of approximately 880m in east Bayugo and 300m in west Bayugo although the 
bottom of the stock is still not clearly configured.  
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Figure 10. Early-mineralization diorite porphyry (ECD) series igneous textures at Boyongan A: ECD0 
from the western high-grade zone cut by quartz and sulfide veins with minor brown limonite staining. 
Sample: 814756. DDH TSD63 417.42 m. B: ECD1, western high-grade zone. Green color of sample 
caused by malachite in weathered plagioclase phenocrysts. Sample: 815143. DDH TSD44 231.55m. C. 
ECD1 from eastern high grade zone, cut by quartz and Cu-sulfide veins with associated K-feldspar 
alteration halos. Sample: 819493. DDH TSD20 303.6m. D. ECD2 cut by magnetite-quartz cemented 
breccia and subsequent quartz veins. Sample: 819326. DDH TSD18 413.58. E. ECD3 cut by quartz veins. 
Sample: 815130. DDH TSD18 690.05. F. Contact between ECD2 and ECD3. Sample: 819313. DDH TSD18 
714.18m. Figure from Braxton (2007).     
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Figure 11. Igneous textures of the early mineralization diorite porphyries at Bayugo . A: Early-
mineralization diorite porphyry (DIO2) with hydrothermal K-feldspar alteration of the groundmass and 
cut by quartz vein with magnetite selvage. Sample: 815065. DDH TSD73 587.85 m. B: Internal contact 
zone between two phases of the early-mineralization diorite porphyry (DIO2a and b). An abrupt 
decrease in grain size marks the contact with the younger phase (dashed line), which contains vein-
quartz xenoliths (arrow). Away from the contact zone DIO2b resumes a texture and grain size 
indistinguishable from DIO2a, making systematic distinctions between the two phases impractical. 
Sample: 815052. DDH TSD73 516.45 m. Figure from Braxton (2007). 
 

6.1.2.2 Inter-Mineralization Diorite Porphyries  
 

Fine-Grained to Seriate Diorite Porphyry (FSD) 
 

Fine-Grained to Seriate Diorite Porphyry (FSD) was found to occur in Bayugo only as of recent 
studies.  It occurs as floating dikelet cutting DIO2. Grain size ranges from 0.1-0.7mm and is generally 
less crowded than FGD.  
 
A breccia zone near the contact with DIO2, wherein DIO2 are seen as clasts in FSD matrix, occurs 
in DDH KEB16A and DDH KEB09. This suggests that FSD is a minor inter-mineral intrusion after DIO2 
emplacement. 
 
In thin section, FSD is relatively weakly altered. Subhedral plagioclase laths are seriate in texture, 
rarely altered to clay. Hornblende grains are mostly altered to secondary biotite, which also floods 
groundmass. Quartz vein containing opaque minerals (possibly magnetite) cuts the rock. 
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Inter-Mineralization Diorite Porphyries 
 
A distinctly coarser-grained, crowded, plagioclase- and hornblende-phyric diorite stock then 
followed the emplacement of the progenitor intrusive. The Inter-mineralization Diorite Porphyry 
(IMD) (Figure 13) represents the deepest intrusion encountered in the Boyongan intrusive complex 
that truncated the ECD series (Figure 10). Its Bayugo counterpart, DIO3 (Figure 13), was 
encountered at depth in east Bayugo as DIO2 grades into a coarser-grained porphyry. Quartz 
veining is locally abundant and maybe similar with veining density of DIO2 in this intrusion. 
However, copper-gold mineralization is significantly lower than the ECD series or DIO2. Individual 
phases of the inter-mineralization diorite are evidenced by the internal fine-grained contacts that 
are noticed sporadically. The identification of these individual phases has not been undertaken due 
to their textural similarities away from the contacts.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Igneous textures of the inter-mineralization diorite porphyries at Boyongan and Bayugo. A: 
Inter-mineralization diorite porphyry (IMD) displaying crowded porphyritic texture. Sample: 815096. 
DDH TSD13 988.05 m. B: Crowded inter-mineralization diorite porphyry (DIO3). Sample: 815077. DDH 
TSD75 874.25 m. D: Late-mineralization diorite porphyry (DIO4) containing vein-quartz xenoliths 
(arrows), and cut by irregular quartz vein. Sample: 815107. DDH TSD78 565.15 m. Mineral 
abbreviations: hb = hornblende, Kfs = K-feldspar, mt = magnetite, pg = plagioclase, q = quartz. Figure 
from Braxton (2007).  

B A 

A 

Figure 12. A. Equigranular and crowded FSD. Sample from DDH KEB09, 396.1m. B. DIO2-
FSD contact zone. Sample from DDH KEB09, 421.6m. 
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6.1.2.3 Late-Mineralization Diorite Porphyries 
 

The latest stage of intrusion in Boyongan and Bayugo diorite complex appears as narrow dikes (<1 
m to 15 m) intermittently cutting the earlier phases. The Late-Mineralization Diorite Porphyry dikes 
LDP and DIO4 (Figure 14) are seriate and loosely crowded, plagioclase- and hornblende-phyric with 
limited to nil quartz veining. The distinct texture and low quartz veining distinguish these from 
other intrusive units. Xenoliths of quartz veins and pinacoidal quartz eyes (in thin sections) are also 
found in abundance.  A zircon U-Pb SHRIMP age determination for the LDP (Braxton, 2007) 
indicates a late Pliocene crystallization age of 2.1 ± 0.2 Ma (2σ) (Anglo American, 2008). 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Igneous textures of the late mineralization diorite porphyries at Boyongan and Bayugo. A: 
Late-mineralization diorite porphyry (LDP) with vein-quartz xenolith (arrow). Sample: 815147. DDH 
TSD52 911.85 m. B: Late-mineralization diorite porphyry (DIO4) containing vein-quartz xenoliths 
(arrows), and cut by irregular quartz vein. Sample: 815107. DDH TSD78565.15m. Mineral 
abbreviations: hb = hornblende, Kfs = K-feldspar, mt = magnetite, pg = plagioclase, q = quartz 
 

6.2 Breccia Complex 
 
Two significant brecciation events have occurred in Boyongan and Bayugo – the formation of an 
upward flaring, cylindrical silt-sand matrix breccia complex and the hydrothermal brecciation 
associated with ECD and DIO2 emplacement. In Boyongan, the silt-sand matrix breccia complex hosted 
and completely encloses the mineralized intrusives. In Bayugo, the breccia complex is limited in 
dimension and occurs north of the DIO2 stock.  Classified into the dominant clast type, the breccias 
identified are the basalt-dominated breccias, mudstone-dominated breccias, medium-grained diorite 
porphyry-dominated breccias, fine-grained diorite porphyry-dominated breccias and polymict breccia. 
Formation of these breccias occurred before the intrusion of main mineralization intrusives. 
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6.2.1 Boyongan and Bayugo Silt-Sand Matrix Breccia Complex 
 

The first significant brecciation event has occurred in Boyongan and Bayugo prior to the 
emplacement of the progenitor intrusion.  A large portion of the early diorite complex and the 
surrounding wall rock have been brecciated forming a polyphase sand-silt breccia complex.  

 
In Boyongan, the breccia complex manifests a roughly circular feature with a diameter exceeding 
900 meters (Figure 18) in plan view. In the vertical section, it is generally cylindrical at the root 
then flares upward as it reaches the paleosurface. The breccia complex is variably matrix-
supported to clast-supported and generally lacks any internal organization (i.e. stratification). The 
matrix of the breccia is originally interpreted as igneous ‘microdiorite’ cement (Ignacio, 2005; 
Sillitoe, 2001) but later petrographic observations shows that the matrix is actually composed of 
finely comminute rock fragments. Although no juvenile fragments are noted, the possibility of 
the matrix being tuffaceous in character is not discounted.  

 
Anglo American geologists identified five breccia facies within the breccia complex based on the 
volumetrically dominant clast type. These are classified as basalt-dominated breccia (BBR) (Figure 
15a-c), mudstone-dominated breccias (SBX) (Figure 15d-e), medium-grained diorite porphyry-
dominated breccia (MDB) (Figure 16a) and fine-grained diorite porphyry-dominated breccia 
(FDB) (Figure 16b) and polymict breccia (PBR) (Figure 16c) if there is more than one dominant 
rock type noted. The contact between the different breccias is treated as a gradational change in 
the proportion of the dominant clast type.  
 
Further drilling of the Kalayaan tenement delineated another breccia complex in Bayugo. Similar 
with Boyongan, it is an upward flaring cylindrical body extending at depth until 550m in east 
Bayugo and roughly 200m in west Bayugo. The breccia complex is localized towards north of 
DIO2. Also classified with respect to the dominant clast type, the breccias are identified in the 
same manner as its counterparts in Boyongan. The breccias intercepted in Bayugo include the 
basalt-dominated breccias (BBR), medium-grained diorite porphyry-dominated breccias (MDB), 
fine-grained diorite porphyry-dominated breccias (FDB) and polymict breccia (PBR). These 
breccias are also deduced to have been formed after the emplacement of the ealy diorite 
complex; however the presence of DIO2 clasts and quartz vein fragments in some of the PBR 
intercepts suggests a possible minor secondary brecciation event after the emplacement of DIO2.  

 

6.2.2 Boyongan and Bayugo Hydrothermally Cemented Breccias 
 

In Boyongan, the second significant brecciation event occurs simultaneously with the 
emplacement of the ECD series. The ECD Intrusion brings about the cementing of the 
hydrothermal quartz and magnetite to the adjacent wall rock. The noted contacts with the wall 
rocks are sharp and almost vertical with narrow (1-2 m) crackled margins. The clasts of the 
breccias typically consist of ECD1, ECD2, sand-silt breccias and quartz veins set in a silt-sized 
matrix cemented with quartz and magnetite. It is generally clast-supported with the clasts 
constituting 70-80% of its volume.  
 
The largest hydrothermally cemented breccia (HBR) body is developed in the cupola of the ECD2 
stock in the eastern high-grade zone. This breccia body is roughly cylindrical, measures 90m in 
diameter, and has a minimum vertical extent of 150m (Anglo American, 2008). 
 
In Bayugo, there is restricted and discontinuous occurrence of HBR. These dikelets are confined 
within DIO2 body and consist of DIO2 fragments in silt-sand matrix cemented by quartz, k-
feldspar and magnetite.   
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Figure 15. Wallrock-dominated facies of the Boyongan diatreme breccia complex. A: Basalt-dominated 
breccia facies (BBR) showing chaotic, unstratified, unsorted, silt-sand-matrix breccia containing sub-
rounded clasts of fine-grained dark, locally feldspar-phyric basalt (bas). Clasts and matrix (mtrx) display 
intense pervasive chlorite alteration. Sample: 819463. DDH TSD52 790.8 m. B: Basalt-dominated 
breccia facies (BBR) showing silt-sand-matrix breccia containing clasts of basalt (bas), magnetite (mt), 
and white, porous quartz (pq). Matrix is comprised of silt-sized domains of chlorite-actinolite (chl-act) 
and illite. 819464. DDH TSD52 773.18 m. C: Magnetite (mt) skarn with white, porous quartz (pq) 
fragments; possible source of magnetite and quartz in (B). Sample: 819470. DDH TSD52 680.3 m. D: 
Mudstone-dominated breccia facies (SBX) demonstrating two distinct subfacies: The lower portion 
contains rounded clasts of medium-grained diorite (MGD) and mudstone (mdst) in a greenish muddy 
matrix (mtrx). The upper interval (arrows) contains zoned spheroids with slightly darker green 
aphanitic cores and gray aphanitic rims similar to accretionary lapilli. Sample: 819591. DDH TSD54 
208.48 m. E: Photomicrograph of upper SBX zone in (D), showing concentric zoned "lapilli" with 
coarser-grained cores containing chlorite (ch) and dark clots of smectite (sm), lighter rims of micron-
scale chlorite, and dark chlorite-smectite interstitial material. The breccias contains abundant 
disseminated and veinlet pyrite (opaque minerals; py), and is cut by fine calcite (cal) veinlets. Plane 
polarized light. Figure from Braxton (2007). 
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Figure 16. Intrusive-dominated and polymict facies of the Boyongan breccia complex. A: Medium-
grained diorite clast-rich breccia facies (MDB) showing chaotic, unstratified, unsorted, silt-sand-matrix 
(mtrx) breccia, containing sub-rounded clasts of MGD and occasional clasts of massive magnetite (mt). 
DDH TSD87A 537 m. B: Fine-grained diorite-clast-rich breccias facies (FDB) showing chaotic, 
unstratified, unsorted, silt-sand-matrix (mtrx) breccia containing sub-rounded clasts of FGD and 
occasional clasts of massive magnetite (mt). The breccia is affected by a second phase of 
fragmentation dominated by silt-sand dikelet (arrow). Sample: 819475. DDH TSD52 468.56 m. C: 
Polymict breccia facies (PBR) showing chaotic, unstratified, unsorted, silt-sand-matrix breccia 
containing sub-rounded clasts of MGD, FGD, and basalt (bas). The arrow indicates a silt-sand dikelet 
resembling that shown in (B). Sample: 819370. DDH TSD45 178.62 m. Figure from Braxton (2007) 
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Figure 17. Silt-sand matrix breccia complex of Bayugo deposit. A. clast-rich, crackled Medium-Grained 
Diorite Breccia (MDB) with angular to sub-rounded, MGD clasts in silt-sand, secondary biotite flooded 
matrix. Sample from DDH KEB20, 462.3m. B. Fine-Grained Diorite Breccia (FDB) with strongly phyllic 
altered, angular FGD fragments in silt-sand matrix. Sample from DDH KEB11. C. Silt-sand matrix 
Polymict Breccia (PBR) containing pebble to cobble-sized BEP, MGD and BBAS. Sample from DDH 
KEB38, 443.75m. D. Polymict Breccia (PBR) with sub-rounded potassic DIO2 and FGD clast. Sample 
from DDH KEB38, 503.9m. E. Photomicrograph of matrix of PBR showing finely comminuted fragments 
and secondary biotite flooding. Sample from DDH KEB09 641.3m F. Photomicrograph of matrix of 
MDBs showing fragmental plagioclase laths. Sample from DDH KEB03 469.5m 
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Figure 18. Plan map showing the paleo-surface geology in the Boyongan-Bayugo area. Gold and copper are associated with the early-mineralization diorite porphyries that intrudes the pre-
mineralization rocks and diatreme breccia. Diatreme breccia in Boyongan is a cylindrical body enclosing the mineralized intrusions, while in Bayugo, breccia complex is localized north of DIO2. Inter-
mineralization diorite porphyry stocks locally intrudes the progenitor intrusions. Late-mineralization diorite porphyry dikes represents the last observed intrusive phase in the Boyongan-Bayugo area. 
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Figure 19. Vertical cross section looking west through section line 779700W showing the Boyongan deposit. Gold and copper are associated with the ECD 
series that intrude the silt-sand breccia complex. An inter-mineralization diorite (IMD) truncates the ECD series at depth. 
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Figure 20. Vertical cross section looking north through section line1062850 showing the Bayugo deposit. Elevated gold and copper grades are associated with DIO2 that intrudes the 
pre-mineralization intrusive MGD. An inter-mineralization diorite (DIO3) truncates DIO2 at east Bayugo while late-mineralization diorite (DIO4) occur as dikelets. 
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Figure 21. Vertical cross section looking west, along section line 779000 showing main-, inter- and late-mineralization diorite porphyries emplaced into passive host MGD 
and BEP. Breccia complex is localized towards north of DIO2. Red vertical dashed line marks the boundary between Silangan Project which lies between two tenements, 
MPSA 149-99-XIII and EP 013-XIII, and   Kalayaan Project covered by EP 14-B. 
 

EP 013-XIII EP 14-B 
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6.3 Geological and Structural Features and Trends 
 
Progenitor stocks occur as vertical, upward flaring pipe-like bodies in the Boyongan-Bayugo deposit. 
Mineralization follows the geological trend of these intrusions. Mineralized host rocks, MGD and the 
silt-sand matrix breccias also follow the vertical walls of the mineralizing stock. A similar trend is 
observed in Bayugo, that is, mineralization decreases distal from the progenitor stock DIO2 into the 
MGD, BEP or Bacuag Formation.  

7. MINERALIZATION IN THE MINERAL PROPERTY 
 

7.1 Overview of the mineralization 
 
The Boyongan and Bayugo deposits show typical porphyry system alteration patterns. 
 
In Boyongan, a pervasive potassic (K-silicate) alteration is observed within the progenitor intrusive 
rocks (ECD1 & 2). Illite-smectite-pyrite alteration, usually associated with argillic alteration overprints 
the potassic zone in various degrees. Skarn (Ca-silicate) alteration is observed along the contacts 
between carbonate-rich units and intrusive rocks. Propylitic alteration is well developed along the 
periphery of the diorite stocks and dissipates outwards.   
 
Based on the constructed preliminary alteration model of Bayugo deposit, alteration patterns 
observed parallels with the conventional Modified Lowell and Guilbert Po-Cu alteration model. 
Potassic alteration is generally located at the core of the deposit and observed within the DIO2, DIO3 
and DIO4. Phyllic alteration encompasses MGD at the northern area of the deposit. Propylitic 
alteration bounds potassic and phyllic alteration located mostly at the periphery of the deposit and 
has minor overprint and retrograde occurrences on potassic alteration at the center. Intermediate 
argillic and argillic alteration alter all lithologies as a result of weathering. 
 
Mineralization is concentrated on the progenitor stocks (ECDs and DIO2) as well as MGD. 
Mineralization is also observed in the Breccia Complex and inter to Late Mineralized Diorite Porphyrys. 
For both deposits, copper and gold values decrease systematically outside the progenitor towards the 
wall rock. 

7.2 Type of mineralization as mapped 
 
The Boyongan-Bayugo deposit shows typical porphyry style mineralization with the characteristic 
magmatic hydrothermal alteration pattern. The potassic alteration zone is clearly defined and 
associated with the mineralizing phase for Boyongan and with the hypogene mineralization for 
Bayugo. For Boyongan, other overprint alteration assemblages have been recognized but they do not 
contribute significantly to the mineralization. For Bayugo, the intermediate argillic and argillic 
alteration is associated with the supergene copper minerals. Few mineralization has been observed in 
the phyllic and propylitic alteration zone. In both deposits, skarn alteration is also mapped at depth 
where the intrusive rocks come in contact with carbonate-rich horizons. 

7.2.1 Boyongan Deposit 

7.2.1.1 K-silicate Alteration 
 

The main mineralized zone is characterized by K-silicate flooding with hydrothermal or secondary 
biotite, quartz and magnetite, features that are usually found in porphyry systems potassic 
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alteration zone. The hydrothermal K-feldspar usually occurs as pervasive replacement mineral of 
silicate minerals (other than quartz). It is usually observed as halos to quartz veins or quartz-
cemented breccias (Braxton et al., 2008). This zone is centered in the progenitor intrusions and 
MGD with weak quartz veining.  It is most intense in the early mineralization but manifested as 
well in inter-mineralization diorite bodies K-feldspars occurring as haloes on quartz veins and 
hydrothermal biotite replacing hornblende phenocrysts. Significant Cu-Au assay values are 
associated with this alteration zone. Chalcopyrite with bornite in various modal composition, pyrite 
and molybdenite are the principal sulphides associated with this alteration. Native gold is found 
associated with chalcopyrite and bornite. 

 

7.2.1.2 Illite-smectite-chlorite alteration  
 

This alteration is found to be widespread but of low intensity. It is characterized by Illite occurring 
as a weak dusting of plagioclase and is seen as indistinct feldspar phenocryst in hand specimen. 
Smectite occurs as replacement of mafic minerals, plagioclase and groundmass. Chlorite is found 
as pervasive alteration in mafic minerals and in the groundmass.  This mineral assemblage is 
observed to overprint the skarn and potassic alteration in Boyongan. This alteration was logged as 
in Boyongan. 

7.2.1.3 Illite-pyrite alteration 
 

The mineral assemblage illite+pyrite+quartz occur as pervasive replacement of all aluminosilicates. 
Chalcopyrite, tetraherite-tennantite, sphalerite, galena and locally siderite and ankerite are found 
as accessory minerals to the illite-pyrite assemblage (Braxton et al, 2008). This alteration is noted 
to occur throughout Boyongan usually along narrow structures.  

7.2.1.4 Ca-Silicate alteration 
 

Calcium silicate minerals + magnetite + pyrite make up the skarn alteration in the Boyongan 
deposit. Green garnet and epidote, variably replaced by chlorite + actinolite and magnetite are also 
found in the Boyongan-Bayugo skarns. The skarn units usually occur in the contacts between the 
intrusives and carbonate rich layers of the Bacuag formation. This alteration may carry some 
copper and gold values but does not contribute significantly to the mineralization. Only minor 
chalcopyrite is found associated with pyrite. 

7.2.1.5 Traces of Mineralization on Alteration Zones 
 

The traces of different copper minerals were superimposed on the working models of the different 
alteration zones of Boyongan. The oxide minerals, azurite, cuprite, malachite and chrysocolla, 
mainly occur in IA, AR and PT based on the working model of Boyongan alteration (Figure 22).  
 
The same goes for enrichment minerals chalcocite and native copper. They are mostly present in 
the potassic, argillic, and intermediate argillic portions (Figure 23).  It is harder to distinguish the 
traces of the minerals when the IA and AR models are loaded as well, and thus suggests that a 
number of these minerals are located within the said models. Pyrite, chalcopyrite and bornite are 
strongly associated with PT alteration (Figure 24) 
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Figure 22. Oxide mineralization traces in IA (red) and AR (yellow) alteration zones of Boyongan in plan view.  a) 
Azu, b) cup, c) mal, d) cry. 
 

