Lakehead University

Knowledge Commons,http://knowledgecommons.lakeheadu.ca

Electronic Theses and Dissertations Electronic Theses and Dissertations from 2009

2012-11-10

Magmatic evolution and alteration

geochemistry of the Black Mountain

Southeast porphyry copper-gold

deposit, Baguio mineral district Luzon, Philippines

Sweet, Gabriel

http://knowledgecommons.lakeheadu.ca/handle/2453/275
Downloaded from Lakehead University, KnowledgeCommons



Magmatic Evolution and Alteration Geochemistry of the Black
Mountain Southeast Porphyry Copper-Gold Deposit, Baguio

Mineral District, Luzon, Philippines

Gabriel Sweet, BA

Submitted in fulfillment of the requirements for the degree of

Masters of Science

May, 2011



Abstract

The Black Mountain porphyry Cu-Au deposit is located in the central-western portion of
the Baguio mineral district, Philippines, approximately six kilometers southwest of
Baguio City in the Upper Bued River. It consists of two orebodies hosted within the
Black Mountain Intrusive Complex (BMIC). The ‘Main’ or ‘Kennon’ orebody occurs at
the northwest end of the elongate intrusive complex. Main was block caved from 1969 -
1983 and had a preproduction reserve of 47 Mt at 0.38% Cu and 0.35 g/t Au + 0.01%
Mo. The Southeast orebody was block caved from 1977 — 1983 from surface at 790
meters to a subsurface elevation of 560 meters and had a preproduction reserve of 15 Mt
~0.37% Cu + 0.26 g/t Au. The Southeast orebody has a surface expression that is

approximately 150 meters wide and 600 meters long, trending northwest.

Sampling and detailed mapping at a 1:1000 scale of the Black Mountain
Southeast area has identified six intrusive phases, termed the Black Mountain Southeast
Intrusive Suite (BMSIS). From oldest to youngest, these are: the hornblende megacrystic
Liw-Liw Creek basaltic dikes (LLC), the quartz vein stockworked and quartz flooded
early mineralization diorite plug that is the main host of mineralization at Black
Mountain Southeast (EMD), the plagioclase and variably hornblende-phyric diorite stock
and dikes (PHD), the hornblende megacrystic and clotted gabbro dikes (HMG), the
hornblende clotted basalt dikes (HCB), and a series of young aphanitic to plagioclase
microphenocrystic mafic dikes (AM). Over the lifetime of the porphyry system, they
mark a temporal shift in composition from mafic to felsic to mafic. These rocks are
derived from low- to medium-K calc-alkaline island arc melts. U-Pb and “Ar-**Ar dating
has confirmed the relative chronology of intrusive phases, and major and trace element
whole rock geochemistry confirms the temporal shift from mafic to felsic to mafic
magmas. Isotope systematics (Rb-Sr and Sm-Nd) show that both radiogenic Sr and Nd
increase during the lifetime of the Black Mountain Southeast system. Major element
geochemistry of hornblende phenocrysts indicate two spatially and/or temporally distinct

crystallization events; one occurred at shallower levels as a product of quenching



intermediate magma, whereas the other occurred at deeper crustal levels in the presence
of mafic magmas.

The magmas of Black Mountain Southeast porphyry system are a product of
complex sub-arc generative mechanisms and intra-crustal modification: Liw-Liw Creek
magmas were generated and emplaced prior to ~3.2 Ma, possibly as a product of resumed
subduction of an aseismic seamount chain. Locally compressive tectonics facilitated
intra-crustal stagnation and the subsequent fractional crystallization of a Liw-Liw Creek
magma chamber. A second mafic melt (a hybrid mixture of evolved slab-derived basalt
and primitive depleted mantle wedge material) was generated and, upon ascension into
the crust, underplated the crystallizing Liw-Liw Creek magma chamber. The additional
heat and volatiles provided by the hybrid melt resulted in partial melting at the base of the
magma chamber and possibly energized the remaining melt within the intrusion, giving
rise to felsic and intermediate partial melt products (as a mixture of the hybrid magma
and partial melt product) as well as mineralizing fluids. A shift to local extension
allowed for the emplacement of the partial melt products, and a gradual increase in the

representation of the hybrid mafic melt in the upper porphyry system.

Alteration associated with the Black Mountain Southeast orebody constitutes an
early sub-circular zone of potassic alteration (quartz+biotite) imposed over the central
plug of EMD that is spatially and temporally linked to mineralization, followed outward
by a contemporaneous propylitic alteration halo (epidote+chlorite+carbonates). A later
northwest-elongate zone of pyritic and sericitic alteration overprinted both of the earlier
alteration assemblages. Weak phyllic alteration is present locally in quartz-pyrite veins
crosscutting the Black Mountain Southeast area.