 

 

 
Figure 23. Enrichment mineralization traces on PT (violet), IA (red) and AR (yellow) solids of Boyongan in plan 
view. a) Nat Cu in IA, AR & PT, b) Nat Cu in PT c) cct in PT, IA, AR and d) cct in PT. 

a. azu b. cup 

c. mal d. cry 

a. nat Cu b. nat Cu 

c. cct d. cct 
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Figure 24. Hypogene mineralization traces in PT solid (violet) (Boyongan) in plan view. a)  py, b) cpy, c)bor. 

 

7.2.2 Bayugo Deposit 
 

7.2.2.1 Potassic Alteration 
 

Potassic alteration in the deposit is characterized by the K-feldspar + secondary biotite + magnetite 
mineral assemblage. K-feldspar generally occurs as selvages on quartz veins and as floods on 
groundmass rimming plagioclase phenocrysts with silicification. Magnetite occur as stringer 
centerlines and/or outlines on quartz veins, minimally as floods with K-feldspar. The potassic 
alteration is most intense in DIO2, altering the host rocks. Inter-mineralization intrusives, DIO3, 
also manifest similar K-silicate alteration with K-feldspar occurring as haloes on quartz veins and 
hydrothermal biotite replacing hornblende phenocrysts. Minor to rare potassic alteration is 
observed on Late-Mineralization Intrusive, DIO4.  
 
Hypogene sulfide minerals, pyrite + chalcopyrite + bornite ± covellite, are mainly associated with 
this alteration. Chalcopyrite and bornite replaces pyrite minerals as observed on polished section. 

 

7.2.2.2 Phyllic Alteration 
 

Based on the old porphyry copper alteration model, phyllic alteration occurs only at the upper 
portion of a deposit. However, this notion differs with the observations on the drill cores in Bayugo 
area. Representative samples were cut and thin sectioned for petrographic analysis. Macro and 
micro observations showed occurrence of sericite + chlorite minerals at great depths, 
approximately 300m to 600m depth. This alteration also differs with the typical phyllic alteration 
because of the relatively less pyrite disseminations and fresher looking plagioclase minerals. 

 

a. py b. cpy 

c. bor 
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According to the article of Anthony Harris and Suzanne Golding, “New evidence of magmatic-fluid-
related phyllic alteration: Implications for the genesis of porphyry Cu deposits”, phyllic alteration 
can occur with early potassic alteration under high temperature and hypersaline conditions. Main 
stage phyllic alteration, as it is termed, is generated from cooling of exsolved primary magmatic 
fluids and may result because of time decline in total salinity, NaCl/KCl, and temperature from ~600 
to ~550 oC. It is composed of sericite + chlorite ± pyrite mineral assemblages.  This contradicts the 
widely used genetic alteration model wherein phyllic alteration forms from mixing of magmatic 
and meteoric fluids that occurs peripheral to the mineralized Potassic alteration. 

 
Late stage phyllic alteration, on the other hand, forms at relatively lower temperature, ~300 to 
~200 oC, with significant quartz + sericite + pyrite mineral assemblage. 

 
Presence of sericite-chlorite assemblage on potassic altered and silicified cores were determined 
present based on mineralogical logsheets and thin sections. This assemblage overprints potassic 
Alteration at the core of the deposit and is mostly observed on silicified drill cores. 

 
Pyrite disseminations are prevalent in the phyllic alteration. Few chalcopyrite and rare bornite 
occurrences are noted commonly along lithologic contacts and transition zones of alteration. 

 

7.2.2.3 Propylitic Alteration 
 

The propylitic alteration bounds the potassic and phyllic alteration at the east and west side of the 
deposit extending towards the northeast of East Bayugo area. It is characterized by epidote + 
chlorite + calcite mineral assemblage.  
 
This alteration is observed mostly on the basement rock, BBAS, and early mineralization intrusive, 
BEP. Chloritization of ferromagnesians and epidote specks characterize this alteration.  
Mineralization is commonly defined by pyrite disseminations and fracture fills. Few chalcopyrite 
specks are observed on propylitic altered cores. 

 

7.2.2.4 Intermediate Argillic & Argillic Alteration 
 

IA and AR alteration is evident on most of the lithologies. Oxide zone and enriched oxide zone exist 
within these alteration zones. Mineral assemblages associated with the two ore zones include Cu 
oxide (cuprite)/Cu carbonates (azurite and malachite)/Cu silicates (chrysocolla) with chalcocite 
and/or native Cu. 

 

7.2.2.5 Traces of Copper Mineralization on Alteration Zones 
 

Azurite, cuprite and malachite mainly occur on intermediate argillic alteration with few traces on 
argillic alteration (Figure 25). Minor chrysocolla are present on IA and AR alteration.  
 
Chalcocite and native Cu minerals are mostly evident on IA, AR and PT Alteration. This can be easily 
observed when comparing the figures in Figure 26, it is harder to distinguish the traces of the 
minerals when the IA and AR models are visible and thus suggests that these minerals occur inside 
those models. 

 
Pyrite + chalcopyrite + bornite + covellite occur on PT alteration waning towards PH and PR (Figure 
27). 
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Figure 25. Oxide mineralization traces in IA (red) and AR (yellow) models of Bayugo in plan view. a) 
azu b) cup c) mal d) cry. 
 
 

 

 
 

Figure 26. Enrichment mineralization traces in PT (violet), IA (red)and AR (yellow) in models of Bayugo in plan 
view. a)Nat Cu in IA, AR & PT, b) Nat Cu in PT c) cct in PT, IA, AR and d) cct in PT. 

a. azu b. cup 

c. mal d. cry 

a. nat Cu b. nat Cu 

c. cct d. cct 
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Figure 27. Hypogene mineralization traces in potassic (violet), propylitic (green), phyllic (orange)models of 
Bayugo in plan view. a) pyrite, b) chalcopyrite, c) bornite. 

7.3 Style of mineralization 
 
Initially, the Boyongan-Bayugo porphyry Cu-Au deposit formed hypogene mineralization (Table 8). 
Later supergene processes resulted in the stratification of the Cu distribution in the ore body. An exotic 
copper zone is deposited in the southeast portion of the Bayugo deposit where the ground water has 
been hypothesized to flow during that particular time. 

 
Table 8. Boyongan-Bayugo ore minerals paragenetic table. 

 
 
 
  

a. py b. cpy 

c. bor 
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7.3.1 Hypogene mineralization 
 

 
Photo 1. Hypogene sulfide mineralization (KEB32 371.7-372.7m USB Microscope photo) 

 
The elevated copper and gold values in Boyongan-Bayugo are associated with the Early Mineral 
Diorite Porphyries (ECDs or DIO2). In Boyongan, hydrothermal breccias spatially related to ECDs 
also bear significant copper-gold. Mineralization in Bayugo is also correlated to the breccia 
complex and pre-mineralization MGD as it serves as host to the progenitor intrusion. Hypogene 
mineralization occurs as quartz vein infill, as dissemination and as stringers. Chalcopyrite 
dominates as the primary copper mineral in the sulfide zone with occasional bornite and rare 
covellite. Hypogene gold occurs as pure gold, electrum and as Au-Ag tellurides locked in pyrite, 
bornite and rarely in chalcopyrite. Pyrite is widespread. 

 

7.3.2 Supergene mineralization 
 

After the emplacement of all the diorite phases in the Boyongan-Bayugo deposit, the system is 
tectonically exhumed exposing its upper portion to the supergene processes. During this stage, 
the top portion of the deposit is eroded and the ore body experiences supergene oxidation and 
enrichment. The supergene process mobilized the leached copper forming an enriched zone 
with secondary chalcocite and native copper. The enrichment minerals occur in the boundary 
between the oxide and sulfide zones. This makes up the enriched zone. 

  

 
Photo 2. Supergene mineralization in Boyongan-Bayugo. a) copper oxide minerals in ECD from TSD38 
81.60m b) chalcocite with copper sulfide disseminations in DIO2 from JSD31 469.45m 
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7.3.2.1 Supergene Cu mineralization zones 
 

In Boyongan, oxidation extends deep (deepest at -600m) into the center of the deposit creating an 
oxidized zone and a localized zone of secondary enrichment. Bayugo has a shallower oxidation 
profile but a more pronounced enriched zone containing secondary sulfide, chalcocite and/or 
native copper. There is a deep oxidation profile in West Bayugo and is believed to be formed in an 
environment of high topographic relief immediately next to a prominent escarpment (Braxton, 
2009). The unsaturated zone promoted in-situ oxidation of the hypogene minerals. The 
remobilization of copper was the result of hypogene pyrite that eventually produced enough acid 
to initiate intense leaching. The copper was remobilized and then precipitated as secondary copper 
minerals in areas where the paleo-groundwater had flowed resulting in the exotic copper zone. On 
the other hand, the low pyrite character of Boyongan had limit the leaching and remobilization of 
copper that resulted to the restricted distribution of secondary sulfides in its oxidized profile. The 
mineral assemblage consisting of copper oxides + chalcocite ± native copper ± copper sulfides 
reflects the overprinting of in-situ and transported copper in the supergene profile. 
 
The supergene enrichment gave rise to two supergene copper domains in Boyongan namely the 
oxide zone, and mixed oxide-sulfide zone; and three domains in Bayugo namely the oxide zone, 
enriched oxide zone and enriched sulfide zone. 
 
In both Boyongan and Bayugo, the oxide zone is dominated by azurite, malachite and cuprite with 
minor chrysocolla and neotocite. Iron oxides such as limonite, hematite and specularite are also 
common in this zone. The thickness of the oxide zone ranges from as thin as 10m in some areas in 
East Bayugo to 600m in West Boyongan. Groundwater flow being the dominant controlling factor 
in such profile, the intense brecciation in the western portions of Boyongan and Bayugo had 
deepened the base of oxidation below 250m RL along this direction. 
 
Meanwhile the distribution of secondary sulfide and native copper enrichment in the two deposits 
is rather different. In Boyongan, chalcocite, commonly with native copper and minor covellite and 
digenite, is normally found near the base of oxidation. It is usually observed as discontinuous lenses 
within the oxidized profile of the deposit. On the other hand, the chalcocite/native copper 
enrichment in Bayugo is more defined and well-developed as it extends from the oxide zone until 
the upper portion of the sulfide zone in a more continuous blanket-like pattern.  
 
In Boyongan, the mixed zone represents the zone near the base of oxidation where partial or 
incomplete oxidation took place resulting to the co-occurrence of both hypogene copper sulfides 
and the supergene-produced copper oxides. Chalcocite and native copper are also commonly 
found in this zone reflecting the capillary fringes or the transition zone from the vadose zone into 
the saturated water table.  Considering metallurgical constraints, the mixed zone is pegged until 
the 60% copper oxide percentage mark from the base of oxidation. Thickness of the mixed zone 
ranges from 10 to 350 meters. 
 
In Bayugo, the presence of secondary chalcocite and native copper defines the zones of 
enrichment. The enrichment zone is further subdivided into the enriched oxide zone and the 
enriched sulfide zone.  
 
The characteristic mineral assemblage in the enriched-oxide zone is copper oxides + native 
copper/chalcocite. Following beneath the oxide zone or enriched oxide-sulfide zone is the enriched 
sulfide zone in Bayugo. This zone is primarily composed of chalcocite/native copper ± copper 
sulfides. The absence of copper oxides suggests the limit of the vadose zone that restricted in-situ 
oxidation. The enriched-sulfide zone usually lies beneath the enriched-oxide zone. The presence of 
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enrichment minerals and the absence of the copper oxides characterize the enriched-sulfide zone. 
Generally, the boundary between the two zones also represents the base of oxidation.  

 

 
Photo 3. (a) Enriched-oxide mineralization-KEB17 275.7m-275.9m and (b) enriched-sulfide mineralization-KEB23 
294.6m-296.2m. 

 

7.3.2.2 Supergene Au residence 
 

Gold is found in all the supergene zones occurring either as free pure phases or as discrete phases 
associated with pyrite and chalcocite. If not destroyed by oxidation, 23% of gold occurs as Au-Ag 
tellurides. Pure phases are common in the oxide zone while gold associated with pyrite and 
chalcocite is observed more abundantly in the enriched zones. 

 

7.3.3 Wall Rock Alteration, Paragenesis 
 

The Bacuag Formation mainly shows propylitic alteration with chlorite-epidote-calcite mineral 
assemblage. Fluids and heat from the series of intrusions of the diorite lead to the alteration of 
the basalt and associated lithologies. Usually, the contact between the wall rock and the 
intrusions entail brecciation of the former, leading to a more intense alteration near the 
contact. Localized silicification is also noted in the basalt.  In the carbonate-rich members of the 
Bacuag Formation, skarn development is observed with thicknesses ranging from a few meters 
to <20 meters.  

 

7.3.4 Geological Structures 
 
Currently there is no mapped structure in the mineralized zone that contributes conclusively to 
the understanding of the mineralization process that occurs in the deposit. Further structural 
study should be conducted to improve the understanding of the possible relationship of 
structures to the Bayugo deposit. 

 

7.3.5 Localization of the Deposit 
 

Mineralization in the Boyongan-Bayugo deposit is associated with the Early Coarse-grained 
Diorite Porphyry stocks (ECD and DIO2), which holds the highest assay values for copper and 
gold. The diatreme breccia complex in Boyongan and the MGD and breccia complex in Bayugo 
serve as the principal host of ECD and DIO2 respectively. Significant Cu and Au assay grades 
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from these have been noted. In Bayugo, the assay values of MGD wanes away from the DIO2 
body. 

7.3.6 Length, Width, Depth of Mineralization 
 

At the paleo-surface, Boyongan and Bayugo are the two loci of mineralization centered in the 
progenitor stocks occurring side-by-side. In between Boyongan and Bayugo is a supergene 
enriched portion hosted by the pre-mineralization intrusion MGD.  

Measuring the extent of the interpreted MGD, the dimensions of the Bayugo and Boyongan 
deposit is 1300m x 1100m and 1050 x 800m on their N-S and E-W axis respectively. The main 
mineralizing intrusive body (ECD) measures around 150m in length, 250m in width and 500-
850m in height. For Bayugo, the main intrusive body (DIO2) is around 400m in length, ~925m in 
width and ~900m m in height in East Bayugo and ~330m in height in West Bayugo. 

 

7.3.7 Element Grade Levels and Patterns 

On top of the ore body is the oxide zone where azurite, malachite, cuprite and chrysocolla are 
the main copper-bearing minerals. The assay results yielded a weighted average of 0.53% Cu 
and 0.758 ppm Au for Boyongan and .614% Cu and .644 ppm Au for Bayugo.  

In the ore zone model, intervals logged as mixed (oxides + sulfides ± enrichment minerals) 
were combined with the hypogene. The assay results for these zones yielded a weighted 
average of 0.295% Cu and 0.377 Au ppm.  

Boyongan has a rather different oxidation profile. The base of oxidation (BO) shows a regular 
pattern of decreasing elevation toward the centre of the diatreme breccias complex. The BO 
elevation ranges between sea level and -100m beyond the margins of the breccia complex, and 
lies more than 550 meters below sea level within the west-central portion of the breccia 
complex. 
 
In Bayugo, a defined enriched zone is common below the oxide zone. The two subdivisions of 
this zone, EO and ES, can be found in the lower portion of the oxide zone and the upper 
portion of the hypogene zone respectively. The assay results show a mean of 0.704% Cu and 
0.645 ppm Au for EO and 0.739% Cu  and 0.536 ppm Au for ES (Table 10).  
 
Below the enriched zone for both Boyongan and Bayugo is the hypogene sulfide zone. Magmatic 
hypogene sulfides, mainly chalcopyrite-bornite and pyrite, characterize this zone. The assay 
results show a mean of 0.236% Cu and 0.268 Au ppm for Bayugo (Table 10). 
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Chart 1. Histogram showing the frequency of the different copper and gold grades of samples from Boyongan. 

 
 
 
 

Boyongan 
Cu Au 

OX Mixed-HS OX Mixed-HS 

Mean 0.53 0.295 0.758 0.377 

Standard Dev 0.56681 0.314022 2.00233 0.615801 

CV 1.069452 1.06448 2.641596 1.633425 
 
Table 9. Mean, standard deviation and coefficient of variance of the copper and gold assay grades of the 
Boyongan Ore Zones 
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Chart 2. Histograms of Cu and Au grades of Byg intervals with ore types. 
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Bayugo 
Cu Au 

OX EO ES HS OX EO ES HS 

Mean 0.614 0.704 0.739 0.236 0.644 0.645 0.536 0.268 

Standard dev 0.628068 0.753064 0.648918 0.208816 0.767514 0.930062 0.622556 0.290429 

CV 1.022911 1.069693 0.878102 0.884815 1.191792 1.441957 1.161484 1.083691 

 
Table 10. Mean, standard deviation and coefficient of variance of the copper and gold assay grades of the 
Bayugo Ore Zones 

7.3.8 Development of “Ore Shoots” 
 

Zones with significant Cu-Au assays are directly correlated to the progenitor stocks.  This implies 
that the emplacement of these stocks is responsible for the formation of the Boyongan-Bayugo 
ore zones. Braxton et al. (2008) described the development of the mineralized zones in four 
stages. The stage with quartz veining associated with K-silicate alteration is noted to be at the 
phase where significant Cu-Au deposition in the rocks occurs. 
 

7.3.9 Continuity of Mineralization 

Available drilling data confirms significant mineralization in the coverage of the Boyongan-
Bayugo deposit. Laterally, mineralization dissipates away from the progenitor stocks, ECD and 
DIO2. In Bayugo, MGD encloses most of DIO2 and the Breccia Complex. This intrusive body also 
carries significant gold and copper grades. Its dimensions can reach up to around 2.2km in 
length, 2km in width and 1km in height. 

8. EXPLORATION  

8.1 Geological, Geochemical and Geophysical Survey  
 
The Boyongan and Bayugo deposits have been explored by SMMCI since 1998 which was initially 
directed by Anglo until 2008 when Philex  gained full control. The exploration that led to the discovery 
of Bayugo-Boyongan, consisted of various exploration stages including conventional drainage 
geochemistry, geologic mapping and geophysical survey inside the Philex controlled tenements. The 
tenements covers part of the towns of Placer, Sison and Tubod in Surigao del Norte where the areas 
of Bagacay, Boyongan, Timamana and Bayugo  are located. Exploration lasted for 12 years until the 
last infill drilled hole was sunk in mid-2010 which led to the proper delineation of the Bayugo and 
Boyongan deposits.   
 
The Kalayaan Project on the other hand, was intially explored by MMC.  Exploratory works such as 
trenching, test pitting, rock outcrop, float sampling and hand auger drilling were done in 2002 until 
January 17, 2003 after several drillholes were sunk in Brgy Macalaya in 2001.    
 
A more detailed discussion of the exploration activities within the Silangan- Kalayaan tenements are 
as follows: 
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8.1.1 Bagacay 

In 1998, Anglo  conducted an -80 mesh drainage geochemistry over Philex’ claim. 
Reconnaissance sampling resulted to several significant drainage geochemical anomalies with 
gold values of 231 – 960 ppb and 58-346 ppm copper in the Bagacay area. Follow up 
prospecting in 1999 located a float of cobble and boulders of quartz stockwork in streams of 
3 km2 area.  Representative float material around the area averaged to around 1.1 g/t Au. The 
float-derived veinlet contained high temperature, hypersaline fluid inclusion which further 
suggests that the source is from a porphyry copper gold system. In late 1999, Anglo American 
signed a definitive 40:60 JV with Philex with an option to move to 70:30 in their favor. Detailed 
stream sediment and boulder sampling were undertaken to trace the source of the 
mineralized rocks. Geological mapping were also completed which covered over 12 km² 
around the area which led to the idea that the porphyry copper must be concealed beneath a 
Quaternary cover. To further delineate possible targets, a geophysical survey was undertaken 
utilizing a dipole-dipole Induced Potential/Resistivity (IP/R) geophysical survey. In effect, a 
geophysical Percent Frequency Effect (PFE) anomaly covering about 3 km² was outlined and 
recommended for drilling in Bagacay area. In the second quarter of 2000, the initially high 
chargeability anomaly was tested with 5 diamond drilled holes (Table 10.1). The result turned 
out to be probably due to the carbonaceous clay horizons in the Quaternary cover with 
intercepted stockworked diorite porphyry cobbles and boulders. Reconstruction of the sub 
Quaternary paleosurface from drillhole data vectored the source of the debris to the paleo 
topographic high in the vicinity of Boyongan, approximately 4 kilometers south of Bagacay.  

No. HOLEID Location EAST NORTH RL DEPTH STARTDATE ENDDATE 

1 BSD01 Bagacay 778529.6 1065377 116.71 149 26-Mar-2000 3-Apr-2000 

2 BSD02 Bagacay 778141.9 1064868 189.43 152.3 8-Apr-2000 16-Apr-2000 

3 BSD03 Bagacay 777611.1 1064174 229.24 138 26-Apr-2000 2-May-2000 

4 BSD04 Bagacay 777533.4 1065202 234.38 199.9 7-May-2000 13-May-2000 

5 BSD05 Bagacay 779229.5 1065662 151.98 135.1 17-May-2000 23-May-2000 

6 BSD06 Bagacay 776696.8 1064681 149.428 251.7 16-Feb-2003 31-Mar-2003 

7 BSD07 Bagacay 777450.4 1065663 144.43 317.7 19-Feb-2003 21-Mar-2003 

8 BSD08 Bagacay 778643.1 1066560 132.832 76.2 8-Apr-2003 13-Apr-2003 

9 BSD09 Bayugo 776476.7 1064118 311.19 362.5 20-Apr-2003 18-May-2003 

10 BSD10 Bagacay 778602.2 1065947 130.187 102.5 20-Apr-2003 27-Apr-2003 

11 BSD11 Bagacay 779748.4 1066558 96.83 125.9 25-May-2003 2-Jun-2003 

Table 11. List of holes drilled around Bagacay area 

8.1.2 Boyongan  

In the 1998 geochemical survey, the drainages within the Boyongan area yielded third order ‐80 mesh 

stream sediment anomalies of 209 and 258 ppb Au. Follow up work on the drainage anomalies in May 

2000 located cobble to boulder sized drainage floats of diorite porphyry with stockwork veining. 

Significant assays from these boulders returned 2.49% Cu and 3.99 g/t Au, as well as, 2.18% Cu and 0.64 

g/t Au. A detailed stream sediment sampling coupled with mineralized boulder sampling covering an 

area of over 11 km² was undertaken to determine the source of the anomalous samples. Subsequent 

soil geochemistry in June 2000 covered 13 km of ridge and spur lines. The soil survey yielded significant 

Au‐Ag‐Pb‐Zn anomalies reflecting some peripheral epithermal copper‐gold mineralization within the 

Pliocene inliers known around the Surigao district. At the same time, a dipole‐dipole Induced 

Polarization and Magnetic geophysical survey was also undertaken in the Boyongan area. Hole number 
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TSD02 drilled on a peak chargeability anomaly indicates weak mineralization intersected over 200 

meters of mineralized andesitic pyroclastics.  This was interpreted to be peripheral to porphyry copper 

systems. Primary and secondary copper minerals were likewise observed. Assays of  93m of intercept 

yielded 0.57% Cu and 0.17 g/t Au from 245m to hole end.  Subsequent step out drilling was continued 

and in August 2000, hole TSD06, approximately 500 m west of TSD02, intersected a malachite and 

azurite-bearing, potassic altered diorite porphyry with 365 meters of 0.81% Cu and 1.90 g/t Au. An 

additional six more holes were completed within the year. The program continued on a semi regular 

100 x 100 m grid completing up to 72 holes with a total meterage of 38, 421 m.  These were used to 

estimate the inferred oxide and sulphide resource giving a resulting estimate of 219 million tonnes at 

0.51% Cu and 0.74 g/t Au  

8.1.3 Bayugo  

In early 2003, an aggressive drilling campaign aimed at locating additional porphyry copper and gold 

resources adjacent to Boyongan was planned and implemented. Drilling was done at a 1km interval 

triangular grid covering an area of around 40km2 including those at the periphery of Bagacay (Table 

10.1) and west of Boyongan. Reverse Circulation Drilling with Diamond finish was used to penetrate the 

cover and explore the underlying rocks. Trace element analysis and alteration features were studied 

within the first 50m of the bedrock. In 2003, the Bayugo orebody was discovered when a hypogene 

zone was intercepted in JSD15 including a 131m interval of 0.53% Cu and 0.48 g/t Au and TSD-29 which 

intersected 49m of around 1.18% Cu The program followed up strong geologic evidence for an 

additional “blind” porphyry located to 1.2-1.5km northwest of the Boyongan deposit. 

8.1.4 Kalayaan 

 Kalayaan was inititally drilled by MMC from January to July 2001, completing 11 holes within 
Brgy Makalaya with an aggregate meterage of 4,000m.  However, due to lack of encouraging 
results, the program was shifted to Brgy.  Anislagan.  Unfortunately, the planned drilling did 
not push through due to lack of social acceptability within the barangay.   

 In June 2007, after clearing legal impediments regarding the validity of the tenement, Anglo 
American, through a Farm-in Agreement with MMC, was able to drill another 11 holes with a 
total meterage of 8,227.8 within the Kalayaan tenement, but withdrew after drilling was 
stopped by local officials.  The results for the Anglo drilling campaign, however, proved to be 
encouraging leading to a renewal of the Exploration Permit for the tenement. 

 In May 11, 2011, Philex entered into another Farm-in Agreement with Manila Mining and was 
able to embark on a drilling program which started in December 2011 until August 2013.  
Philex was able to complete 124 combined scout and definition drillholes with an aggregate 
meterage of 73,520m.   

8.2 2000-2013 Boyongan, Bayugo and Kalayaan Drilling Program 

The Boyongan and Bayugo deposits, straddled  between tenements MPSA 149-99-XIII and EP-13 

XIII was explored initially under the the direction of Anglo. The exploration of the Boyongan 

deposit was undertaken from 2000 to 2003 and continued from late 2005 to 2008.  The Bayugo 

prospect, on the other hand, was initially drilled in 2003 and again in 2007 to 2008. Anglo 

relinquished its joint venture equity to Philex in February 2009 and turned over the data, samples 

and associated infrastructure to Philex, however, by this time, infill drilling of Boyongan was 
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already completed. Immediately after the transfer, Philex embarked on a two year exploration 

plan for Bayugo in order to define the boundaries of mineralization. The projected results of the 

program were to be used to supplement the data needed in order to advance the prospect into 

the pre-feasibility and feasibility stage. A total of 287 holes with a cumulative meterage of 

176,953.20 m were sunk from reconnaissance to infill drilling for the two deposits during the ten 

year exploration program (Table 8). The distribution of holes per tenement is shown in Table 9. A 

detailing of the activities during significant drilling periods are discussed below. 

Table 12. Completed drillholes by Anglo American and Philex from 2000 to June 30, 2010, Note: Deflected holes 
are counted individually. 

 

  Prospects No of Holes 
No of Holes in 
Tenement 

Year Boyongan Bayugo Total Bayugo Boyongan Total 
EP-13 
XIII 

MPSA 149-
99-XII 

2000 4,130 0        4,130  0 12 12 0 12 

2001 11,513 0      11,513  0 21 21 0 21 

2002 18,630 389      19,019  1 32 33 1 32 

2003 5,072 5,303      10,376  7 11 18 5 13 

2004 - -  -  - - - - - 

2005 1,180 0        1,180  0 2 2 0 2 

2006 13,670 0      13,670  0 23 23 0 23 

2007 11,985 3,773      15,757  7 19 26 5 21 

2008 3,780 13,511      17,291  23 4 27 16 11 

2009 0 45,611      45,611  66 0 66 58 8 

2010 0 38,406      38,406  59 0 59 43 16 

Total        176,953      287     
Table 13. Drilling summary in Bayugo and Boyongan 2000-2003.  (Numbers may not sum up due to rounding).  

  

Year Drill Holes No of Drill 
Holes 

Total Meters Purpose and Prospects Drilled by 

2000 TSD01-TSD12 12 4,130 Exploration Boyongan Anglo 

2001 TSD13-TSD34 21 11,513 Confirmatory Boyongan Anglo 

2002 TSD35-TSD64 33 19,019 Definition Boyongan Anglo 

2003 TSD65-TSD72 18 10,376 Definition Boyongan, 
Confirmatory holes in Bayugo 

Anglo 

2004 - - - -  

2005 TSD79-TSD80 2 1,180 Infill Boyongan Anglo 

2006 TSD81-TSD101 23 13,670 Infill Boyongan Anglo 

2007 TSD102-TSD122, 
JSD25-JSD28 

26 15,757 Infill Boyongan, Exploration 
Bayugo 

Anglo 

2008 TSD123-TSD130, 
JSD27-JSD38 

27 17,291 Infill Boyongan , Exploration 
Bayugo 

Anglo 

2009 JSD39-JSD87, 
TSD131-141 

66 45,611 Definition Bayugo Philex 

2010* JSD88-JSD126,  59 38,406 Infill Bayugo Philex 

Total TSD01-TSD156, 
JSD25-JSD126 

287 176,953 Exploration to Infill  
Boyongan, Bayugo  

Anglo, Philex 
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Drilling in Boyongan commenced in June 2000, and in August, the discovery hole, TSD06 
intersected 365 meters of 0.81% Cu+ 1.90 g/t Au of essentially oxide mineralization. Following the 
initial reconnaissance drilling from TSD 01 to TSD 34 (approximate) which roughly defined the 
mineralization, a drilling plan was implemented following a 100m x 100m grid interval with 
majority of holes directed to the north at an angle of 60 degrees. Sixty five (65) holes were drilled 
up to the end of 2002 with a total of 34,273 meters.  An additional eight drillholes were sunk in 
2003 farther from the centers of the Boyongan mineralization. 

A total of 24 holes were drilled with a total meterage of 9,410 meters within EP-000013-XIII 
resulting in the discovery of another potential Bayugo porphyry Copper and Gold prospect located 
to the northwest of the Boyongan deposit. The new discovery was intersected by drillhole JSD-15 
in June 2003 having 591 meters of 0.32% Cu+ 0.30 g/t Au. After completing the confirmatory holes, 
drilling was suspended due to unfavorable negotiations regarding access rights with the adjoining 
mineral claim owners and with the anti-mining Barangay Anislagan. It was further affected by the 
Supreme Court’s ruling in January 2004 citing that certain provisions in the Mining Act of 1995 
were unconstitutional. 

8.2.1 2004 to 3rd Quarter 2005: Suspension of drilling  

In 2004, no field exploration activities were conducted on MPSA-149 and EP-13 while a Motion 

for Reconsideration was filed on the Supreme Court’s ruling which declared the FTAA 

unconstitutional. During this time, SMMCI placed the Boyongan and the Bayugo Copper and 

Gold prospects under care and maintenance while waiting for a favorable decision from the 

Supreme Court on the constitutionality of the Mining Act. Also at that time, the company was 

also waiting for a positive outcome from the negotiations for access rights to the Bayugo area. 

Before the year ended, the court declared in favor of the constitutionality of the Mining Act, 

thus reestablishing the exploration rghts of the company.  Likewise, access to Bayugo area was 

also granted. 

8.2.2 2005-2008: Resumption of Boyongan-Bayugo Drilling 
 

Drilling activities were resumed on the 4th Quarter of 2005 during which two infill drillholes 

were sunk.in the Boyongan deposit in 50-m spaced fences. It continued in 2006 during which 

21 infill holes (TSD81-101) were drilled in both the East and West zones of the Boyongan 

Orebody.  The drilling was concentrated on MPSA-149-99-XIII with a total meterage of 

13,670m. Drilling was carried out with initially two CS-1000-PL6 drill rigs during the first half 

of the year, increasing to six rigs at the end of the year. 

 

The year 2007 signaled the start of the definition drilling in the Bayugo deposit while infill 

drilling continued in Boyongan. Definition drilling in Bayugo porphyry Copper and Gold deposit 

was started by AAEPI with hole TSD118 drilled in MPSA149-99 and TSD122 in EP013-XIII in 

April and May of 2007, respectively. Seven holes were completed in Bayugo prospect that 

year. Drilling in Boyongan was continued with 19 holes completed in the same year, resulting 

to a total of  26 holes for both prospects with a combined meterage of 15,757m. Five of the 

26 were drilled inside the EP013-XIII and the remaining 21 in MPSA 149-99.  

 

In 2008, 27 holes were completed in the area. The last four holes in Boyongan were 50m 

spaced infill holes which were designated TSD 123, 126, 129 and 130. These last holes brought 
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the AAEPI-Philex JV drilling campaign to a close. The remaining 23 holes, with a combined 

meterage of 13,882.5m, were drilled in the Bayugo deposit.  The location of the drillholes is 

shown in Figure 28. 

The 2007-2008 drilling campaign started with six CS-1000 rigs, one CS14 rig and one CS-3000 
rig which completed 26 rigs in 2007.  These were reduced to one CS-1000 rig (CS12), two CS-
1400 rigs (CS18/19) and one CS-3000 (CS-17) rig in 2008. 

  

 

Photo 4. Drilling in Bayugo and 
Boyongan was carried out by 
United Drilling Philippines 
following the industry standard. 
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Figure 28.Location of all drillholes in Bayugo (Silangan and Kalayaan) and Boyongan from 2000 to 2013 
straddling in EP-13-XIII, MPSA 149-99-XIII, EP-14B-XIII. 

8.2.3 2009-June 2010: Definition and Infill Drilling of Bayugo deposit 
After the completion of the infill drilling campaign in Boyongan and after acquiring sole 
ownership of SMMCI, Philex immediately embarked in a definition drilling campaign for the 
Bayugo deposit with the objective to define its extents. In the early phase of drilling, in-fill 
holes were laid out on a 100m x 100m grid.  Subsequently, drill holes were planned in a 100m 
X 50m grid to elevate the resource classification of the deposit. 
 
Drilling operations in Bayugo commenced on February 2009. By the end of the year, sixty-six 
holes were completed amounting to 45,611 meters drilled. Forty-seven holes reached the ore 
body, forty-six of which intercepted mineralized diorite. Four definition holes, JSD42 & JSD44, 
and JSD46 & JSD47 proved the extension of the Bayugo deposit to the southwest and 
northwest, respectively. Other definition holes, JSD79, JSD81 and JSD84 had confirmed the 
results of the four aforementioned holes. Previous exploration has delineated two separate 
Copper and Gold mineral deposits namely West Bayugo and East Bayugo. The whole of West 
Bayugo and part of East Bayugo are covered by EP-000013-XIII while the rest of the East 
Bayugo is within the MPSA-149-99-XIII.  
 
Drilling was assigned to two different contractors according to the tenements: Bradley Drilling 
Inc (BDI) for EP-000013-XIII and United Philippines Drilling (UPD) for the MPSA-149-99-XIII. 
Drillholes from the EP area were labeled JSD, while those from the MPSA were labeled TSD. 
One drillhole, TSD150 was drilled by PMC’s in-house rig. 
 
In 2010, drilling operation in the Bayugo prospect Silangan Mindanao Mining Company Inc. 
continued within the first semester. A total of fifty-six (56) holes were drilled marking the 

KALAYAAN 

SILANGAN 
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completion of the infill and definition drilling program in Bayugo and the commencement of 
the exploratory drilling on the periphery of the deposit. 
  
By the end of June, a total of forty-six (46) infill holes and eight (10) definition holes were 
completed in the Bayugo deposit. Forty-eight (48) of these holes successfully penetrated into 
the post-mineralization cover and intercepted the mineralized diorite.  

 

8.2.4 December 2011-August 2013 Definition and Scout Drilling of Kalayaan 
 

The Kalayaan Project covers 286.6342 hectares under EP-14B (MMC), within the vicinity of 
Barangay Macalaya and Barangay Anislagan, Municipality of Placer, Surigao Del Norte.   It is 
located in the northern portion of MPSA 149-XIII (SMMCI) wherein the extension of the 
Bayugo ore body is situated. The drilling campaign commenced in Kalayaan on December 
2011. 
 
Kalayaan Tenement, for exploration purposes, was divided into two sections: East Bayugo and 
West Bayugo which is separated by 778700m North-South line boundary.   The drilling 
program in Kalayaan is divided into two phases:  (1) the definition and infill holes for resource 
estimation and outlining the Bayugo ore body; (2) scout drilling which aims to explore the rest 
of tenement outside the ore body. 
 
Two-phase drilling campaign was implemented from 2011 - 2013 to delineate the measured 
and indicated resources of the Bayugo deposit's extension in the Kalayaan Property.    The first 
drilling phase involved resource definition/step-out and in-fill drilling with the objective of 
defining inferred resources at an initial target of 70,000 meters.    Definition drilling is outlined 
in 100 meter grid spacing.    The step-out holes were positioned to determine the extents of 
the ore body to the north, northwest and at depth.   In-fill drill holes were laid out in a 100 
meters by 50 meters grid spacing to elevate the deposit to measured and indicated resources. 

 
The second phase involved the preliminary drilling or the scout holes covering the rest of the 
tenement within Barangays Anislagan and Macalaya.    An estimated 10,000 meters from 
shallow holes approximately 450 meters each and spaced 300 x 300 meters apart was 
programmed.     The purpose of this second phase was to identify possible additional porphyry 
centres in the vicinity. 

 
The drilling campaign took twenty-one (21) months and covered most of the tenement. The 

initial target in drilling meterage was 80,000m was divided into definition and scout holes.   

East Bayugo portion of the project was initially programmed at 50,000m for definition drilling 

and 3,000m for scout drilling.   Since results were promising, additional 1,121.60m was drilled 

for definition and 2,158.70m for scout, totaling to eighty four (84) completed drill holes and 

ten (10) abandoned holes.   West Bayugo, on the other hand had a target of 20,000m for 

definition and 7,000m for scout drilling.   Only 14,239.90m in total composed of twenty two 

(22) definition holes with an aggregate meterage of 12,364.10m  and and eight (8) scout holes 

with a total meterage of 1,875.8m, were completed. (Table 14, summary of all drill holes) Due 

to uncontrolled land issues, the operation was stopped in August 2013 resulting in 73,520.20m 

of aggregate drill meterage (Table 14). 
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8.3 Drilling Methodology 

8.3.1 Boyongan-Bayugo 

The ten year exploration programs in Bayugo and Boyongan deposits were carried out by United 

Philippines Drilling from 2000-2008 and UPD together with, Bradley Drilling Inc.(BDI) from 2009 to 

2010. These two drilling contractors are world-class with good experience in diamond core drilling 

for mineral exploration. 

Both contractors used various rigs including CS1000, CS1400, CS3000, LF70 and LY44. At the height 

of the drilling campaign in 2009 and 2010, there were at most 16 rigs in the site. UPD utilized triple 

tube diamond coring while BDI used only double tube diamond coring excluding the split tube. 

UPD placed larger rigs in the 100m x 100m grid drilling having capabilities of drilling up to 300 

meters for the PQ TT (83.1mm nominal core diameter), to 600meters with HQ TT (61.1mm) and 

up to 1000 meteres with NQ TT (45.1mm) in reasonably competent formation. For BDI, the PQ TT 

rig could reach up to 200-250m, HQ TT up to 500m, and NQ TT up to 1200m. For both companies, 

drill runs range from 3m in competent ground to less than 1.5m in broken ground. Despite BDI 

using double tube drills, core recoveries from both companies in the bedrock averaged above 95%. 

As reported in 2003 by Anglo the core recoveries of drilling at Boyongan and Bayugo have been 

generally good with more than 80% of the samples, having core recoveries of > 95%. When the 

drilling was completed in 2008, the overall core recoveries for Boyongan and Bayugo were >90% 

for most of the drills hole. For Bayugo, core recovery averaged 95.8% from JSD39-JSD75 and 88% 

of the samples had recoveries above 95% (Chart 3). Holes that reported recoveries of <50% 

constituted only a small proportion (<1 %) of the total drill meterage. Core recoveries at Oxide 

zones were typically >90%.  

The previous drilling at Bayugo was accomplished with a high percentage of core recovery 

providing an optimum amount of samples for examination and assays. Improved positioning of 

drill holes is one of the significant concerns in the present exploration of Philex to increase the 

target intercepts. 

Table 14. Drill Hole Completion Summary in Kalayaan 

PROSPECT PURPOSE 
Target 

Meterage 

COMPLETED/DEFLEC
TED 

ABANDONED 

TOTAL 
METERAGE 

TOTAL 
DRILLHOLES Meterage 

(m) 
No. of 
Holes 

Meterage 
(m) 

No. of 
Holes 

East Bayugo 
Definition 50,000.00 52,058.60 70 2,063.00 10 54,121.60 80 

Scout 3,000.00 5,158.70 14 - - 5,158.70 14 

West Bayugo 
Definition 20,000.00 10,684.20 15 1,680 7 12,364.10 22 

Scout 7,000.00 1,505.20 6 370.60 2 1,875.80 8 

Total East-West Bayugo 80,000.00 69,406.70 105 4,113.50 19 73,520.20 124 
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Chart 3. Histogram of core recoveries from JSD 39 to JSD 75. 88% of the samples have recoveries above 
95%. 
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8.3.2 Kalayaan 
 

Drilling was handled by three (3) drilling services company, Quest Exploration Drilling (QED), 

MAJOR Drilling Group Inc. (formerly Bradley Drilling Incorporated (BDI)) and Drill Corporation 

of the Philippines (DCP).   The former two are into definition drilling while the latter is into 

scout drilling. 

 

QED and DrillCorp used Hydraulic Long Stroke drills; RF70, RV600, CS1000, CS1400 and 

CS3000, with their own crawlers for easy mobilization.   MAJOR, on the other hand, used the 

Customized Container type rigs such as VD-3000 and VD-5000.   All contractors used an 

impregnated diamond drill bit to cut a cylindrical core sample.   Water and additives pass 

through the waterways so that the core remains undisturbed while drilling is on-going.   Triple 

tube core barrels were used to ensure good quality of retrieved core sample.   The triple tube 

core barrel assembly consists of an outer tube and an inner tube assembly, which sequentially 

serves as casing of the split tube that holds the retrieved core.   Three different drill core sizes 

were used depending on the depth and difficulty in penetrating the underground; (1) PQ size 

with 83.00mm core diameter, (2) HQ with 61.10mm core diameter and NQ  with 45.00mm 

core diameter. 

 

MAJOR and QED started the drilling campaign in early December 2011.   Problems were 

encountered such as challenging access road and problematic ground condition which 

rendered slow drilling advances on the onset of the drilling campaign, however, as drilling 

progressed they were able to change their drilling methods resulting to less abandoned holes.   

Drill Corp Philippines (DrillCorp) was hired on July 2012 to focus on scout holes.  MAJOR 

managed a total of 46 drill holes from which are 40 completed and 6 abandoned giving an 

estimated success rate of 86.96%.    QED has a total of 58 drill holes with a 81.03% success 

rate from 47 completed and 11 abandoned holes, while DCP only accomplished 20 holes, 

which 18 are completed and 2 abandoned with a success rate of 90.00%. At the peak of the 

drilling campaign in mid-2012, a maximum of sixteen (16) drill rigs were deployed resulting to 

the highest achieved cumulative drilling meterage (Chart 4).   