Trace element analysis of alteration epidote demonstrated a spatial chemical
zonation within the propylitic alteration halo of the Black Mountain Southeast system for
a suite of pathfinder elements, originally defined by the AMIRA P765 project to be used
for regional porphyry exploration (Zn, Sn, Mo, Cu, La, Y, Zr, Sr, As, Pb, Sb, U, Bi).
Comparison of the alteration epidote trace element compositions with the trace element
compositions of the host rocks and host phenocrysts suggested that for the majority of the

suite of elements examined, host rock chemistry did not have an impact on epidote trace
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element composition. However, a weak correlation between epidote, whole rock and
plagioclase phenocryst Sr composition was detected. It is therefore recommended that Sr

be discarded from the possible suite of pathfinder elements.
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Chapter 1

Introduction

1.1 The Baguio Mineral District and Black Mountain Southeast
Over the last three million years, porphyry (e.g., Santo Tomas II; Imai, 2001), epithermal
(e.g., Acupan; Cooke et al., 1996) and skarn (e.g., Thanksgiving; Callow, 1967)
mineralization has made the Baguio mineral district of Northern Luzon, Philippines, one
of the world’s most prolific mineral provinces (Waters and Gonzales, 2005). Current
estimates of total mineral wealth contained within these deposit types are in excess of 35
million ounces of gold and over 2.7 million tons of copper (Waters and Gonzales, 2005).
Active mining and production for much of the 20" century focused on gold extraction
from epithermal veins, leaving the porphyry Cu-Au-(Mo) mineralization underdeveloped
and the region under-explored. However, recent exploration by AngloAmerican in the
1990s lead to the discovery of multiple porphyry prospects (e.g., Mexico and Nugget
Hill; Waters, 1999; Waters and Gonzales, 2005), suggesting that there are substantial Cu
and Au resources yet to be uncovered.

Early research into porphyry-style mineralization noted a broad genetic
relationship between the low-grade, high tonnage deposits and stocks, plugs and dikes of
intermediate to felsic calc-alkaline to alkaline magmas in island and continental arcs
world-wide (e.g., Sillitoe, 1972; Sillitoe, 1973; Gustafson and Hunt, 1975). Later
research into the generation of the porphyry mineralization specific to the Baguio district
confirmed this connection, and established a genetic link between Pliocene calc-alkaline
magmatism and onset of mineralization in the Baguio district (Sillitoe and Gappe, 1984;
Sillitoe, 1989). More recent work has taken this connection a step further, and attempted
to identify and track the changes in the geodynamics of the northern Philippine Arc
system, as they pertain to sub-arc generation and intra-crustal emplacement of fertile
magmas (e.g., Defant et al., 1989; Yumul et al., 1995; Sajona et al., 1999; Hollings, 2006;
Polve et al., 2007; Hollings et al., in press). As such, numerous theories have been
proposed for the Pliocene tectonic and magmatic history of the northern Philippine Arc
and generation of fertile magmatism in the Baguio district. These include an arc polarity

reversal in the late-Miocene from dominantly westward subduction to dominantly



eastward subduction (Yang et al., 1996), tearing in the down-going slab of South China
Sea below the arc in the late-Miocene to early-Pliocene (Yang et al., 1996; Bautista et al.,
1996, 2001), eastward subduction of an aseismic seamount chain below northern Luzon
during the early-Pliocene (Yang et al., 1996; Hollings and Cooke, 2005) and shallowing
of the eastward subducting slab (Yang et al., 1996; Hollings et al., in press). Despite the
abundance of models for the late-Miocene to Pliocene magmatic and tectonic evolution
of the Philippine Arc, there is one aspect of the geodynamic history that appears to be a
common theme linked to the onset of mineralization: a major change in arc dynamics
around five million years ago.

The Black Mountain Southeast Cu-Au-(Mo) porphyry system of the Black
Mountain Intrusive Complex (Waters and Gonzales, 2005) lies at the southeast end of the
Baguio mineral district’s westernmost Pliocene intrusive cluster. Along with the Mexico
prospect (Waters, 1999; Waters and Gonzales, 2005), the Black Mountain Kennon
orebody (Bureau of Mines and Geosciences, 1986) and the Thanksgiving skarn (Callow,
1967), the Black Mountain Southeast orebody represents the emergence of mineralization
in the Baguio mineral district. Similarly, the magmatism genetically linked to the
mineralization at Black Mountain represents the earliest fertile product of a major shift in
the geodynamics of the northern Philippine Arc system. This distinct temporal setting
makes the intrusive rocks of the Black Mountain system particularly attractive for a
petrological study investigating the northern Philippine Arc’s changing dynamics. In
particular, what new processes or changes in ongoing sub-arc and intra-crustal processes
could have given rise to fertile magma generation? Prior to the work presented herein,
there has been little-to-no petrological data generated for the Black Mountain Southeast
system or the greater Black Mountain Intrusive Complex, and no inquiry into the
magmatic history of the Baguio district’s mineralization through the lens of its earliest

mineralized intrusive center.



1.2 This Thesis

1.2.1 Objectives

The work presented herein focuses on two aspects of Black Mountain Southeast’s

generation and evolution:

1.