 

 
  Chart 4. Contractors Monthly Rig Distribution Chart 
 

Actual Drilling Months

N

o

.

o

f

r

i

g

s

Monthly Drill Rig Chart



 

65 | P a g e  
 

 

Table 15. Contractor’s Drilling Stat's and Percent Performance 

Prospect 

BDI/MAJOR QED DRILLCORP 

Completed/ 
Deflected 

Abandoned 
Completed/  

Deflected 
Abandoned 

Completed/ 
Deflected 

Abandoned 

Total 
Meterage 

No. of 
Holes 

Total 
Meterage 

No. of 
Holes 

Total 
Meterage 

No. of 
Holes 

Total 
Meterage 

No. of 
Holes 

Total 
Meterage 

No. of 
Holes 

Total 
Meterage 

No. of 
Holes 

East 
Bayugo 

22,311.50 30 611.8 3 30,296.30 42 1,451.20 7 4,609.50 12 - - 

West 
Bayugo 

7180.4 10 451.8 3 3,503.80 5 1,228.10 4 1,505.20 6 370.6 2 

TOTAL 29,491.90 40 1,063.60 6 33,800.10 47 2,679.30 11 6,114.70 18 370.6 2 

% 
Completion 

32.26 4.84 37.9 8.87 14.52 1.61 

TOTAL 37.10% 46.77% 16.13% 

% Success 
rate 

86.96 81.03 90.00 

 
 

8.4 Downhole Survey 

8.4.1 Boyongan-Bayugo  

Downhole surveys from 2000-2008 were carried out by UPD and were taken at approximately 

every 100m down the hole. During 2007, two additional drill holes were established in the 

Boyongan deposit to collect information for slope stability studies. In the 2009-2010 surveys, 

the data was deemed unacceptable when it was observed that they were affected by the 

presence of magnetic minerals. Therefore, survey readings with magnetic fields below 3500 

and above 4200 were rejected. Prior to the survey, the survey tool was initialized and oriented 

relative to the magnetic north. It was not felt necessary to correct for magnetic declination as 

the magnetic declination of Boyongan area (in 2002) was about -0.18 degrees in WGS-84 

datum (GeMago v. 2.3).  

8.4.2 Kalayaan 

Downhole survey is performed every 100m for the overburden and 50m for the ore body by 
the drillers.    It is done using Reflex Single or Multi-Shot Survey instrument which is connected 
to the drill rod and measures six parameters in one single shot.    The parameters measured 
are azimuth, inclination, magnetic intensity, gravity roll angle, magnetic field strength and 
temperature. 

Results are displayed on the instrument’s interface immediately after reading from the drill 
hole. Survey data were written by the driller in a measurement form supplied by the 
contractor and reviewed by rig geologists.   Majority of holes have 270 degrees azimuth and   
-80 degrees inclination  
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The rig geologists check the survey report during on-site core logging to verify if there are 
values exceeding the acceptable variance in measurements.    For cases wherein the 
inclination is greater than 5 degrees, the contractor is requested to resurvey the hole.    For 
anomalously high or low magnetic field strength, possible sources of this anomaly are 
determined.   Erroneous readings are flagged as Priority 5.    Downhole survey slips are then 
submitted to the database team.  

8.5 Collar Survey 

8.5.1 Boyongan-Bayugo 
 

In September 2010, it was reported and verified by the Philex Exploration Group Geodetic 
Engineer, that the survey conducted by Trinav, a surveying company designated by Anglo to 
conduct collar surveys, had no significant difference in horizontal coordinates but had 68 
meters, on average, discrepancy in elevation (Ref: JJVU-2010-01). With this the elevation data 
on the holes previously drilled by Anglo were adjusted to reflect a 68 meter increase in 
elevation. The result coincided with surveys of Certeza Infosys Corporation who conducted 
the aerial photography over the project area.   

 

8.5.2 Kalayaan 
 

Drillhole locations derived from the plan map were identified on the surface by the Field 
Geologist using a handheld GPS.   The exploration group licensed geodetic engineer eventually 
verifies the collar surveys using Total Station (Brand: SOUTH), a high precision survey 
instrument.    Traverse stations and additional control stations were established to collect true 
and actual shots of drill hole collars.    Survey data collected are plotted using LISCAD.  The 
projection used for the collar coordinates is WGS84, datum is Luzon (Philippines) and vertical 
datum is mean sea level (per record on file Base Mapping and Control Points). 
 
Drill hole collar survey validation of the Kalayaan East Bayugo holes were conducted by 
comparing the actual collar total station readings against the existing topography from  
Certeza, 2004.    GEMCOM Gems and Microsoft Excel software were used to compare the 
absolute difference between two data sets.   These identified the Z value (Elevation) 
deviations.   Out of the 93 holes, 15 holes were flagged as questionable having absolute 
elevation difference of greater than or equal to 5 meters.  
 
As of September 2013 all holes were labelled and verified by the geodetic engineer and field 
support group. Survey certificates are available for all drill holes in Kalayaan. 

 

8.6 Core Data Management  

8.6.1 Sample Handling of Drill Cores and Core Logging (Boyongan- Bayugo) 

The diamond drilling of the Boyongan and Bayugo projects was undertaken by Anglo utilizing 

private drilling contractors with capabilities for 1000m lengths. The hole layouts and core 

handling were done by SMMCI. Core recovery and RQD determination were done and were 

undertaken and-in-hand with the drill runs or advances. Quick mineralogical logging was also 

done in the site after which the drillcores were placed in the plastic core trays and transported, 

securely sealed with a metal lid and plastic straps, from the drill rigs to the core farm in Surigao 
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City for core logging, sampling and preparation. SMMCI follows this rational practice albeit 

with better security measures to uphold the integrity core samples. 

 

Photo 5. Core handling in the field showing the transfer of the core from the split tube to the core 
trays. 

The required core sample sizes are PQ, HQ, and NQ, in the order of decreasing diameter and 
SMMCI preference. Reduction in core size at depth was constrained by the size and length of 
the drill stem in combination with the capacity of the drill rig’s engine. Changes in the nature 
of the ground usually demand early reduction of the hole’s size as it progresses downward to 
the target depth. 

The exploration office of SMMCI is located in Surigao City and incorporates the sample storage 
for the drill cores. The core sheds are adequate for the samples thus far collected. Particular 
care is observed when handling the drill cores. Drill core samples in racks are well shelved, 
housed and indexed. It is thus convenient to retrieve core samples for processing. Most of the 
core handling procedures is undertaken in the office premises in Surigao City. These include 
logging, cutting of core samples (by diamond saw), density determinations, etc. 

The drill cores were logged by recording all observed geological and geotechnical features on 
specially prepared log sheets. The updated core logging manual (Gonzales et al., 2008) details 
the core logging steps and methodologies practiced in the project. In 2007, the geotechnical 
logging procedures were reviewed by Manuell Schellman, a Geotechnical Engineer from Anglo 
American (Chile). The current logging scheme was considered appropriate, however, the 
addition of Intact Rock Strength (IRS) measurement was recommended and subsequently 
implemented. Advice and logging of oriented data from the two geotechnical drillholes was 
established in 2007. This gathered data was properly recorded and entered into the drilling 
database. 

The method used in computing core recovery is by actual measurement of core length. This is 
done by directly measuring the core that is recovered through a measured drill run (or 
advance); the recovered core is physically measured upon the opening of the inner split-tube 
or inner core barrel (following its discharge from the outer core barrel). 
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To ensure accurate core recovery and representation, SMMCI provides and assigns personnel 
(Core Checkers) to directly monitor the various drilling activities such as normal downhole 
coring or advance which was written on wooden core-blocks in the core tray.  Also monitored 
were core recovery determination, casing/reaming, equipment break-down and repairs, 
tripping of rods/casings, stand-by, etc. and the veracity of the drillers’ daily shift reports before 
they were submitted to the project-in-charge (Drilling Geologist).  

Close coordination was continuously observed among those concerned for the punctual and 
safe transport of the core-filled plastic trays/boxes from the active drill site(s) to the SMMCI 
Core Farm (near Surigao City) for normal cleaning, sorting, labelling, photography, 
geotechnical, geologic logging and core sampling/splitting. 

In April 2009, dispatch (transmittal) notes were provided for core sample delivery from the 
drill sites to the core farm/house, covering approximately 30km of road-distance transport. 
This was done to protect and uphold the integrity of the raw core samples during transport. 
Although the core checker and the drill contractor representative had a record of drilling 
details mainly for determining recovery, there was no earlier formal documentation that listed 
the particulars of the drill cores (laid in plastic trays) transported to the core house and 
submitted for record. This was deemed important since there was a vulnerability for core 
samples to be mislaid or mislabeled especially when the number of operating drill rigs were 
more than three (3). 

8.6.2 Sample Handling of Drill Cores and Core Logging (Kalayaan) 
 

Standard protocols were set up to ensure the safety and integrity of drillcores upon recovery. 
Trained core checkers are assigned to the rig to monitor various drilling activities and the 
inventory of supplies and consumables to countercheck the reports submitted by the drillers. 
Core checkers also measure and record the depth, recovery per drill run and compute the 
percent core recovery and report. Core recovery for the whole Kalayaan drilling campaign is 
93.58%. 
 
Core photographs are immediately taken by core checkers as soon as the cores are recovered 
in the barrel assembly. Geomechanical properties of the cores are then measured directly on 
split tube by trained geomechanical loggers to minimize errors brought by mechanical 
disturbances. The geomechanical loggers check and assess all fractures and joints in the core 
sample. RQD, IRS, joint sets and other geomechanical parameters are recorded on a standard 
logging sheet. Figure 29 shows the geomechanical logging form used in the Kalayaan Project. 
 
Cores are then transferred to plastic core trays and are ensured that they are properly marked 
with the hole id, depth from, depth to and the box number. Wooden or plastic core blocks are 
inserted between cores to indicate boundaries per drill run.  
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 Figure 29. Geomechanical Logging Sheet Template 
 

Rig geologists are tasked to check the daily shift reports done by core checkers and the 
geomechanical logs on site. Issues that may have arisen concerning the drilling activities are 
forwarded to the in-house drilling manager who is in close coordination with the drilling 
contractors and other personnel assigned on the site.  
 
Initial geological logging is done by the geologists, termed as semi-detailed logging, wherein 
features such as the lithology, alteration, mineralization and structures observed in the core 
are recorded. The geologists are trained and a standard corelogging procedure and other 
techniques are fully described in a core logging manual used for the project. Data collected 
are directly recorded in mineralogical logsheets in Microsoft ExcelTM format loaded in the 
Redfox WizpadTM Tablet. The direct encoding ensures fast transmittal of data and lessens 
errors that may occur during transcription from hand-written forms to electronic format. 
Sampling is done in 3-meter composites, which usually coincides with the logging intervals. 
Hence sampling intervals are already identified and marked on-site by the geologists. 
 
The semi-detailed logs are later subjected to validation steps such as peer review, core photo 
validation and cross-checking with the actual core. These are done at the Timamana Corefarm 
where the drillcores are eventually stored. A peer review by senior logging geologists was 
conducted to validate lithology, mineralization and oretype identification. Detailed logging of 
the cores is done simultaneously at the Timamana Corefarm to complete all data 
requirements in the logsheets.  
 

 Initial geological logging is done by the geologists, termed as semi-detailed logging, wherein 
features such as the lithology, alteration, mineralization and structures observed in the core 
are recorded. The geologists are trained and a standard core logging procedure and other 
techniques are fully described in a core logging manual used for the project. Data collected 
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are directly recorded in mineralogical logsheets in Microsoft ExcelTM format loaded in the 
Redfox WizpadTM Tablet. The direct encoding ensures fast transmittal of data and lessens 
errors that may occur during transcription from hand-written forms to electronic format. 
Sampling is done in 3-meter composites, which usually coincides with the logging intervals. 
Hence sampling intervals are already identified and marked on-site by the geologists. 
 
The semi-detailed logs are later subjected to validation steps such as peer review, core photo 
validation and cross-checking with the actual core. These are done at the Timamana Corefarm 
where the drillcores are eventually stored. A peer review by senior logging geologists was 
conducted to validate lithology, mineralization and oretype identification. Detailed logging of 
the cores is done simultaneously at the Timamana Corefarm to complete all data 
requirements in the logsheets.  
 
After geological logging, cores are transmitted to the Timamana Corefarm for further 
documentation. The core trays are covered with metal lids, lined with foam and secured with 
plastic straps, to protect the cores during transport. Carabao haulers are used to transmit the 
core boxes when the terrain is not accessible by Kubota or Morooka. Accompanying the core 
boxes are transmittal forms containing the number of boxes transmitted, hole id and 
meterage, signed by the dispatcher/core checker, hauler/driver and security guard who 
receives the cores, in order to properly track and provide accountability for the core boxes. 
The transmittal forms are forwarded to database crew for uploading into the database server.  
 

8.6.3 Core Photography (Boyongan-Bayugo) 

After RQD and Quick log were taken, the core trays were transferred to the SMMCI Camp in 

Surigao City.  In order to capture the freshest look of the cores, photographs are taken the 

soonest using a 5 megapixel point and shoot Canon PowerShots S2 IS Digital Camera. At the 

end of each day’s work, the photos were transferred to the database by the Anglo Data 

Custodian, Ms. Chona Agocoy. Wet and dry core photos are taken for each core. Two adjacent 

trays were photographed per hole. Core photos are named with a naming convention using 

HoleID_BoxNo D (Meterage m).Jpeg for dry and HoleID_BoxNo W (Meterage m).jpeg for wet 

photos. 

The same procedure was adapted after the turn over from Anglo.  The project used a Canon 

Ixus 12 megapixel camera to photograph the core trays.  These photos are uploaded everyday 

in the database initially using the same code as Anglo did but was eventually changed to 

HoleID_meterage_box number.jpeg for easy archiving. The photos are assigned to a distinct 

location in the SMMCI server for storage.  

8.6.4 Core Photography (Kalayaan)  
 

Core trays are delivered to Timamana corefarm and upon receipt, the corefarm technicians 

verifiy the actual cores with the accompanying transmittal forms. Core trays are sorted and 

cleaned in preparation for the core photography. A DSLR camera is mounted perpendicular to 

the core tray and the light source is controlled using flash bulbs to produce optimal quality of 

the photographs. Photographed with the core box is a board label containing the project 

name, hole id, date of photography, box number, depth and a color bar scale. Two sets of 
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digital photos (dry and wet) are taken for each of the core boxes. The photos are relabeled 

based on the hole id and inclusive intervals and uploaded to the database server daily.  

 

After photography, cores are sorted as to whether they are orebody intercepts for sampling 
or overburden intervals for storage. All core trays are labeled with barcode stickers used for 
inventory and tracking before storage.  
 

8.6.5 Specific Gravity 
 

Procedures implemented for the measurement of the specific gravity (SG) of the drill cores 

from the Boyongan-Byugo Project to Kalayann is based on the methods used by Anglo.  

Corefarm technicians were trained to perform SG measurements and do a QAQC review on 

the  cores. The review consists of a re-measurement by another technician of every 3rd sample 

previously measured.  

 

Three methods were employed in the project: (1) the caliper method, in which the diameter 

and length of a regularly-shaped sample is measured to determine its volume; (2) the water 

immersion method for “dry” samples, in which samples are wrapped in plastic and its weight 

in air and weight in water is measured; and (3) the water immersion method for “saturated” 

samples, in which the sample is allowed to be saturated in water then measured for weight in 

air and weight in water. Solid drill core samples with lengths of 10cm (PQ), 15cm (HQ), and 

20cm (NQ) are taken at every 20-m interval down each drill hole. 

 

All data are recorded in printed worksheet, and then later encoded into a digital file. Figure 

30 shows the printed worksheet used to record measurements for specific gravity. Embedded 

formulas in the digital worksheet calculate the height, average diameter and volume 

measured by the technician. These are used to determine specific gravity with the use of the 

following formulas: 

 
 

Eq. 1 𝑆𝐺𝐷𝑟𝑦 =
𝑊𝐼𝐴

(𝑊𝐼𝐴−𝑊𝐼𝑊𝑝𝑙𝑎𝑠𝑡𝑖𝑐)
 

Eq. 2 𝑆𝐺𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 =
𝑊𝐼𝐴

(𝑊𝑊−𝑊𝐼𝑊)
 

Eq. 3 𝑆𝐺𝐶𝑎𝑙𝑖𝑝𝑒𝑟 =
𝑊𝐼𝐴

𝜋×(
𝑎𝑣𝑒.𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟

2
)

2
×𝑎𝑣𝑒.ℎ𝑒𝑖𝑔ℎ𝑡

×
1

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
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Figure 30. Specific Gravity Measurement Data Collection Sheet 

9. Sample Preparation, Quality Assurance and Quality Control, QAQC 
 

9.1 Sample Preparation, Analyses and Security 

Sample preparation and assaying procedures of Bayugo core samples presented are from Philex. Some 
changes were made to the program after the commissioning of an in-house sample preparation facility 
in December 2011. Internal and external auditors have found them appropriate and that the quality 
control program is well above industry standards. 

9.2 Dispatch Method  

Prior to December 2011, sample processing was outsourced to Intertek Surigao and all products (pulps 
and coarse rejects) were returned to SMMCI for storage, QA-QC sample insertion, and final dispatch 
to the assay laboratory. After the completion of the in-house sample preparation facility, samples have 
been processed by SMMCI, and QA-QC insertions are anonymously inserted before the samples are 
dispatched to the assay laboratory. 
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9.3 Sample Preparation 

For Silangan project, sample processing from drill cores to pulps was undertaken at the Intertek 
Sample Preparation Facility in Surigao City, located near the Silangan Camp. An in-house sample 
preparation facility was commissioned in December 2011, and all samples since then have been 
processed at the SMMCI Sample Preparation Laboratory. The same procedures were employed at 
both facilities for continuity, shown in the flowchart below. 

Drill core samples are split vertically in half using a core saw. Once received, the samples are again 
weighed by the sample preparation personnel as a sample security measure to augment the sample 
labels. Samples are then unpacked from calico bags and are transferred in stainless steel trays to be 
oven dried at 110°C for 8 hours. 

The samples are then fed to a Jaw crusher for primary crushing, resulting in sample sizes of ~10-15mm. 
Particle size is further reduced to ~2mm by secondary crushing using the Boyd crusher. One in every 
ten samples is tested for correct particle size by sieve testing. Ninety percent of the samples should 
pass a 10-mesh sieve. Splitting is done using the rotary splitter. A 1 -1.5 kg split is taken to be 
pulverized. The remaining products of secondary crushing are called the coarse rejects. These are later 
on utilized as QA-QC samples, duplicate rejects. 

LM2 pulverizers are used to grind the crushed samples for 6-8 minutes. The correct particle size for 
the pulverized sample is checked by wet sieving.  One out of ten samples should be 95% passing a 200-
mesh sieve. Pulverized samples are then split in a riffle splitter to produce pulp aliquots of about 250g. 
These are packed in kraft envelopes and labeled using barcoded stickers. All samples produced by ITS 
Surigao were returned to SMMCI for dispatch or storage. 

All preparation data are recorded in a worksheet and uploaded to the database. 
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Chart 5. Flowchart of Philex Sample Preparation Procedures 
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 Chart 6. Sample Dispatch Flow (2009-2011) 
 
 
 

PHILEX-SMMCI SAMPLE DISPATCH FOR 
PREPARATION 

1.  Samples are packed for submission to the Assay 
Laboratory. The accompanying transmittal form is 
incorporated in the batch. 
2.  The request for preparation is compliant with 
Philex Protocol. 

 

Sample 

Preparation 

Samples Returned 

to Philex-SMMCI 

Dispatches for 
ANALYTICAL 

Determinations 

INTERTEK 
SAMPLE PREPARATION 

LABORATORY SURIGAO CITY 
 
1.  Sample batch is received from 
Philex-SMMCI and checked 
accordingly. 
2.  Samples are then prepared 
according to the Philex Protocol. 
3.  After completion of the 
preparation, all the samples is 
returned to Philex-SMMCI. 
4.  A report of sample preparation 
completion is returned to Philex-

SMMCI with the prepared samples. 

McPHAR 
Geoservices 

(Manila) 

INTERTEK 
MANILA 

PHILEX GOLD PHILIPPINES, INC. 
PREPARATION OF DISPATCH FOR ANALYSIS 

 
1.  Prepared samples are received back from 
Intertek. All replicate pulps produced are received 
(stored in Kraft bags and carton boxes). 
2.  Excess pulps and coarse rejects are also on 
hand’ and then properly identified (DDH Nos.) 
before storage. 
3.  The batch of samples completed is prepared for 
dispatch to McPhar Geoservices (Manila). 
4.  Control Standards are properly inserted in the 
batch for analysis according to the number of 
samples dispatched (as discussed). 
5.  Sample numbering is anonymous to the 
laboratory so they are all treated as “blind” 
samples. 
6.  Duplicate pulps are submitted in another batch 
so inter-batch errors could be detected. 
7.  Inter-laboratory check dispatches to Intertek-

Manila are undertaken once a month.  



 

76 | P a g e  
 

9.4 Analytical Methods 

Previously, the primary assay laboratory employed by Philex was McPhar Geoservices in Manila for 

the analysis of gold, copper and other base metals. They have since been acquired by Intertek Manila, 

which became the primary assay laboratory for Kalayaan Project in 2012 onwards. 

The analytical methods employed for Boyongan and Bayugo have been maintained. Analysis for low 

grade gold is a 50 gram charge fire assay with AAS finish, coded as PM6 (McPhar) and PHX-01 (Intertek 

Manila). Total copper and other base metals are analyzed with an ore grade three-acid digest then 

determined with AAS, coded as AA1 (McPhar) and PHX-02 (Intertek Manila). 

Interlaboratory checks used to be done in Intertek Manila using the method codes FA50 (gold) and 

GA30 (copper), but since the two assay laboratories’ physical merger, Philex has submitted samples 

to SGS Jakarta for checking. Gold assays are done using the method code FAA515, and copper assays 

are done using the method codes DIG22C/AAS22C. 

Acid soluble copper test runs were carried out in McPhar to replicate ACME Santiago Laboratory’s 

(Chile) cold extractable copper method. The test results will validate the dissolution time needed to 

dissolve the soluble copper in the samples. Selected samples representative of the different ore types 

of Boyongan and Bayugo were included in the test runs. 

QA-QC samples are anonymously inserted in the dispatches of routine samples submitted to the assay 

laboratory. This consists of Certified Reference Material (CRM’s) (7%), blank samples (3%), coarse 

duplicates (5%) and interlab checks (10%). Field duplicates/quarter core were initially inserted in the 

first few dispatches and then eventually replaced by pulp duplicates (8%). In total, about 1/3 of all 

samples submitted are for QA-QC. 

Table 16. Number of samples submitted for analysis 

Laboratory Analysis 
Drill core 
Sample 
(1/2  core) 

CRM’s 
Field 
Duplicates 
(1/4 core) 

Pulp 
Duplicates 

Coarse 
Duplicates 

Interlab 
Checks 

Met 
Samples 
(Bulk) 

McPhar 
Total Cu 
and Au 

1389 112 115 20 82   

Intertek 
Manila 

Total Cu 
and Au 

14651 1066 640 1154 873 
117 (until 
2011) 

 

SGS Jakarta 
Total Cu 
and Au 

 55  56 44 812  

Philex 
Padcal 

Metallurgy       300 kgs 

KDE Arizona Metallurgy       600 kgs 

Total   1389 112 115 20 82 117 900 kgs 
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9.5 Quality Assurance/Quality Control of Sample Preparation and Analysis  

The QA-QC procedures implemented for Boyongan-Bayugo consist of standard and controlled sample 
insertions, quality checks on sample preparation, and a database management system. The 
laboratories engaged also have their own QA-QC system which mostly includes the same elements as 
those employed by SMMCI. The QA-QC system consists of the following components: 

9.5.1 Certified Reference Material (CRM) 

Seven matrix-matched CRM’s were specifically prepared by Ore Research Laboratories for 

Anglo covering the grade ranges for both copper and gold of Boyongan and Bayugo deposits. 

Three of these CRM’s were used to represent the oxide and sulfide zones of the Bayugo 

deposit. The samples were collected from coarse rejects of old Bayugo drill hole samples, 

processed into pulps, and then vacuum-packed. 

CRM’s are inserted anonymously at a frequency of 1:15 in each dispatch to check the main 

laboratory’s accuracy of analysis. The performance of the primary assay laboratory’s copper 

and gold analyses on the CRM’s is shown in Charts 7 and 8 below as absolute percent 

difference (APD) from the expected value of the CRM. Both the oxide and sulfide type CRM 

results are plotted in one graph for each element and are arranged based on the sequence of 

analyses. Three-point moving averages are plotted as red and blue lines for the oxide and 

sulfide CRM’s, respectively. 

 

Chart 7. Graph Showing results of assayed Copper CRM’s 

Copper values both for oxide and sulfide CRM’s are generally within ±5% APD. A slight positive 
bias is observed in middle to late 2010, and in early 2012 for oxides, both of which were 
eventually corrected after consultation with the assay laboratory. 
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Chart 8. Graph Showing results of assayed Gold CRM’s 

Gold values for oxide CRM’s are mostly within ±5-10% APD, with a few outliers. The initial 
negative bias in the gold values reported for sulfide CRM’s have been corrected.  

For both graphs, the most scattered points are observed during physical merger of Intertek 
and McPhar in mid-2010. Philex also prescribed their own analysis methods which led to an 
improvement in their accuracy. 

9.5.1.1 Blank Samples 

Blank samples are processed from half-cores of the un-mineralized Quaternary 
Maniayao Andesite. These are inserted to check contamination in every batch 
analysis. Before sampling, the cores are physically inspected to ensure that there are 
no oxides, not even limonite, present in the samples. The cores are then split into half, 
crushed and pulverized in the same manner as that of the regular samples. Pulverized 
samples are then homogenized using the Sepor Blender.  Sample aliquots of 200-250g 
each are then packed in kraft envelopes. Every tenth sample is tested for a 95% 
passing of the -200 mesh sieve. 

Two blank samples are included in every batch of 100 samples. Copper values are 
below 100ppm, and gold values are below or close to detections limits. No 
contamination is detected on any copper or gold analysis based on the assays of blank 
samples. 
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Chart 9. Graph Showing results of assayed  Blank Samples 
 

9.5.1.2 Field Duplicates 

Field duplicates are quarter cores used to check sample homogeneity and the 
representativity of the sampling methods at the core cutting stage. The first eight 
batches of the Bayugo drilling program included field duplicate insertions at a 
frequency of 1:10. For Kalayaan, field duplicates were collected at a frequency of 1:20 
and submitted separately with their own set of QA-QC insertions. 

Heterogeinity is expected, depending on the element type, because the samples are 
taken from different portions of the core. Assay results of the original sample (half 
split core) are compared with the field duplicates using MPRD plots shown below. 
Ninety percent of the samples should reasonably report <30% MPRD for Cu and <40% 
for Au.  

 

  Chart 10. Graphs showing results for Field Duplicate Analysis for Copper (above) and Gold (below) 
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There is a good correlation between the parent core (1/2 split) and the field duplicate 
(R2= 0.872) but only 83.9% of the samples are within the 30% MPRD band for copper. 
No bias is apparent between the two data sets. 

For gold, 89.7% of the results fall within 40% MPRD. A good correlation (R2= 0.854) 
between the two data sets is demonstrated. 

 

 

Chart 11. Mean Percent Difference of Copper and Gold Field Duplicate Assays. 
 
Results for Kalayaan field duplicates are also generally acceptable. Copper assays are 

well-correlated (R2=0.96), and 96.3% of samples are within 30%MPRD. No significant 

bias is detected. Gold assays also show good correlation (R2=0.92), and 94.1% of 

samples are within 30%MPRD. No significant bias was observed.  

Hence, overall sampling is good for both copper and gold and there is no bias in the 

core cutting and sample collection. Outliers can be equated to heterogeneity of 

mineralization in the core itself. 

9.5.1.3 Pulp Duplicates 

One of the four pulp aliquots of a sample is sent to the same laboratory as a pulp 
duplicate to check the reproducibility of assays. This is done at a frequency of 1:12. 

Pulp aliquot B of one out of twelve routine samples is inserted as pulp duplicates to 
check the repeatability of the results produced by the assay laboratory. It replaced the 
field duplicates (quarter core) since the ninth dispatch of SMMCI. The plots below 
show the mean percent relative differences between assay values of pulp aliquot A 
and B pairs for copper and gold. 
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Chart 12. Graphs showing results for Pulp Duplicate Analysis for Copper and Gold  

Copper values for pulp duplicates are mostly within ±10-15% MPRD. Outliers are few 
and can be attributed to analytical errors by the laboratory or mislabeling of the 
sample IDs.  

Gold values are generally within ±20%MPRD with a slight negative bias. A few outliers 
are noted. Measurements tend to be less precise for those in the lower grades but 
improves towards the higher grades. 

9.5.1.4 Coarse Duplicates 

Coarse duplicates are products of the secondary crushing stage which are left after 
the 1-1.5 kg split for routine sample is taken. The left over crushed products are 
pulverized and a split is taken as duplicate rejects submitted blind to the laboratory. 
This type of duplicate is submitted to check the representativity of the sample 
preparation procedures. 

Results of the duplicate rejects are presented as MPRD between the original sample 
and the rejects plotted against the mean grade. 

 

Chart 13. Graphs showing results for Coarse Duplicate Analysis for Copper and Gold 

The original sample and duplicate rejects show a strong correlation for copper (R2 = 
0.99) and 94% of values are well within ±10% MPRD. There is no significant bias 
observable in the graph. Gold values also show good correlation (R2=0.97) and about 
93% of values are within ±20% MPRD. 
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9.5.2 Inter-laboratory Check Assays 

An aliquot of one in every ten samples is sent to another well-reputed assay laboratory to 
check the primary laboratory’s performance. The analytical methods used are similar for best 
comparison. 

Previously, Intertek Manila was used to check the results of McPhar until the latter was 
acquired by the former, and the two assay laboratories were physically merged. Now samples 
are sent to SGS Jakarta for interlaboratory check assays. 

 

Chart 14. Graphs showing results for Inter-Lab Analysis for Copper  and Gold 

The maximum tolerance limits of ±30% for gold, and ±20% for copper, were used based on 
the clustering of MPRD values in each scatter graph. Of the 810 primary samples submitted, 
approximately 75 samples had an MPRD >±30% for gold and/or copper. From these outliers, 
at least 3 samples were swapped and 47 for further investigation/ discussion, and 40 near or 
below either laboratory’s detection limits. Overall, about 94% (or 720 out of 810) of interlab 
check samples are within acceptable limits. No significant bias was observed for gold or copper 
assays. 

It should also be noted that though both used fire assay with AAS finish for gold, SGS has a 
lower detection limit than Intertek. For copper, the inverse is true. Both use three-acid ore 
grade digest and AAS finish, but Intertek reports Cu values up to 10ppm, whereas SGS reports 
Cu values only up to 0.1% (100ppm).   

9.5.3 Repeat Assays 

Intertek McPhar itself performs repeat analysis at a frequency of 1:10 to check assay 
reproducibility. Values outside the range and anomalous results are also re-assayed to check 
the values to be reported. 

9.5.4 Laboratory Internal Standards 

The laboratory also inserts CRM’s, internal standards in their analyses as part of their QA-QC 
system. 
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9.5.5 Round Robin 

Intertek McPhar participates in the semi-annual Geostats Round Robin of Laboratories 
proficiency testing in order to assess the quality of their analyses in relation to other reputable 
laboratories in the world. There are currently over one hundred governments, commercial, 
and mine site laboratories participating in the proficiency tests.      

9.5.6 Calibration of Equipment 

Calibration of equipment in McPhar is done once a year. 

9.5.7 Laboratory Information Management System (LIMS) 

Kalayaan Project and Intertek McPhar employ laboratory information management systems 
(LIMS). These automate the storage of data and minimize human errors through data 
encoding, manual writing of sample IDs, among others. 

9.5.8 Internal Audits 

Regular internal audits of the Timamana core farm and SMMCI sample prep operations are 

conducted by consultant Mr. Santos de los Santos to ensure that protocols are being followed, 

and to continuously improve production of the facilities. 

9.5.9 External Audits 
 

External audits of the sample handling and in-house processing of Kalayaan Project/SMMCI 

and the assay laboratory were conducted in September 2012 by Dr. Obial and February 2013 

by AMEC. Both report that the QAQC protocols applied by the company are at a good industry 

standard. Regular monitoring of copper and gold assay results is being done and acceptable 

levels of accuracy and precision have been established. 

 

Intertek McPhar was audited on October 2012 by Dr. Rudy Obial at the request of Philex.  

10. Resource Estimation 

10.1 Summary 
 
Philex Mining Corporation has conducted an internal resource estimation on the Silangan Project 
which consists of two porphyry type Cu-Au deposits. This includes work done on Kalayaan Project with 
all considerations within the Bayugo deposited applied to Kalayaan given the continuity of the Bayugo 
Deposit over the Kalayaan Tenement.  Bounding solids were used to delineate the estimation results 
for Bayugo-Silangan and Bayugo-Kalayaan. 
 
Work on the Silangan Project began in early 2003 and continues to the present. The data used for this 
study was collected before May 2015.   The Silangan Project was initially disclosed in 2011 with 
updates based on additional data done in 2013 and 2014.  The most current updates to the estimation 
runs were based on the assumption of block underground cave mining operations.  The current 
estimation done for the Boyongan Project was based on an updated domains completed by 
consultants, Right Solutions Australia Pty Ltd (RSA).  For the Bayugo Project, no additional data was 
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incorporated since 2013 so that the methods and domains utilized in estimates done in 2014 are still 
valid.  Resource tonnes and respective grades for the Silangan Project are reported based on the 
breakeven cut-off grade of 0.5%CuEq.  An equivalence factor of 0.686 was used in computing for the 
copper equivalent with metal prices at US$1,342/ troy ounce for Au and US$3.2/lb for Cu.  Recoveries 
considered based on metallurgical studies were 95.3% for Au and 85% for Cu.  The summarized 
formula for computing is shown below: 
 
CuEq= Cu grade+0.686*Au grade (Eq. 4)  

 
The total measured and indicated resource for the Silangan Project is within the mineable pit is 11.4M 
ounces gold and 7.1 billion pounds copper.   
 
Table 17. Total Silangan  MRE at 0.5%CuEq 

Total Silangan  MRE at 0.5%CuEq       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 438 0.67 0.55 
       

9.39  
    

5,275.6  

Indicated 133 0.47 0.64 
       

2.01  
    

1,883.5  

Total Measured + 

Indicated 
571 0.62 0.57 11.4    7,159.1  

Inferred 224 0.40 0.81 
       

2.86  
    

3,983.2  

Total   795 0.47 0.44 12.0    7,757.7  

 

10.1.1  Domains 

Additional drilling done on the Boyongan Project necessitated a review of the geology to be 
able to define the characteristics of the observed high grade gold zone within the project area.  
A total of eight (8) domains were modelled for the Boyongan Project.  Philex utilized the high 
grade shells (Gold and Copper) generated by consultants RSA, as there was a general 
agreement that the higher grades, especially for Au, should be domained out in order to 
correctly estimate them. The domain representing the highest grades (>3gpt Au) is identified 
geologically by a general increase in veining and silicification.  Philex, however, used lithology 
to segregate the grades outside of the high grade zones to reflect the control of lithology over 
the mineralization within the area.   

The estimation domains used for the Bayugo estimation were either based on the lithological 
wireframes or the intersection between the lithological and oretype solids.   Sixteen domains 
were used in total with eleven lithologic domains and three domains by orezone. The domains 
are as such: Basalt, Bird’s eye Porphyry, Fine to Medium grain diorite, Fine grain diorite, Inter-
mineralization, Late Mineralization, Skarn, Debris Flow Breccia, Enriched breccia, Oxidized 
breccia, Primary breccia, Enriched and Oxidized Medium Grain Diorite, Primary Medium Grain 
Diorite, Enriched Early Mineralization, Oxidized Early Mineralization, Primary Early 
Mineralization. 

10.1.2 Data Used 

A total of 435 validated drill holes are used in this study, representing a total of 227,617.70m 
drilled.  Core samples represent from 2m to 3m of material with a total of 162,940m assayed 
for gold and 162,982m assayed for copper.  Specific gravity was computed every 20m using 
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the dry water immersion test.  There was some concern over bias as selection of samples 
tended towards the more competent material.  Validation testwork was done by choosing 
more oxidized core which were then coated with wax prior to immersion.   QA/QC checks were 
conducted regularly and sampling error was found to be within acceptable standards. 

10.1.3 Summarized Statistics 

In Silangan the coefficient of variation is already low to begin with when compared with other 
copper and gold deposits. Additional data manipulation such as domaining and compositing 
further reduces this value for the deposit. These methods work particularly well in the 
enriched mineralization suggesting that the distribution is substantially different from the rest 
of the deposit. 

The location map of data points is visually analyzed and it has been decided that declustering 
is not necessary due to the relatively even spaced drilling pattern followed. Looking at the 
histograms within each domain, a skewed distribution is observed and it was decided that 
normalization of the data would be done in order to aid variography. The histograms also 
suggest the lack of significant outliers, thus eliminating the need for a top cut. 

10.1.4 Variography 

Experimental variograms are made for both metals on all domains. Four directions are created 
along the XY plane every 45 degrees and in one direction perpendicular to this plane. The sill 
is modeled using the down the hole variograms. Up to two additional spherical structures 
make up the variogram. Anisotropies are observed in all variograms however, no global 
anisotropy has been identified in the entire deposit. The resulting model variograms validate 
the difference in not only statistical distribution but also the spatial distribution within each 
different domain. 

10.1.5 Kriging 

Kriging is done on a 20x20x20 block model for Bayugo and on a 20x20x5 block model for 
Boyongan. Each domain is treated independently and kriged in a separate grid file. Two to 
three kriging passes are done on each domain. The first two passes have relatively stricter 
kriging parameters to ensure the quality of estimation. The first pass considers blocks that 
have sufficient data close enough to the block. The second pass considers blocks that have 
data within the range of the variogram from at least two non-adjacent quadrants around the 
block. The third pass is done to make sure all blocks within the limits have been estimated, 
regardless of their location. A top cut is assigned to blocks estimated using the third pass to 
avoid giving high grades to poorly estimated extrapolated blocks. 

10.1.6 Resource Classification 

The slope of the regression line is the basis for classifying the resource. Under this method, 
quite a number of blocks are classified as measured, confirming the dense drilling pattern 
used. Wireframes are then created to group together measured, indicated and inferred blocks 
to improve the continuity of the classifications.  Wireframe creation was also guided by 
drillhole spacing.  Areas with at most 50m spacing were grouped under measured, 100m 
spacing under indicated and those with greater than 100m were placed under inferred.  
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10.1.7 Further Works 

We suggest the use of simulation to assess potential grade smoothing risks. This is not as big 
an issue under a bulk mining method as the grades would be further averaged the less 
selective the mining method. 

10.2 Objective 
 
The objective of this report is to outline the process used to arrive at the resource estimate for the 
Silangan Project. Tonnage, grade and classification are the three block characteristics that need to be 
estimated to make a resource model. Ordinary kriging is performed for every domain to compute for 
block grades. Tonnage is then computed per block based on the specific gravity of the block and the 
volume of the block based on the block dimensions. Finally, classification is determined based on the 
slope of the regression line with modifications done on the classification wireframe based on the 
drillhole spacing. 

10.3 Domains 
 
The factors which may have affected mineralization within the project area, such as lithology, ore 
zones  and  alteration were wireframed based in cross sections and studied.  Wireframes depicting 
grade shells were also created.    The most current studies of Boyongan identified the need to domain 
out the high grade copper and gold zone within project area.  It was recognized that the zone of 
elevated gold grades (>3gpt Au) are characterized by a general increase in the silicification and veining 
of the underlying lithologies so that subsequently, wireframes for these area were created.  Outside 
of the high grade areas, lithology was taken to be the controlling factor for mineralization.   
 
For the Bayugo area, since it was observed that assay grades were further affected by the different 
mineralization events, the initial lithological domains were further subdivided into oxide, enriched and 
hypogene zones when needed.  A total of 11 domains were used to constrain homogeneity within this 
deposit. 

10.3.1 Homogeneous Domains 

The definition of a homogeneous domain is that only one type of material exists within that 
domain and therefore only one distribution has to be considered. Most estimation methods 
are intended to be used on a homogeneous domain because we can assume that all data 
points belong to only one distribution and follow a certain predictability within that 
distribution. Multiple distributions require the computation of additional values such as 
correlation and data segregation, creating additional complexity and providing room for error. 
In practice, a perfectly homogeneous domain cannot exist in reality; however, the more 
similar the material is inside a domain, the better the estimation methods used in this resource 
estimation will work. 

10.3.2 Method of Creating Domains  

The high grade domains for Boyongan were created by delineating the boundaries as 
interpreted in cross, long and level sections.  Paper sections showing silicification, veining and 
assay grades along the drillhole traces were used in interpretation and the completed 
boundaries were digitized and imported into Datamine    The lithological wireframes, on the 
other hand,  were created using Leapfrog Mining.  Prior to importing the lithological database, 
the logged rocktypes were grouped based on their parent lithology (e.g. HBR1, HBR2, HBR3 
under HBreccia).  These parent lithogies, were in turn were grouped as Composite Regions 
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within the program and extracted as volume points.  The initial boundary surfaces were 
modelled using the default parameters which were then modified using polylines.  The 
modifying polylines and the volume points were then merged (Merge Object command) and 
the final boundary surfaces were modelled using the parameters shown in Table 18 below.  
To ensure that the solids were properly clipped, domains were created by intersecting 
interpolants, giving a negative value (≤) to interpolants representing younger lithologies and 
positive values (≥) to interpolants representing older lithologies.  The Host lithology was 
created purely by domaining, intersecting the negative values of the interpolants of all the 
other lithologies.  All solids were clipped to the current paleosurface. 

 
Table 18. Interpolant Modelling Parameters for Boyongan Lithologies in Leapfrog 

Lithology Grade Value 
Lower Bound 

Grade Value 
Upper Bound 

Variogram 
Direction 

Variogram 
Ellipsoid Ratio 

Resolution 

Initial -1 1 90:0:90 2:1:1 47 

Breccia -1 1 90:0:90 1.5:1:1 46 

Early -1 1 90:0:90 2:1:1 20 

InterMin -1 1 90:0:90 2:1:1 10 

LateMin -1 1 90:180:90 2.5:1.5:1 10 

 
For Bayugo, the geological wireframes were interpreted cross sections at 50 m corridor. The 
cross sections were digitized and fence diagrams were created for import in GEMS. 
Preliminary solids were created from the fence diagrams and are balanced out in level plans 
at 20 m intervals for all the porphyry phases.  The different porphyry phases were individually 
modeled and the different lithologies comprising the breccia complex were also modeled as 
a single composite solid.  This was likewise done for the rocks belonging to the basement 
Bacuag formation, with all the rocks belonging to this formation lumped into one solid model.    
 