The petrogenesis of the Black Mountain Southeast’s intrusive rocks, examining
their sub-arc origins, their intra-crustal evolution and their intrusive history within
the context of the Black Mountain Southeast system itself, and the Pliocene
magmatism of the Baguio mineral district.

The control of host rock geochemistry on the composition of propylitic epidote.
As part of AMIRA P765A, the alteration anatomy and epidote geochemistry of
the Black Mountain Southeast system is given special attention in order to better
constrain controlling factors on pathfinder element zonation around porphyry
deposits (a method of geochemical exploration developed by the AMIRA P765
project, 2006).

Ultimately, the goal of this study was to provide insight into what aspect of the sub-arc

and/or intra-crustal environment changed in the late Miocene to facilitate the production

of magmas that were fertile for porphyry mineralization, and to quantify the potential

control of protolith trace element composition on the trace element content of alteration

epidote.

1.2.2 Methods

These topics were investigated using data collected from laboratory and field techniques,

including:

1.

Mapping of the lithology and alteration of the Black Mountain Southeast orebody
at a scale of 1:1000, and collection of rock samples (in March of 2008; Baguio
mineral district, Luzon, Northern Philippines).

Thin section petrography (performed at the University of Tasmania, Hobart,
Tasmania; Lakehead University, Thunder Bay, Ontario; MIT University, Boston,

Massachusetts).



. Uranium-lead dating utilizing ID-TIMS zircon techniques (performed at the
Pacific Centre for Isotopic and Geochemical Research at the Department of Earth
and Ocean Sciences, University of British Columbia, British Columbia).

. Argon®-argon® dating utilizing noble gas mass spectrometry (performed at the
College of Oceanic and Atmospheric Sciences, Oregon State University,
Corvallis, Oregon).

. Analysis of Rb-Sr and Sm-Nd isotope systematics within the Black Mountain
Southeast intrusive rocks (performed at the Carleton University laboratory,
Ottawa, Ontario).

. Geochemical analysis of whole rock samples using inductively coupled plasma
mass spectrometry (ICPMS; performed by Acme Labs, Vancouver, British
Columbia).

. Analysis of phenocryst population major element compositions utilizing electron
microprobe techniques (EMP; performed using microprobe equipment at the
University of Tasmania, Hobart, Tasmania; MIT University, Boston,
Massachusetts).

. Analysis of trace element compositions of epidote and phenocryst populations
using laser ablation-inductively coupled plasma mass spectrometry (LA-ICPMS;
performed at the University of Tasmania, Hobart, Tasmania).

. Analysis of trace element compositions of epidote and phenocrysts utilizing LA-
ICPMS grain mapping techniques (performed at the University of Tasmania,

Hobart, Tasmania).



Chapter 2
Background Geology

2.1 Geography and Location
The Baguio mineral district is located approximately 220 kilometers north of Manila in
the Benguet subprovince in the southern foothills of the Central Cordillera mountain
range (Fig. 2.1). The mineral district includes a wide variety of deposit types, spanning
the range of epithermal (e.g., Antomok and Acupan deposits), porphyry (e.g., Santo
Tomas II and Black Mountain) and skarn (e.g., Thanksgiving) style mineralization, all of
which are spatially and temporally associated with the eastward subduction of the South
China Sea (Waters and Gonzales, 2005; Waters et al., in press). The host stratigraphy is
a volcano-sedimentary fold belt forming a 300-kilometer long, 50-kilometer wide
mountain range. The topography of the Baguio mineral district is characterized by steep-
walled drainage valleys and rugged peaks up to 2,900 meters above sea level. The
climate is tropical monsoonal and can produce daily rainfall in excess of one meter
during peak wet season (generally between June and October), contributing significantly
to high regional erosion rates.

The Black Mountain Copper-Gold Porphyry system (16°21°13.99”N ;
120°36’32.63”E) is located in the central-western portion of the Baguio mineral district,
approximately five kilometers southwest of Baguio City in the Upper Bued River (Fig.
2.2). It consists of two ore bodies hosted within the Black Mountain Intrusive Complex
(discussed later in this chapter). The ‘Main’, or ‘Kennon’ ore body occurs at the NW end
of the elongate Black Mountain Intrusive Complex and extends into the Southeast ore
body (Fig. 2.2). Associated deposits include the Thanksgiving gold and base metal skarn
approximately 200 meters east of the Kennon ore body (Callow, 1967), and the Mexico
copper-gold prospect two kilometers to the west (Waters and Gonzales, 2005; Fig. 2.2).



Philippine Sea
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Figure 2.1 — Map of the Philippines showing submarine trenches, Philippine Fault and the subduction
of the Philippine Sea and South China Sea below the northern island of Luzon, modified after Mitchell
and Leach (1991). The location of the Baguio Mineral District is denoted by the black box
approximately 220 kilometers north of Manila.























































































































































































































































































































































































































































































































































































































































