The ore zone wireframes, on the other hand, were created using Leapfrog Mining using the 
same methodology outlined above for Boyongan except booleaning was used instead of 
domaining to arrive at the final solids.  The sulphide wireframe, on the other hand, was 
created purely through polylines.  The sulphide boundaries were created at 50m from the 
lateral extent of the last drillholes with logged sulphides.  Those at the periphery of the project 
areas with grades of lower than 0.25% Cu were excluded from the solid.  The interpolation 
parameters used for the generation of the boundary surfaces are listed below: 

 
Table 19. Interpolant Modelling Parameters for Ore Zones in Leapfrog 
 

Ore Zone 
Grade Value 
Lower Bound 

Grade Value 
Upper Bound 

Variogram 
Direction 

Variogram 
Ellipsoid Ratio Resolution 

Oxide -1 1 0:0:0 2:2:1 15 

Enriched -1 1 0:0:180 2:1.5:1 10 
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10.3.3 Boyongan Domains and Boundary Conditions 
The final domains for the copper and gold estimation are listed and shown below.  Domains 
based on lithology are similar for both metals, while the domains delineating the high grade 
zones have different geometries. 

 
High Grade Zones 
1) Western High Au Grade Zone 

 
 

2) Eastern High Au Grade Zone 

 
 

3) High Copper Grade Zone 
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Lithological Domains 
 

1) Early Mineralization 

 
 

2) Inter Mineralization 

 
 

3) Late Mineralization 
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4) Breccia 

 
 

5) Intial 

 
 

6) Host 

 
 
Hard boundaries were used in all the gold domains except for the Western High Grade Au 
Zone.  Unlike the Eastern High Grade Zone where the extents of the high grade areas were 
verified by horizontal holes , the confidence in the extent of the domains in the western high 
grade zone are not as good.  This fact merited the use soft boundaries within the western high 
grade so as not to strictly constrain the interpolation of high grade blocks.    
 
The domains used for copper estimation are basically the same except for the high grade 
copper zone.  This high grade zone is a grade shell based on the geometry of the high gold 
zone.  Given the mobility of copper, during supergene enrichment, the high grade samples 
(>1%Cu) were spread out over a wider area compared to gold, and this was reflected in the 
completed domain.  For the interpolation of copper grades, hard boundaries were used for all 
the domains.   
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10.3.4 Bayugo Domains and Boundary Conditions 
 

The domains used for the estimation of both copper and gold the Bayugo project are based 
on the lithological solids and the mineralization zone which are listed and shown below.  

 
1) Basalt 

 
 

2) Bird’s Eye Porphyry 

 
 

3) Medium Grained Diorite 
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4) Fine-Medium Grained Diorite 

 
 
 

5) Fine Grained Diorite 

 
 

6) DIO2 (Early Mineralization) 

 
 

7) DIO3 (Inter Mineralization) 
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8) DIO4 (Late Mineralization) 

 
 

9) Breccia 

 
 

10) Skarn 

 
 

11) Oxide 
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12) Enriched 

 
 

13) Primary 

 
 

The final domains used in Bayugo (        Table 20) further segregate domains 
which have multiple distributions. Small lithologic units such as skarn and LateMin are treated as a 
single domain and no longer sub divided. Larger lithologic units such as Breccia are subdivided into 
oxide, enriched and primary. Other domains with similar distribution to their neighbors were 
combined such as FSD.  The lithologic and ore zone solids were used to capture the points for 
estimation.  Algorithms created in Isatis were used to capture points in crossed domains, thus no 
physical wireframe depicting the crossed domains were used. 
 
        Table 20. Final Estimation Domains for Bayugo 

Domains used as is Domains merged 
Domains crossed 
with ore zones 

Basalt 
FSD into Early 
Min Primary 

BX Oxide 

Bird’s Eye Porphyry 

 
  BX Enriched 

Fine-Medium Grained 
Diorite 

 
  BX Primary 

Fine Grained Diorite 

 
  

MGD Enriched + 
Oxide 

DIO3 
(Intermineralization 
Diorite) 

  MGD Primary 

DIO4 (Late Mineralization) 

 
  Early Min Oxide 

Skarn   Early Min Enriched 
   Early Min Primary 
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10.4 Drill Data Analysis 
 
A total of 435 validated drill holes have been used to conduct this study, a list if which is included in 
Appendix 1. Of the 435 drill holes imported, 29 holes were outside of the block model area, thus were 
not used as data points in the estimation.  For Boyongan 159 drillholes were included, 222 were in the 
Bayugo area and 25 holes were within the exotic zone.   Core samples taken represent up to around 
3m of material. There are approximately 55,000 data points with values for copper and gold grade. 

10.4.1 Data Files  
 

Several csv [comma separated variable] files have been imported. These files contain the drill 
data to be used for estimation and the data for creating domains. The files used are shown in 
the table below along with data imported from the file. 

 

File Name Data Imported 

20150516_SIL-KAL_DHCollar_438 Hole ID, Easting, Northing, RL, Azimuth, Dip 

20150516_SIL-KAL_DHSurvey Hole ID, distance, Azimuth, Dip 

20150516_SIL-KAL_AssayBestResults-Major 
Elements 

Hole ID, from, to, Au_ppm_BEST, Cu_pct_BEST_D 

20150523_SIL-KAL_Geological_Logs_valid Hole ID, from, to, GEORockType1 

 
A different set of csv files were used in generating solids within Leapfrog.  The original data 
within the Leapfrog Mining project was exported for record purpose and are in the following 
csv files:  

 

File Name Data Imported 

collar_PHI002_ed_oretype_20150730 BHID, XCOLLAR, YCOLLAR, ZCOLLAR, DEPTH, COVER, 
YEAR 

survey_PHI002_ed_oretype_20150730 BHID, AT, BRG, DIP 

assay_PHI002_ed_oretype_20150730 BHID, FROM, TO, CU, AU, AS 

lithology_PHI002_ed_oretype_20150804 BHID, FROM, TO, LITH, LITHG1, LITHG2 

SRK_SIL_Oxide_20150805 BHID, FROM, TO, OREZONE 

append_collar Additional Collar data 

append_survey, append_survey2 Additional Survey data 

10.4.2 Initial Data Statistics and Analysis 
 

Gold and copper grades are the focus of all analyses in this section of the report.  Samples 
were taken from drill cores at an average of 2-3m lengths.   Basic statistical analysis was done 
for raw sample data flagged per domain.  The simple statistics of the raw data is shown below 
for reference.  
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Table 21.  Raw data statistics of Cu in Domains 

 
 

Table 22.  Raw data statistics of Au in Domains 

 

10.4.3 Sample Spacing 
 

Sample spacing varies depending on the domain. Since there is preferential drilling in high 
grade areas, sample spacing in the high grade domains, the early diorite and breccia lithologies 
within the proximity of the high grade stocks are on average 30-50m apart.   In the lithologies 
hosting relatively lower grade samples, spacing is upwards of 50m in distance.   

10.4.4 Compositing 
 

Since the estimation method does not use a weighting system based on the length of samples. 
It is possible that bias is created when extreme grades represent a relatively small amount of 
material compared to the other samples. In an attempt to negate the effect of this bias, data 
points are composited to a uniform length. Compositing also reduces human errors in assaying 
samples.  

 
For Boyongan, raw data has been composited to 3m lengths with composites constrained 
within domains.  All composites under a minimum 1.2m (40% sample length percentage) were 
not considered.  Below are the statistics of composites as compared to the raw data. 

 
  

EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 1446 780 57 8431 7534 7534

Minimum value 0.0220 0.0030 0.1700 0.0017 0.0005 0.0005

Maximum value 4.5633 2.1100 1.3000 5.9253 5.6823 5.6823

Mean 0.4481 0.0773 0.5573 0.3950 0.2678 0.267842

Median 0.3037 0.0420 0.4840 0.3490 0.1940 0.194

Variance 0.2843 0.0143 0.0806 0.0693 0.0883 0.088346

Standard Deviation 0.5332 0.1197 0.2839 0.2633 0.2972 0.29723

Coefficient of variation 1.1901 1.5479 0.5095 0.6665 1.1097 1.109722

0.0036

HIGHCU

1929

7.9100

1.4463

1.1800

0.9521

0.9757

0.6746

HIGHAU 

(WEST)

HIGHAU 

(EAST)

EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 346 970 1248 780 63 9131 7566 2729

Minimum value 0.2600 0.1400 0.0200 0.0070 0.0230 0.0025 0.0025 0.0025

Maximum value 12.7000 109.0000 13.0000 3.0400 4.2400 13.9000 23.1000 17.3600

Mean 3.0345 4.2277 0.7176 0.1754 0.3461 0.4518 0.3201 0.2584

Median 2.7600 3.1350 0.3500 0.0965 0.1940 0.2790 0.1850 0.0900

Variance 3.5566 24.1421 0.8853 0.0606 0.3692 0.3234 0.3089 0.3420

Standard Deviation 1.8859 4.9135 0.9409 0.2462 0.6076 0.5687 0.5558 0.5848

Coefficient of variation 0.6215 1.1622 1.3111 1.4038 1.7555 1.2589 1.7361 2.2630
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Table 23. Comparison of Composited and Uncomposited Statistics by Domain for Copper (Boyongan) 

 

 
 
 
  

HIGHCU EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 1929 1446 780 57 8431 7534 2683

Minimum value 0.004 0.022 0.003 0.170 0.002 0.001 0.001

Maximum value 7.910 4.563 2.110 1.300 5.925 5.682 7.855

Mean 1.45 0.45 0.08 0.56 0.40 0.27 0.26

Median 1.18 0.30 0.04 0.48 0.35 0.19 0.17

Variance 0.95 0.28 0.01 0.08 0.07 0.09 0.11

Standard Deviation 0.98 0.53 0.12 0.28 0.26 0.30 0.33

Coefficient of variation 0.67 1.19 1.55 0.51 0.67 1.11 1.25

Uncomposited Stats by Domain

% Cu

EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 1401 793 51 8335 7391 2621

Minimum value 0.029 0.003 0.171 0.002 0.001 0.001

Maximum value 3.175 1.480 1.299 5.719 5.130 7.702

Mean 0.39 0.08 0.57 0.40 0.27 0.26

Median 0.31 0.04 0.49 0.36 0.20 0.18

Variance 0.11 0.01 0.07 0.06 0.08 0.09

Standard Deviation 0.33 0.10 0.27 0.24 0.28 0.31

Coefficient of variation 0.85 1.34 0.47 0.62 1.06 1.16

3m Composite Stats by Domain

% Cu
HIGHCU

1980

0.004

7.910

1.48

1.20

0.93

0.96

0.65
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Table 24. Comparison of Composited and Uncomposited Statistics by Domain for Gold (Boyongan) 

 
 
For copper, there is a general decrease in the number of samples after compositing while for 
gold, for most of the domains there is an increase in sample count.  Any change, however, is 
below 5%.  Increases in data count is most likely a function of the subdivision of samples longer 
than the composite used.  The average grades for the composites versus the uncomposited is 
not appreciably changed as illustrated in the charts below.  More importantly, the coefficient 
of variation all consistently decreased after compositing.  The results mentioned above are to 
be expected of proper compositing because man-made errors are reduced when data is 
composited. 

 
  

HIGHAU 

(WEST)

HIGHAU 

(EAST)

EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 346 970 1248 780 63 9131 7566 2729

Minimum value 0.260 0.140 0.020 0.007 0.023 0.003 0.003 0.003

Maximum value 12.700 109.000 13.000 3.040 4.240 13.900 23.100 17.360

Mean 3.03 4.23 0.72 0.18 0.35 0.45 0.32 0.26

Median 2.76 3.14 0.35 0.10 0.19 0.28 0.19 0.09

Variance 3.56 24.14 0.89 0.06 0.37 0.32 0.31 0.34

Standard Deviation 1.89 4.91 0.94 0.25 0.61 0.57 0.56 0.58

Coefficient of variation 0.62 1.16 1.31 1.40 1.76 1.26 1.74 2.26

Uncomposited Stats by Domain

Au

HIGHAU 

(WEST)

HIGHAU 

(EAST)

EARLY INTERMIN LATEMIN BX INITIAL HOST

Number of samples 350 992 1283 805 63 9188 7442 2668

Minimum value 0.261 0.140 0.020 0.010 0.023 0.003 0.003 0.003

Maximum value 12.669 43.616 12.984 2.236 2.956 12.681 22.855 16.986

Mean 3.01 4.10 0.74 0.17 0.35 0.45 0.32 0.26

Median 2.75 3.11 0.36 0.10 0.18 0.29 0.20 0.10

Variance 3.31 13.06 0.92 0.05 0.27 0.29 0.28 0.29

Standard Deviation 1.82 3.61 0.96 0.22 0.52 0.54 0.53 0.54

Coefficient of variation 0.60 0.88 1.29 1.27 1.48 1.19 1.63 2.09

3m Composite Stats by Domain

Au
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Figure 31. Cu Comparison for Boyongan 

 
 
 

  Figure 32. Au Comparison for Boyongan 

 
 

For the Bayugo estimation, compositing was done at 5m lengths and all composites under 2m 
were discarded. The composite length chosen was deemed to be appropriate for the 
underground mining method considered for this deposit.  The composited statistics compared 
to the raw data are shown below for the Bayugo deposit. 
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Table 25. Comparison of Composited and Uncomposited Statistics by Domain for Copper (Bayugo) 

 

 
 

  

BAS BEP FMD FGD INTERMIN LATEMIN SKARN DBF BX OX BX ENR BX PRI MGD ENROX MGD PRI EARLY MIN OX EARLY MIN ENR EARLY MIN PRI

Number of samples 1474 1167 0 430 1628 701 342 68 367 622 4286 1643 9812 1170 3087 6866

Minimum value 0.00 0.00 0.00 0.04 0.01 0.00 0.00 0.02 0.10 0.02 0.01 0.00 0.00 0.01 0.02 0.01

Maximum value 2.66 0.98 0.00 0.96 0.98 8.65 1.27 1.86 3.64 3.34 3.06 3.88 2.51 3.54 7.60 4.21

Mean 0.10 0.18 0.00 0.18 0.18 0.72 0.13 0.47 0.62 0.57 0.23 0.45 0.19 0.49 0.89 0.36

Median 0.07 0.16 NA 0.16 0.13 0.46 0.06 0.31 0.42 0.38 0.18 0.33 0.16 0.30 0.70 0.31

Standard Deviation 0.13 0.12 0.00 0.12 0.15 0.80 0.17 0.48 0.52 0.50 0.18 0.43 0.15 0.48 0.75 0.24

Variance 0.02 0.01 0.00 0.01 0.02 0.64 0.03 0.24 0.28 0.25 0.03 0.19 0.02 0.23 0.57 0.06

Coefficient of variation 1.27 0.68 0.00 0.64 0.81 1.11 1.37 1.03 0.84 0.88 0.81 0.97 0.81 0.99 0.85 0.67

Uncomposite Stats by Domain

% Cu

BAS BEP FMD FGD INTERMIN LATEMIN SKARN DBF BX OX BX ENR BX PRI MGD ENROX MGD PRI EARLY MIN OX EARLY MIN ENR EARLY MIN PRI

Number of samples 688 557 0 194 750 329 176 30 198 310 1999 860 4710 617 1499 3251

Minimum value 0.00 0.01 0.00 0.05 0.01 0.00 0.00 0.02 0.14 0.03 0.01 0.01 0.00 0.01 0.02 0.04

Maximum value 1.80 0.69 0.00 0.65 0.94 6.53 1.00 1.14 2.21 2.42 2.23 2.74 1.87 3.12 7.29 3.88

Mean 0.11 0.18 0.00 0.18 0.18 0.71 0.12 0.34 0.60 0.56 0.23 0.45 0.19 0.47 0.88 0.37

Median 0.08 0.16 NA 0.16 0.13 0.50 0.07 0.28 0.40 0.40 0.19 0.35 0.17 0.29 0.71 0.33

Standard Deviation 0.12 0.11 0.00 0.10 0.14 0.73 0.15 0.28 0.49 0.45 0.17 0.39 0.14 0.43 0.68 0.22

Variance 0.01 0.01 0.00 0.01 0.02 0.53 0.02 0.08 0.24 0.21 0.03 0.15 0.02 0.19 0.46 0.05

Coefficient of variation 1.11 0.61 0.00 0.55 0.77 1.02 1.16 0.83 0.81 0.81 0.76 0.87 0.73 0.93 0.77 0.61

5m Composite Stats by Domain

% Cu



 

101 | P a g e  
 

Table 26. Comparison of Composited and Uncomposited Statistics by Domain for Gold (Bayugo)    

 

 
 

  Figure 33. Cu Comparison for Bayugo 

 
 
 
 
 
 
 
 
 
 
 
 

BAS BEP FMD FGD INTERMIN LATEMIN SKARN DBF BX OX BX ENR BX PRI MGD ENROX MGD PRI EARLY MIN OX EARLY MIN ENR EARLY MIN PRI

Number of samples 1474 1167 0 430 1628 701 342 68 367 622 4286 1643 9812 1170 3087 6866

Minimum value 0.00 0.01 0.00 0.03 0.02 0.01 0.00 0.02 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.01

Maximum value 9.20 3.18 0.00 1.53 2.18 3.42 4.53 2.06 2.65 5.52 2.31 9.62 6.69 6.44 17.80 4.51

Mean 0.13 0.21 0.00 0.21 0.32 0.51 0.19 0.30 0.44 0.33 0.23 0.19 0.17 0.90 0.79 0.47

Median 0.08 0.16 NA 0.18 0.24 0.30 0.11 0.20 0.32 0.22 0.16 0.09 0.13 0.63 0.59 0.39

Standard Deviation 0.36 0.23 0.00 0.15 0.28 0.55 0.36 0.33 0.40 0.40 0.21 0.37 0.17 0.87 0.75 0.31

Variance 0.13 0.05 0.00 0.02 0.08 0.30 0.13 0.11 0.16 0.16 0.05 0.14 0.03 0.75 0.56 0.10

Coefficient of variation 2.69 1.07 0.00 0.71 0.87 1.07 1.90 1.07 0.91 1.23 0.94 1.99 1.01 0.97 0.95 0.66

Uncomposited Stats by Domain

g/t Au

BAS BEP FMD FGD INTERMIN LATEMIN SKARN DBF BX OX BX ENR BX PRI MGD ENROX MGD PRI EARLY MIN OX EARLY MIN ENR EARLY MIN PRI

Number of samples 688 557 0 194 750 329 179 30 198 310 1999 860 4694 617 1499 3251

Minimum value 0.00 0.02 0.00 0.05 0.02 0.01 0.02 0.02 0.03 0.02 0.01 0.01 0.00 0.03 0.01 0.02

Maximum value 4.39 2.88 0.00 0.67 1.74 3.23 2.95 2.16 2.26 3.37 2.11 6.48 2.70 5.39 7.26 3.98

Mean 0.13 0.21 0.00 0.21 0.32 0.53 0.19 0.31 0.45 0.33 0.23 0.19 0.17 0.89 0.78 0.47

Median 0.08 0.17 NA 0.19 0.25 0.35 0.11 0.20 0.32 0.23 0.17 0.09 0.13 0.64 0.61 0.40

Standard Deviation 0.26 0.21 0.00 0.11 0.26 0.53 0.31 0.41 0.39 0.35 0.20 0.33 0.15 0.82 0.63 0.29

Variance 0.07 0.04 0.00 0.01 0.07 0.28 0.10 0.17 0.15 0.12 0.04 0.11 0.02 0.68 0.40 0.08

Coefficient of variation 2.00 0.98 0.00 0.53 0.82 1.00 1.69 1.35 0.86 1.06 0.88 1.76 0.88 0.92 0.81 0.61

g/t Au

5m Composite Stats by Domain
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  Figure 34. Au Comparison for Bayugo 

 
Compositing done for samples within the Bayugo deposit shows a general decrease in both 
the sample count and the coefficient of variation.  The decrease in the sample count is a 
function of using a composite size which larger than the average sampling size of the intervals. 
The charts comparing the average grade of the composited vs the raw samples show that 
there is no appreciable difference in the average grade of the populations.   

10.4.5 Histograms and Grade Outliers 
Special care is taken when deciding whether high grade values are part of the distribution or 
outliers in the each data set. Histograms are looked at to identify potential outliers and to plan 
how to deal with these specific points.  Spatial analysis of the high grade data points is also 
done to make sure the presumed outlier is significantly different from data points adjacent to 
it. The analysis of these outliers will greatly affect how they are handled during the estimation 
process.  

 
Figure 35. Histogram for Gold Grade by Domain for Boyongan 
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The histograms for gold in the Boyongan deposit are mostly positively skewed with prominent 
outliers for the high grade zones.  The Eastern High Grade zone for example has a sample at 
>100gpt.  The domains representing the lower grades show outliers as well for the Late, Early 

and InterMin domains.     
 
Figure 36. Histogram for Gold Grade by Domain for Boyongan 
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The histograms for copper are likewise mostly positively skewed with prominent outliers for 
the high grade zones and Early Mineralization domains.   Based on these histograms, it was 
decided that topcuts would be used in the interpolation of gold but not with copper.  A topcut 
of 22gpt was used in the interpolation of high grade gold, 6gpt for the domains representing 
the mineralized intrusives and 3gpt for the pre-mineralization gold domains. 
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Figure 37. Histogram for Gold Grade by Domain for Bayugo 
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Figure 38. Histograms for Copper Grade by Domain for Bayugo 
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10.4.6  Data Normalization 
Similar to most mathematical formula, kriging and variography work best with normalized 
data. Because of the exponential nature of geologic data and the linear computation of the 2 
mentioned processes, there is potential bias in the resulting estimation towards isolated 
high grade points. In variography, the simple solution to this bias is the normalization of 
data. For actual kriging, multiple passes will have to be done to make sure isolated high 
grade points do not influence further than the geologic interpretation 
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Gaussian anamorphosis is done as a way of managing skewed grade distributions of data 
points in each domain. Given that the grade distributions are skewed to the left, with the 
variogram's linear computation, it does not give as much importance to changes near zero 
and thus overvalues the changes in grade far to the right of zero. Assuming that this is true, 
normalizing the data allows the original variogram to work more efficiently in determining 
the correlation of two points given their distance. Normalization transforms the data to the 
normal curve. It does not however change the order of data with respect to increasing 
grades. 

 

                 
 

As seen above in the image of the histogram for Cu grades inside the domain enriched oxide, 
half of the data points falls into the first four bars. Arguably, the data in these first three bars 
are just as important as the other half of the data set in determining the variogram. 
However since the variogram works with absolute grade differences, lesser weight is placed 
on these points as the difference between the lowest grade to the mean is only 0.8 whereas 
the difference between the mean to the highest grade is more than 4.0. Transformation 
attempts to remedy  this condition by spreading out the lower half of the distribution which 
allows the variogram to give more weight to numbers closer to zero.  Gaussian transform 
was done on the Bayugo dataset but not for Boyongan. 

 

10.5 Variography 
 
Variography is performed independently on the Gaussian transformed data in each domain for each 
metal. All instances of the word variogram(s), unless otherwise stated, refer to the semivariogram(s) 

10.5.1 Variogram Creation Methodology 
Data is flagged into respective domains depending on which wireframe encases them. Or in the case 
of data that belongs to the primary and mixed host domain, they are flagged based on a lack of any 
domain encasing the data point. Variogram maps are then constructed on the XY plane to help 
determine the dominant direction of continuity.   
 

Early Min 
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Experimental variograms are created with the first parallel to the major direction and one every 45 
degrees for a total of four on the XY plane. These experimental variograms have 10 lags in each 
direction with a 50m lag distance. A 25m lag tolerance is allowed when considering two points for 
variogram calculations. A 22.5 degree angular tolerance is allowed when checking if two points are 
along the same direction. A slicing height of 100m is allowed for points with a different Z value. 
A fifth experimental variogram is created perpendicular to the XY plane. This variogram is referred to 
as the down the hole variogram as it is calculated along the drill lines. The variogram has 100 lags 
with a 5m distance per lag. A 2.5 lag tolerance is allowed when considering two points for variogram 
computations. A 90 degree angular tolerance is allowed when checking if two points are along the 
correct direction. 
 
Model variograms are then created based on the experimental variograms. These variograms 
contain one nugget structure and two spherical structures. Anisotropies are expected in these 
models, thus, three directions are created based on the five experimental variograms. These model 
variograms are then back transformed to represent the untransformed composited data in the 
respective domains. 
  



 

111 | P a g e  
 

10.5.2 Summary of Au Variograms 
 
Table 27.  Variogram Parameters for Boyongan Au Domains 

 
 
 
Table 28.  Variogram Parameters for Bayugo Au Domains 

  

AU

High Au 

West

High Au 

East BX Early Inter Min Late Min Ini tia l  Host

Major Direction 11 11 135 160 10 123 80 25

Intermediate Direction 101 101 225 250 100 213 170 115

Minor Direction 90 90 90 90 90 90 90 90

Nugget 1.17 1.17 0.1 0.11 0.004 0.1 0.04 0.02

Si l l  1 9 9 0.2 0.8 0.04 0.2 0.3 0.28

Range Major 1 32 32 108 86 99 39 84 123

Range Intermediate 1 32 32 95 86 54 19 33 123

Range Minor 1 32 32 108 86 99 13 84 100

Si l l  2 0 0 0.001 0.033 0.001 - 0 0.001

Range Major 2 77 77 449 231 236 - 273 299

Range Intermediate 2 77 77 396 231 130 - 106 299

Range Minor 2 77 77 449 231 236 - 273 244

AU BAS BEP FMD FGD 
Inter 
Min 

Late 
Min Skarn DBF 

Major Direction N45 N0 N0 N0 N0 N0 N0 N90 

Intermediate Direction N135 N90 N90 N90 N90 N90 N90 N0 

Minor Direction D90 D90 D90 D90 D90 D90 D90 D90 

                  

Nugget 0.04126 0.021 0.1 0.16 0.011 0.58 0.027 0.23 

                  

Sill 1 0.035 0.008 0.195 0.107 0.019 0.4 0.063 0.55 

Range Major 1 300 220 40 65 160 50 20 60 

Range Intermediate 1 490 160 75 50 150 70 20 60 

Range Minor 1 230 230 85 35 125 40 20 60 

                  

Sill 2 0.05 0.0113 0.15 0.248 0.034 0.35 0.11 0.1 

Range Major 2 670 780 160 230 485 240 120 100 

Range Intermediate 2 420 320 295 300 295 300 120 100 

Range Minor 2 480 370 210 440 390 190 120 100 
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AU 
BX 
Enriched 

BX 
Oxide 

BX 
Primary 

MGD 
Oxide + 
Enriched 

MGD 
Primary 

Early 
Min 
Enriched 

Early 
Min 
Oxide 

Early 
Min 
Primary 

Major Direction N0 N0 N0 N0 N45 N90 N45 N0 

Intermediate Direction N90 N90 N90 N90 N135 N0 N135 N90 

Minor Direction D90 D90 D90 D90 D90 D90 D90 D90 

                  

Nugget 0.19 0.42 0.048 0.019 0.012 0.05 0.85 0.038 

                  

Sill 1 0.12 0.55 0.072 0.031 0.01 0.2 2.45 0.048 

Range Major 1 40 40 130 75 220 75 340 75 

Range Intermediate 1 75 45 170 45 130 75 150 85 

Range Minor 1 110 110 200 50 190 90 80 120 

                  

Sill 2 0.11 0.6 0.048 0.059 0.018 0.15 1.4 0.046 

Range Major 2 170 175 350 240 580 310 170 570 

Range Intermediate 2 300 245 720 115 200 310 530 245 

Range Minor 2 345 530 350 610 970 140 170 250 
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10.5.3 Summary of Cu Variograms 
 
 

Table 29.  Variogram Parameters for Boyongan Cu Domains 

 
 
Table 30.  Variogram Parameters for Bayugo Cu Domains 

CU BAS BEP FMD FGD Inter Min Late Min Skarn DBF 

Major Direction N45 N0 N22.5 N45 N22.5 N45 N0 N0 

Intermediate Direction N135 N90 N112.5 N135 N112.5 N135 N90 N90 

Minor Direction D90 D90 D90 D90 D90 D90 D90 D90 

                  

Nugget 0.013 0.0036 0.014 0.014 0.00225 0.124 0.01 0.008 

                  

Sill 1 0.015 0.002 0.014 0.028 0.0045 0.168 0.014 0.015 

Range Major 1 115 100 80 50 85 130 70 190 

Range Intermediate 1 45 90 115 375 55 75 80 320 

Range Minor 1 185 140 75 335 60 50 10 40 

                  

Sill 2 0.033 0.0052 0.034 0.015 0.012 0.23 0.05 0.035 

Range Major 2 375 340 315 110 520 275 145 120 

Range Intermediate 2 140 240 390 570 310 150 205 200 

Range Minor 2 655 490 235 510 290 195 205 100 

 

  

Cu High Cu BX Early Inter Min Late Min Ini tia l  Host

Major Direction 22 6 15 12 11.5 11 33

Intermediate Direction 112 96 105 102 102 101 123

Minor Direction 90 90 90 90 90 90 90

Nugget 0.34 0.02 0.02 0.0008 0.011 0.025 0.0034

Si l l  1 0.56 0.04 0.09 0.0095 0.06 0.058 0.09

Range Major 1 40 150 40 95 26 52 124

Range Intermediate 1 40 150 40 68 22 52 124

Range Minor 1 40 150 40 95 26 52 124

Si l l  2 0.0113 0.0002 0.11 0.00056 0.001 0.0007 0.0004

Range Major 2 310 282 140 286 70 298 299

Range Intermediate 2 310 282 140 205 58 298 299

Range Minor 2 310 282 140 286 70 298 299
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CU 
BX 
Enriched BX Oxide 

BX 
Primary 

MGD 
Oxide + 
Enriched 

MGD 
Primary 

Early 
Min 
Enriched 

Early Min 
Oxide 

Early 
Min 
Primary 

Major Direction N0 N45 N0 N22.5 N45 N0 N0 N90 

Intermediate Direction N90 N135 N90 N112.5 N135 N90 N90 N0 

Minor Direction D90 D90 D90 D90 D90 D90 D90 D90 

                  

Nugget 0.067 0.052 0.016 0.024 0.005 0.1 0.068 0.016 

                  

Sill 1 0.118 0.09 0.009 0.11 0.006 0.21 0.15 0.016 

Range Major 1 90 75 140 105 80 75 65 70 

Range Intermediate 1 125 75 110 120 130 75 85 70 

Range Minor 1 60 100 90 75 60 90 50 105 

                  

Sill 2 0.055 0.115 0.0255 0.05 0.0113 0.15 0.024 0.02 

Range Major 2 260 655 240 270 390 240 170 530 

Range Intermediate 2 650 300 580 195 210 240 280 530 

Range Minor 2 300 450 500 115 490 40 290 235 

 

 

10.5.4 Boyongan Au Variograms per Domain 
 

10.5.4.1 High Au  

                    
There is a relatively good fit between the experimental and modelled variogram especially in the shorter 
ranges.  Primary direction of continuity is at 11o azimuth. 
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10.5.4.2 Breccia Au 

                
The modelled variograms closely follow the experimental variograms especially at the shorter 
ranges.  Primary direction of continuity is at 135o azimuth.   

10.5.4.3 Early Mineralization Au 

               
The high covariance reflected in the short ranges of the experimental variograms are not reflected in 
the modelled version.  This domains, however, contains closely spaced data points which would 
allow estimates to be made with good accuracy. 
 
 
  



 

116 | P a g e  
 

 

10.5.4.4 Intermediate Mineralization Au  

                
The experimental variogram values does not coincide well with the modelled variogram geometry.  
Given the paucity of data points in this domain, stricter krigging restrictions will be implemented. 
 

10.5.4.5 Late Mineralization Au 

                
Since the Late Mineralization is a very small domain, there is a very small number of data points, as 
reflected in the experimental variograms.  Given the very small number of blocks associated with 
this domain, it is expected that using strict kriging parameters will allow the small number of points 
to be adequate for the informed blocks. 
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10.5.4.6 Initial Au 

                 
There is a good correlation between the experimental and modelled variogram especially within the 
shorter ranges.  Primary direction of continuity is at 80o azimuth.  
 

10.5.4.7  Host Au   

                
The fit between the experimental and the modelled variograms is not that good especially at longer 
ranges.  While this is not ideal, this domain is mostly composed of background values thus can 
tolerate a wider variance in estimates.  Stricter range parameters for kriging will be imposed, 
especially since this domain covers a large area.    
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10.5.5 Boyongan Cu Variograms per Domain 
 

10.5.5.1 High Cu  

                
The modelled variogram has a relatively good fit with the experimental one for this domain, 
especially in the lower ranges.  Primary direction of continuity is at 22o azimuth. 
 

10.5.5.2 Breccia Cu   

                
The modelled variogram has a relatively good fit with the experimental one for this domain, 
especially in the lower ranges.  Primary direction of continuity is at 11o azimuth. 
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10.5.5.3 Early Cu 

                
The experimental variograms show high covariance in the major and minor axis, which is not 
reflected in the modelled variogram.  This domain, however, contains closely spaced datapoints 
which would allow estimates to be made with good accuracy. 
 

10.5.5.4 Intermineralization Cu 

                
The modelled variogram correlates well with the experimental variogram especially in the short 
ranges.  This domain does not have a dense set of data points so that stricter krigging parameters 
will be implemented. 
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10.5.5.5 Late Mineralization Cu 

                
This domain contains a very small number of data points, as reflected in the experimental 
variograms, thus resulting in a poor fit with the modelled variograms.  Given the very small number 
of blocks associated with this domain, it is expected that using strict kriging parameters will allow 
the points to adequately inform the corresponding blocks. 
 
 

10.5.5.6 Initial Cu 

                
For the most part, the modelled variograms show good correlation with the experimental 
variograms.  Primary direction of continuity is 11o azimuth. 
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10.5.5.7 Host Cu 

                
The modelled variograms show a relatively good fit with the experimental variograms except in the 
minor axis which exhibits high covariance.  Pincipal direction of continuity is at 33o azimuth. 
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10.5.6 Bayugo Au Variograms per Domain 
 

10.5.6.1 Basalt Au 
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10.5.6.2  Basalt Au Back Transformed Variogram 

 

 
High covariance in the variogram along the N 45 and N 135 direction for the experimental variograms 
are not shown in the model variograms. This is not a big concern as the basalt domain is considered 
background. Tighter kriging parameters are to be used to compensate for the uncaptured nugget 
effect in the aforementioned directions. 
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10.5.6.3 Birds Eye Porphyry Au 
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10.5.6.4 Birds Eye Porphyry Au Back Transformed Variograms 

 

 
Preference for the N0 direction is observed in the experimental and model variograms. High 
covariance are observed in the experimental variograms along the N0 and N45 directions and are not 
reflected in the model variogram because of the low number of data points (4 and 6 respectively) used 
to compute these values.  
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10.5.6.5 Breccia Au 
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10.5.6.6 Breccia Enriched Au Back Transformed Variograms 

 

 
Orientation is clearly observed towards the east west direction suggesting the spacial limit of the 
deposit is the cause for the short range observed for the N0 direction. This is also confirmed by the 
extremely high covariance observed towards the end of the N0 and N45 direction. This may also 
suggest that the boundaries of this domain may need to be cleaned up along this direction.   
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10.5.6.7 Breccia Oxide Au 
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10.5.6.8 Breccia Oxide Au Back Transformed Variograms 

 

 
Closely modelled experimental variograms signal consistent and predictable patterns inside the 
breccia oxide zone for the Au variable. Given the relatively circular shape of the breccia solid, the 
directionality in the lower correlations is a persistent trend within the deposit. D90 is seen as the 
direction with the greatest continuity. 
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10.5.6.9 Breccia Primary Au  
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10.5.6.10 Oxide Mineralization Au Back Transformed Variograms 

 

 
Modelled variograms closely follow the experimental variograms in the close ranges however are 
more divergent nearer the end of the range. Shorter kriging ranges will be used for interpolated points 
and more restrictions will have to be applied to longer range points to account for this mismatch.    
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10.5.6.11 Early Min Enriched Au  
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10.5.6.12 Early Min Enriched Au Back Transformed Variograms  

 

 
Model variograms closely follow the experimental variograms. There is a clear preference for 
directions on the XY plane as compared to down the hole as the enriched zone covers a relatively 
thin slice compared to its width and length. 
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10.5.6.13 Early Min Oxide Au  
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10.5.6.14 Early Min Oxide Au Back Transformed Variograms  

 

 
Modeled variograms are not noticably close to the experimental variograms despite being in the 
early min oxide zone. Denseness of samples in this domain should make up for this inconsistency 
allowing estimates to be made with good accuracy. 
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10.5.6.15 Early Min Primary Au Experimental Variograms with Modeled Variograms 
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10.5.6.16  Early Min Primary Au Back Transformed Variograms 

 

    
Modeled variograms closely matched experimental variograms in the nearer ranges and to some 
extent the longer ranges, because the early min primary domain reaches to the lateral extents of the 
Bayugo deposit some care will be taken when extrapolating blocks. 
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10.5.6.17 Fine Grain Diorite Au Experimental Variograms with Modeled Variograms 
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10.5.6.18 Fine Grain Diorite Au Back Transformed Variograms 

 
 
 

 
Consistence between experimental and modeled variograms is only evident in the short ranges. 
Domain itself also has limited number of data points and extra care is taken in estimating blocks that 
are some distance away from data points. 
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10.5.6.19 Fine to Medium Grain Diorite Au Experimental Variograms with Modeled 
Variograms 
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10.5.6.20 Fine to Medium Grain Diorite Au Back Transformed Variograms  

 

 
Lack of data points in this domain and inconsistency between the modeled and experimental 
variograms are observed. Conservative estimates are done on kriging passes that are on the further 
ranges of the variogram. 
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10.5.6.21 Intermediate Min Au Experimental Variograms with Modeled Variograms 
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10.5.6.22 Intermediate Min Au Back Transformed Variograms  

 

 
 
Despite evident long ranges in both the experimental and model variograms, the model does not 
accurately capture the experimental variograms. Given the limited points inside this domain, stricter 
kriging restrictions such as maximum grades for extrapolated points will be applied to even short 
range estimates. 
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10.5.6.23 Late Min Au Experimental Variograms with Modeled Variograms 

        

 

   

N0 

N135 

D-90 

N45 

N90 



 

145 | P a g e  
 

10.5.6.24 Late Min Au Back Transformed Variograms 
 

 

 
Short range model variograms were used although the experimental variograms are longer range to 
take into account the lack of data points. Given the conservative variography, kriging restrictions are 
only applied to long range estimates. 
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10.5.6.25 Medium Grain Diorite Enriched + Oxide Au Experimental Variograms with 
Modeled Variograms 
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10.5.6.26 Medium Grain Diorite Enriched + Oxide Au Back Transformed Variograms 
 

 

 
 

High sill in the experimental variograms just beyond the modelled variogram ranges suggest a 
double distribution in the data. Dense data spacing more than makes up for the double 
distribution and as such very little kriging restrictions are used even at long ranges. 

 
  



 

148 | P a g e  
 

10.5.6.27 Medium Grain Diorite Primary Au Experimental Variograms with Modeled 
Variograms 
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10.5.6.28 Medium Grain Diorite Primary Au Back Transformed Variograms 

 

 
 

Model variograms are closely follow the experimental variograms.  Large number of data points 
compounded with good predictability in data across the domain allow for very good quality of 
estimation even in the further ranges of this particular domain for this particular metal. 
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10.5.6.29 Skarn Au Experimental Variograms with Modeled Variograms 

.   

  

   

N0 

N135 

D-90 

N45 

N90 



 

151 | P a g e  
 

10.5.6.30 Skarn Au Back Transformed Variograms 

 

 
 
Model variograms closely follow the experimental variograms at the closer ranges. Given the small 
range characteristic of skarn pockets, kriging limitations are set to prevent estimation of any point 
not inside each individual solid. 
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10.5.6.31 Basalt Cu Experimental Variograms with Modeled Variograms 
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10.5.6.32 Basalt Cu Back Transformed Variogram 

 

 
Model variograms do not closely follow the experimental variograms in the N0 and N45 directions. 
Also directional preference on the N45 and more so on the D90 direction indicates good continuity 
of the BEP domain for Cu despite not having many data points. 
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10.5.6.33 Birds Eye Porphyry Cu Experimental Variograms with Modeled Variograms 
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10.5.6.34 Birds Eye Porphyry Cu Back Transformed Variograms 
  

 

 
Good consistency in the model variograms compared to the experimental variograms. Long ranges in 
both the experimental and the model variograms allow for longer estimation of blocks with low 
variance in a domain with sparse data density. 
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10.5.6.35 Breccia Enriched Cu Experimental Variograms with Modeled Variograms 
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10.5.6.36 Breccia Enriched Cu Back Transformed Variograms 

 

 
Although both model and experimental variograms have significantly long ranges, most of the sill is 
reached by the first short range structure. Special care will have to be made on long range estimates 
on extrapolated points to avoid unrealistic high grades. 
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10.5.6.37 Breccia Oxide Cu Experimental Variograms with Modeled Variograms 
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10.5.6.38 Breccia Oxide Cu Back Transformed Variograms 

 

 
Noticably long ranges on both model and experimental variograms along with how closely the model 
variogram follows the experimental variogram are good signs that block estimates in this domains 
for Cu will be fairly accurate. 
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10.5.6.39 Breccia Primary Cu Experimental Variograms with Modeled Variograms 
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10.5.6.40 Breccia Primary Cu Back Transformed Variograms 

 

 
Longer ranges in the east west direction highlight the importance of the Kalayaan domain and the 
possible need to clean up the edges of these domains  
 

   



 

162 | P a g e  
 

10.5.6.41 Early Min Enriched Cu Experimental Variograms with Modeled Variograms 
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10.5.6.42 Early Min Enriched Cu Back Transformed Variograms  

 

 
Shorter ranges and no directionality suggest matched with similar model and experimental variograms 
suggest that this domain may be smaller than the solid suggests. No evidence of a second distribution 
is shown however range of influence is very small. 
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10.5.6.43 Early Min Oxide Cu Experimental Variograms with Modeled Variograms 
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10.5.6.44 Early Min Oxide Cu Back Transformed Variograms  

 

 
Continuously shortening model and experimental variograms within the early mineralization 
domains coupled with good comparability between the experimental and model variograms suggest 
the need for a smaller domain. However the dense sample spacing in this domain makes up for the 
shorter ranges. 
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10.5.6.45 Early Min Primary Cu Experimental Variograms with Modeled Variograms 
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10.5.6.46 Early Min Primary Cu Back Transformed Variograms 

 
Long ranges in both the experimental and model variograms assure us of low variance estimates. 
The sheer number of data points in what is thought to be the mineralized zone also helps in the 
quality of the estimates. 
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10.5.6.47 Fine Grain Diorite Cu Experimental Variograms with Modeled Variograms 
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10.5.6.48 Fine Grain Diorite Cu Back Transformed Variograms 

 

 
The directional preference towards the N135 direction and the unusually small range on N45 direction bring to 
attention the lack of data points in the domain.  
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10.5.6.49 Fine to Medium Grain Diorite Cu Experimental Variograms with Modeled 
Variograms 
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10.5.6.50 Fine to Medium Grain Diorite Cu Back Transformed Variograms  
 

 

 
Very long ranges and good comparability in the model and experimental variogram makes up for the poor 
sample density in the domain. Almost omnidirectionality of the final model variogram will make for an even 
lower variance on the estimate. 
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10.5.6.51 Intermediate Min Cu Experimental Variograms with Modeled Variograms 
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10.5.6.52 Intermediate Min Cu Back Transformed Variograms  
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10.5.6.53 Late Min Cu Experimental Variograms with Modeled Variograms 
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10.5.6.54 Late Min Cu Back Transformed Variograms 
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10.5.6.55 Medium Grain Diorite Enriched + Oxide Cu Experimental Variograms with 
Modeled Variograms 
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10.5.6.56 Medium Grain Diorite Enriched + Oxide Cu Back Transformed Variograms 
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10.5.6.57 Medium Grain Diorite Primary Cu Experimental Variograms with Modeled 
Variograms 
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10.5.6.58  Medium Grain Diorite Primary Cu Back Transformed Variograms 
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10.5.6.59 Skarn Cu Experimental Variograms with Modeled Variograms 
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10.5.6.60 Skarn Cu Back Transformed Variograms 
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10.6 Kriging 
 
Ordinary Kriging is conducted independently on each domain. Two to three kriging runs per metal per 
domain have been done at varying kriging parameters. Output is saved into several block model files 
and later combined in the finalized block model.  For the recent estimation of Boyongan, the software 
GEMS by Geovia was used, while for the estimation of Bayugo, Isatis was used.   

10.6.1 Block Model 
 

A 20m by 20m by 20m block model is used for the Bayugo model while a 20 m by 20m by 5m 
block size was utilized in Boyongan.   The block model files for each deposit is kept in separate 
files and run independently of each other.  Compared to previous iterations, the estimation for 
the Bayugo Project is extended to the north to cover the Kalayaan deposit and to the east of 
Boyongan to accommodate the data at the decline. 

 
   Table 31.  Block model geometry for Boyongan 

Block Model Parameters X Y Z 

Origin(m) 777,850 1,061,510 1075 

Mesh(m)  20 20 5 

Number of Nodes 135 128 405 
 
    Table 32.  Block model geometry for Bayugo 

Block Model Parameters X Y Z 

Origin(m) 777,810 1,061,520 -940 

Mesh(m)  20 20 20 

Number of Nodes 160 128 80 

10.6.2 Specific Gravity 
 

The specific gravity of drill cores is measured using a water immersion test with validation 
samples taken for the less competent oxidized zone to check for selection bias.  The addition of 
these validation data did not make a material difference in the estimation results, thus showing 
that selection bias was not a concern. 
 
For Boyongan, the density model as interpolated by Silangan consultants, Snowden, was utilized.  
The density values were used as point data and interpolated using ordinary krigging into domains 
based on sulfur content.  Hard boundaries were used in the estimation. 
 
For Bayugo, nearest neighbor methodology for interpolation was done independently for each 
domain. A comparison of the raw data and the block estimates was done to check the validity of 
the estimate. As expected of the nearest neighbor methodology, there is almost no smoothing of 
the specific gravity variable. An increase in the mean is also expected as the data points are 
clustered in the center of the deposit where the SG is relatively lower where the blocks are evenly 
spaced throughout the deposit. 

 
           Table 33.  Comparison of block vs point data for specific gravity 

 

  Count Mean STDV 

Drill Hole Data 5,142 2.31 0.21 

Blocks 168,314 2.36 0.20 
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10.6.3 Kriging Methodology 
 

The kriging methodology for the Boyongan and Bayuo runs have a few minor differences.  For 
Boyongan, the blocks are first tagged with a rock code based on the code of the domain it falls 
under.    Overlaps in the domain solids are addressed by setting up a solid precedence.  If an 
overlap beteween two solids occur, the block will be coded with the solid having a higher 
precedence number.  Two to three kriging runs per domain are conducted depending on the 
variogram ranges and paucity of data relative to the size of the domain.  The first run has a smaller 
search ellipse range, based on the shorter range model obtained during variography, with the 
next runs having increasing search ellipse ranges based on the longer range models in 
variography.  The last kriging run is usually a catch-all to ensure that all significant blocks with 
each domain have a grade value.  The minimum number of points to be used for an interpolation 
run is 12, with a maximum number of 24.  The discretisation applied is 5x5x3.  For all the domains, 
hard boundaries were used except for the High Gold West domain which was interpolated using 
a soft boundary.         
 
For Bayugo, blocks that fall under multiple domains are flagged under the domain that occupied 
the greatest space inside the block. The outputs that are stored in each block include estimated 
grade, standard deviation of estimate, slope of regression curve, number of samples used to 
estimate each block and the mean distance of samples from the estimated block. 
 
Three kriging runs are performed per metal per domain. The first run is to ensure blocks that have 
three to four data points found in close proximity to the block as determined by the variogram 
are estimated without restrictions. Close proximity in this case means that the point and the block 
have at least 40% correlation as determined by the variogram. The second run is to ensure that 
interpolated blocks with sufficient data are estimated. The estimation area is split into four 
quadrants and no two consecutive quadrants can have no data points. Sufficient data refers to 
three to four data points that are at least 10% correlated to the target block as defined by the 
variogram.  The third run is a catch-all run to make sure that all mineralized blocks have a value 
for grade estimate. A restriction is applied to the third run limiting the grade to no higher than 
the median of the domain. After each run, successfully kriged blocks are flagged so that they are 
no longer included in the next run. 
 
Kriging parameters common to all three runs are those that do not restrict the data selected to 
estimate a block. These include the optimum number of data points per quadrant is 30. A top cut 
of based on the histogram of each metal for points farther than 20m from the block to be 
estimated. Lastly, each block is divided into a grid of smaller blocks, 5 nodes along the x axis, 5 
nodes along the y axis and 3 nodes along the z axis for block estimation purposes. 

10.6.4 Final Block Model 
 

All the individual block models per domain are combined to create a final block model.  There are 
two separate block models for Boyongan and Bayugo.   All kriging outputs except standard 
deviation are migrated into the finalized block model. For blocks belonging to more than one 
domain, the kriging outputs are weighted based on the proportion of the block to the respective 
domains.  

10.6.5 Mineralized Blocks 
 

For Bayugo, the basis for classifying blocks as mineralized or not mineralized depends on the 
domain. All blocks inside a domain flagged for estimation are considered mineralized. The few 
exceptions are the cover domain debris flow breccia and basalt. Grade estimates have been 
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assigned to these domains using the methodology above however the blocks were not 
considered mineralized because of the lack of data used in the estimate and the high chance for 
error. Blocks inside the other cover solids were not estimated despite some high grade intercepts 
in these domains.   
 
For Boyongan, the mineralization envelope provided by consultants defined the mineralization 
extent.  Mineralization envelopes were created based on the  nominal cut-off of 0.1%Cu and 
0.2gpt Au. 

10.6.6 Classification  
 

The basis for classifying blocks as measured, indicated and inferred is the slope of the regression 
line for copper estimates. Copper is chosen since given the prices used to create a copper 
equivalent cut off, copper is responsible for a bigger share of the in-situ value of the resource. 
The classification process is divided into two processes. 
 
First, the blocks are assigned a classification based on the kriging output, slope of regression line. 
A block must first be mineralized to be classified as measured, indicated or inferred. Blocks with 
a slope greater than 0.95 are classified as measured. Blocks with a slope greater than 0.85 are 
classified as indicated. All other mineralized blocks not classified as measured or indicated are 
classified as inferred. 
 
The slope of the regression line is a good basis for classification because it is a measure of how 
efficiently the kriging estimate has been made. The goal of kriging is to minimize the block 
variance by using points correlated to the block as estimators for the block grade. More often 
than not, the weighted sum of all the point estimates will still not correlate 100% with the block. 
This means that there will be some inefficiency in the kriging grade and this is precisely what 
affects the slope of the regression line. 
 
In addition, the slope of the regression line is a relative number, meaning, its value will always 
range from 0 to 1. This means that a global classification criterion can be set. Given multiple 
domains with varying sample spacing and variograms, a non-relative classification basis will have 
to be tweaked for each domain to better accommodate the definition of a good estimate. 
 
Comparing the slope of the regression line with other classification methods such as number of 
neighbors and mean distance of samples to estimated block, the correlation is evident as shown 
in the images below. 

.      
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Since classification based solely on the slope of regression line usually results areas of patchy, 
discontinuous areas especially within regions informed by lesser data points such as shown below 
(Figure 39).  A subsequent modifying step is needed to create a more continuous and sensible 
classification zone. Wireframes, were therefore created to capture the approximate same volume 
of measured blocks as those blocks flagged as measured. The same was done for indicated and 
inferred.   
 
For Boyongan, the more specific criteria of sample spacing was used to create more continuous 
classification solids.  The measured area was modified by considering drillhole intervals which are 
at 50m distance from each other, while the indicated solid was modified by considering intervals 
at 100m spacing.  Areas with informing samples at greater than 100m distance was classified as 
inferred.  Blocks showing indications of grade “blowouts” were either treated as unclassified or 
had block grades reset to a nominal background grade.  To create the modified classification 
solids, samples were viewed in plan section and bounding polylines were created based on the 
sample spacing and the slope of regression value.  The polylines subsequently tied to create the 
classification solids. 

 

                                                     
 
Figure 39.  Blocks showing classification based on slope of regression line.  Note the columns of measured blocks at the outer 
fringes of the deposit. 

 
Once a solid is created, the area classified is more continuous and smoother, this helps avoid 
instances where the classification is consistently changing from one block to the next. 
 

     
 

   Figure 40.  Resulting classification solid showing a more continuous measured area. 

 



 

186 | P a g e  
 

10.7 Resource Estimate 
 
To meet the requirement of “reasonable prospects of eventual economic extraction” provision in 
order to declare the Boyongan and Bayugo MRE’s under the PMRC, parameters provided based on 
technical studies on underground caving methods by SMMCI were utilized.  SMMCI provided the 
estimated metal prices of US$3.2/lb for copper and US$1,342/oz for gold with metal recoveries of 
95.3% and 85% for gold and copper, respectively.  A copper equivalent conversion factor of 0.686 was 
used with the complete copper equivalent formula shown below: 
 
CuEq = Cu% + 0.686 x Aug/t 
 
Based on these, a cut-off grade of 0.5% copper equivalent (“CuEq”) has been applied for reporting the 
mineralized portion of the deposit.   
 
The table below details the tonnage and grade listing for the Philex Boyongan Resource Estimate for 
2019.  Numbers may not sum up due to rounding. 
 
Table 34.  Philex PMRC-compliant Boyongan MRE 

  
Boyongan-Silangan MRE at 0.5%CuEq 
(within MPSA-149-99-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 160 0.86 0.58 
         

4.43  
    

2,039.0  

Indicated 119 0.48 0.44 
         

1.84  
    

1,150.8  

Total Measured + 

Indicated 
279 0.70 0.52 6.27   3,189.7  

Inferred 218 0.49 0.36 
         

3.42  
    

1,735.2  

Total   497 0.61 0.45 9.69   4,924.9  

 
The resource tables for Bayugo are subdivided into Bayugo deposit-Silangan and Bayugo deposit-
Kalayaan so that individual assessments can be done for the portions of the deposit under different 
mineral rights and owners.  Parameters used such as metal prices, copper equivalent factor and 
recoveries are the same as those applied for reporting Boyongan.  Using the same copper equivalent 
cut-off of 0.5%, the tables below show the tonnage and grade details for Bayugo. 
  
Table 35.  Philex PMRC-compliant Bayugo-Silangan MRE 

 
Bayugo-Silangan MRE at 0.5%CuEq 
(within EP13-XIII and MPSA 149-99-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 161 0.61 0.60 
       

3.17  
    

2,112.9  

Indicated 12 0.39 0.29 
       

0.15  
         

72.9  

Total Measured + 

Indicated 
172 0.60 0.57 3.31   2,185.7  

Inferred 4 0.42 0.27 
       

0.05          22.2  

Total   176 0.59 0.57 3.36   2,207.9  
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Table 36.  Philex PMRC-compliant Bayugo-Kalayaan MRE 

 
Bayugo-Kalayaan MRE at 0.5%CuEq 
(within EP14B-XIII)       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 118 0.47 0.43 
       

1.79  
    

1,123.8  

Indicated 3 0.37 0.64 
       

0.03  
         

36.6  

Total Measured + 

Indicated 
120 0.47 0.44 1.82   1,160.3  

Inferred 2 0.40 0.81 
       

0.02  
         

28.3  

Total   122 0.47 0.44 1.84   1,188.6  

 
 
At the utilized 0.5% CuEq cut-off, the Silangan Project encompassing Boyongan, Bayugo-Silangan and 
Bayugo-Kalayaan contains a total measured and indicated resource of 11.4 million ounces of gold and 
6.5 billion pounds of copper. 

 

Table 37.  Philex PMRC-compliant Silangan MRE 

 

Total Silangan  MRE at 0.5%CuEq       

Classification Mt g/t Au %Cu Au Moz Cu Mlb 

Measured 438 0.67 0.55 
       

9.39  
    

5,275.6  

Indicated 133 0.47 0.43 
       

2.01  
    

1,260.2  

Total Measured + 

Indicated 
571 0.62 0.52 11.4 6,535.8  

Inferred 224 0.48 0.36 
       

3.49  
    

1,785.7  

Total   795 0.58 0.47 14.9  8,321.5  

 
 

10.8 Validation 
 

10.8.1 Statistical Comparison 
 
Statistical comparisons per domain were done for the composite points and the resulting block 
models, as shown in the tables below.  As expected, there is a general smoothening for the block 
estimates, as evidenced by the lower standard deviation.  Block mean grades are also generally lower 
with exceptions in domains with limited datasets.  Overall the results validate the methodology 
utilized during resource estimation. 
  



 

188 | P a g e  
 

Table 38.  Statistical comparison of Au data composites and Au block estimates for Boyongan 

 
 

 
Table 39.  Statistical comparison of Cu data composites and Cu block estimates for Boyongan 

 
 
Table 40.  Statistical comparison of Au data composites and Au block estimates for Bayugo 

 
 
 
  

Count Mean STDV Count Mean STDV

High Au (East) 83 992          4.10 3.61 1,840           3.46 1.95

High Au (West) 84 350          3.01 1.82 748               3.39 1.05

Host 91 2,668       0.26 0.54 91,603         0.14 0.24

Intial 92 7,442       0.32 0.53 291,755       0.13 0.21

Breccia 93 9,188       0.45 0.54 71,557         0.39 0.33

Early Mineralization 94 1,283       0.74 0.96 5,927           0.57 0.58

Inter Mineralization 95 805          0.17 0.22 20,335         0.06 0.17

Late Mineralization 96 63            0.35 0.52 88                 0.30 0.24

Composites Blocks
Domain Rockcode

Count Mean STDV Count Mean STDV

High Copper Grade Zone 80 1,980       1.48 0.96 5,692           1.17 0.63

Host 91 2,621       0.26 0.31 91,597         0.14 0.18

Intial 92 7,391       0.27 0.28 291,489       0.12 0.15

Breccia 93 8,335       0.40 0.24 69,130         0.35 0.16

Early Mineralization 94 1,401       0.39 0.33 5,980           0.33 0.20

Inter Mineralization 95 793          0.08 0.10 28,593         0.03 0.04

Late Mineralization 96 51            0.57 0.27 62                 0.54 0.18

Composites Blocks
Domain Rockcode

Count Mean STDV Count Mean STDV

Basalt 100 688 0.13 0.26 334,516  0.06 0.05

Bird’s Eye Porphyry 101 557 0.21 0.21 19,823    0.16 0.11

Breccia-Enriched 102 310 0.33 0.35 786          0.34 0.13

Breccia-Oxide 103 198 0.45 0.39 542          0.41 0.18

Breccia-Primary 104 1999 0.23 0.17 7,089      0.22 0.13

DIO2 (Early Mineralization)-Enriched 105 1499 0.78 0.63 2,794      0.78 0.42

DIO2 (Early Mineralization)-Oxide 106 617 0.89 0.82 1,172      0.99 0.76

DIO2 (Early Mineralization)-Primary 107 3251 0.47 0.29 7,814      0.47 0.18

Fine Grained Diorite 108 194 0.21 0.11 939          0.23 0.06

Fine-Medium Grained Diorite 109 0 0 0 0 0 0

DIO3 (Inter Mineralization) 110 750 0.32 0.26 1,420      0.28 0.18

DIO4 (Late Mineralization) 111 329 0.53 0.53 395          0.52 0.30

MGD-Enriched+Oxide 112 860 0.19 0.33 2,978      0.15 0.14

MGD-Primary 113 4694 0.17 0.15 29,663    0.15 0.08

Skarn 114 179 0.19 0.31 1,549      0.14 0.10

Domain Rockcode
Composites Blocks
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Table 41.  Statistical comparison of Cu data composites and Cu block estimates for Bayugo 

 
 
 
 
 
 
 
  

Count Mean STDV Count Mean STDV

Basalt 100 688 0.11 0.12 334,516  0.04 0.03

Bird’s Eye Porphyry 101 557 0.18 0.11 19,823    0.13        0.08        

Breccia-Enriched 102 310 0.56 0.45 786          0.60 0.28

Breccia-Oxide 103 198 0.6 0.49 542          0.70 0.39

Breccia-Primary 104 1999 0.23 0.17 7,089      0.22 0.12

DIO2 (Early Mineralization)-Enriched 105 1499 0.88 0.68 2,794      0.88 0.41

DIO2 (Early Mineralization)-Oxide 106 617 0.47 0.43 1,172      0.43 0.28

DIO2 (Early Mineralization)-Primary 107 3251 0.37 0.22 7,814      0.36 0.16

Fine Grained Diorite 108 194 0.18 0.1 939          0.20 0.07

Fine-Medium Grained Diorite 109 0 0 0 0 0 0

DIO3 (Inter Mineralization) 110 750 0.18 0.14 1,420      0.15 0.10

DIO4 (Late Mineralization) 111 329 0.71 0.73 395          0.61 0.47

MGD-Enriched+Oxide 112 860 0.45 0.39 2,978      0.36 0.25

MGD-Primary 113 4710 0.19 0.14 29,663    0.17 0.08

Skarn 114 176 0.12 0.15 1,549      0.10 0.06

Domain Rockcode
Composites Blocks
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10.8.1 Swath Plots  
 
Standard validation plots were created along the northing, easting, as well as, the downhole 
directions, for both copper and gold.  Block grade averages were compared to average point data at 
20m intervals along the horizontal directions and 10m along the vertical direction for Boyongan while 
for Bayugo, intervals were at 20m along the horizontal and vertical directions.  Block averages showed 
a general smoothening with respect to composite data with good correlation where there were 
adequate data points.  Areas with few data points for estimation displayed some over or 
underestimation.   Swath plots for copper and gold at each domain are shown in detail in Appendix 2.  
Figures 41 and 42 below show an example of the validation plots for copper and gold for the Early 
Mineralization domain in Boyongan. 
 
 
Figure 41. Copper Validation Plots for Early Mineralization Domain for Boyongan (Rockcode=94)  
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Figure 42. Gold Validation Plots for Early Mineralization Domain for Boyongan (Rockcode=94) 
 

 
 

 
 

 
 

11 Conclusion 
 
The Silangan project has undergone several technical studies to validate the geology and grade 
distribution within the deposit, as well as, rigorous audits of the database collected during the 
different exploration campaigns.  The QA/QC procedures and standards in place exceed commonly 
accepted standards to ensure confidence in the use of the data for resource estimation.  Geological 
domains utilized are of robust standards and are thus suitable for mineral resource estimation.  The 
copper and gold grades show reasonable continuity with low nugget effects and large ranges.  As a 
consequence, it is concluded that the estimation results are generally good and reflect the geological 
understanding and grade distribution within the deposit.     
 
 



 

192 | P a g e  
 

References:  
 
AMEC Australia Pty Ltd (AMEC), 2014, Silangan Project Mindanao Island (Philippines) 2014 Mineral 
Resource Estimate, Report submitted to SMMCI 
 
Braxton, D.P. 2007, Boyongan and Bayugo porphyry copper-gold deposits NE Mindanao, Philippines: 
Geology, geochemistry and tectonic evolution. Unpublished. Doctor of Philosophy Thesis 
 
Oliveros, N.C., 2011, Technical Report on the Boyongan-Bayugo Deposit in Surigao del Norte, 
Mindanao, Philippines, Philex disclosure to the Philippine Stock Exchange 
 
Snowden, 2015, Boyongan Mineral Resource Report, October 2015, Silangan Copper Gold Project. 
Report submitted to SMMCI 
 
SRK Consulting, 2011, Boyongan and Bayugo Cu-Au Porphyry Resource Estimation, Report submitted 
to Philex Mining Corp. 
 
  



 

193 | P a g e  
 

Appendix 1- List of Drillholes Used in Estimation 
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Appendix 2- Validation Plots 
 
 
 

 


