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Evolution of the Gold and Base Metal Mineralization of the

Kay Tanda Epithermal Gold Deposit, Lobo, Batangas,
Philippines: Insights from Fluid Inclusion Studies, Ore
Mineral Chemistry and Stable Isotope Systematics
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The Kay Tanda epithermal Au deposit in Lobo, Batangas is one of a few known Au
deposits in the Batangas Mineral District in southern Luzon, Philippines. It was formed
at the southern flank of an inactive volcano located at the southern tip of the Western
Luzon Arc, and is less than a kilometer from the coastline of southern Batangas. The
geology of Kay Tanda is composed of: (1) the Talahib Volcanic Sequence, a Middle Miocene
dacitic to andesitic volcaniclastic sequence which hosts the majority of the epithermal
mineralization, (2) the Balibago Diorite Complex, an intrusive complex cogenetic to the
Talahib Volcanic Sequence, (3) the Calatagan Formation, a Late Miocene to Early
Pliocene volcano-sedimentary sequence overlying the Talahib Volcanic Sequence and
hosts minor mineralization, (4) the Dacite Porphyry Intrusives which intruded the older
lithologic units, and (5) the Balibago Andesite, a Pliocene post-mineralization
volcaniclastic unit.

The mineralization at Kay Tanda evolved from an early-stage extensive epithermal
mineralization characterized by Au-Ag-bearing quartz stockworks hosted in the

shallower levels of the Talahib Volcanic Sequence, to a late-stage epithermal base metal
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(Zn, Pb, and Cu) mineralization with local bonanza-grade Au mineralization hosted in
veins and hydrothermal breccias at deeper levels. Paragenetic studies defined six
mineralization stages. Stage 1 is characterized by the formation of localized quartz +
pyrophyllite + dickite/kaolinite + diaspore alteration which was later cut by Au-bearing
quartz veins. This was formed due to the intrusion of the Balibago Diorite Complex into
the volcaniclastic host rocks. Magmatic volatiles were released from the intrusions and
then condensed into the groundwater which generated strongly acidic solutions. Fluid
inclusion studies on Stage 1 quartz veins indicate that mixing with meteoric water is the
main ore-forming process. With the intrusion of the Dacite Porphyry Intrusives, the
hydrothermal system developed over a wider area which formed the pervasive illite +
quartz + smectite = kaolinite alteration and the Stage 2 Au-Ag-bearing quartz stockworks.
K-Ar dating on two Stage 2 illite samples collected from alteration halos surrounding
mineralized Stage 2 quartz veins revealed a mineralization age of 5.9+ 0.2 to 5.5+ 0.2 Ma
(Late Miocene). Also, a boiling condition under hydrostatic pressure was estimated
around 500 m below the paleowater table. The late base metal mineralization commenced
with the deposition of Stage 3 carbonate veins with minor base metal sulfides. Stage 4 is
composed of quartz + adularia + calcite veins and hydrothermal breccias which host the
main base metal and bonanza-grade Au mineralization and is associated to
chlorite-illite-quartz alteration. Native gold is the dominant Au-bearing mineral which
contains 81.2 to 94.2 atomic% Au. Silver is mainly hosted in native gold (up to 18.8
atomic% Ag), electrum (up to 21.6 atomic% Ag), galena (up to 0.58 atomic% Ag), and
Bi-Pb-Cu-Ag minerals (up to 7.5 atomic% Ag) which occur typically as chalcopyrite
inclusions. Boiling is the main mechanism of ore deposition in Stage 4 based on the
occurrence of rhombic adularia, the heterogeneous trapping of fluid inclusions of variable
liquid-vapor ratios, the distribution of homogenization temperatures of measured fluid
inclusions, and the ratio of fluid inclusion gas compositions (CO2/N2 vs total non-aqueous
gas content). Stage 5 is composed of epidote-carbonate veins associated to
epidote-calcite-chlorite alteration. Towards the end of the mineralization, the Stage 6
anhydrite/gypsum-base metal veins which contain sub-economic amounts of Au and Ag
were formed. Fluid inclusion microthermometry indicates that the temperature of the
system increased from the Stage 1 (220-280°C) to Stage 2 (260-310°C), remained at high
temperatures towards the Stage 4 (270-310°C) which were attributed to the continuous
intrusion of the Dacite Porphyry Intrusives at depth, and then gradually decreased at the
Stage 6 (240-290°C). The salinity slightly decreased from 5.8 wt% NaCl equivalent in the
Stages 1, 2 and 4 to 4.6 wt% NaCl equivalent in the Stage 6.

Based on the CO2/CH4 vs N2/Ar diagram, Ar/He vs No/Ar diagram and N2/100-10He-Ar
ternary diagram derived from the fluid inclusion gas data, meteoric water is an important
component of the hydrothermal system. A small amount of arc-type derived magmatic

fluid is also suggested from the N2/100-10He-2Ar ternary diagram. The possibility of
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incorporation of seawater into the hydrothermal system of Kay Tanda was suggested by
the moderate salinity of measured fluid inclusions and the results of oxygen and
hydrogen isotope analyses of the two Stage 2 illite samples that were used from K-Ar
dating. The calculated 6'8Owater and 6Dwater values of the two Stage 2 illite samples
approach the 680 and 6D value of SMOW. This suggests the incorporation of seawater
into the hydrothermal system since the formation of the early mineralization stages.
Sulfur isotope analysis on the Stage 2 and Stage 4 sulfides and the Stage 6 sulfide-sulfate
pairs also shed light to the evolution of the hydrothermal system. Sulfur isotope analysis
was conducted on Stage 2 sulfides (-5.8%o to +2.8%o), Stage 4 sulfides (-2.1%o to +3.3%o)
and Stage 6 sulfides (+0.1%o to +2.3%0) and sulfates (+21.6%o to +22.9%0). Although the
sulfur isotopic compositions of the sulfides point to magmatic sulfur as the principal
sulfur source, the sulfur isotopic compositions of the Stage 6 sulfates approach that of
Late Miocene seawater suggesting incorporation of seawater into the hydrothermal
system.

The deposit was formed due to the complex interaction of the volcaniclastic host rocks,
the two intrusive rock units at depth, and the circulating hydrothermal fluids with
components of magmatic, meteoric and seawater origin. During the early mineralization
stages, as the seawater enter the deposit, seawater-derived sulfate minerals precipitate
at the recharge zone where the seawater-derived fluids encounter increasing
temperatures. The resulting fluids became seawater sulfate-depleted which later
circulated in the system. This is consistent with absence of sulfates in the early
mineralization stages. However, at the last mineralization stage where the temperature
of the system decreased and the meteoric water circulated into the deeper levels, the
seawater-derived sulfate minerals started to dissolve which introduced seawater-derived
sulfate into the hydrothermal fluids. The mixing of these fluids is an effective mechanism
for the co-precipitation of the Stage 6 sulfates and sulfides.

Thermodynamic calculations of physicochemical conditions (pH, logfSs, logfO2) during
the Stage 4 bonanza grade Au mineralization were also conducted. Ore mineral
assemblage and sulfur fugacity determined from the FeS content of sphalerite at
temperatures estimated by fluid inclusion microthermometry indicate that the base
metal mineralization evolved from a high sulfidation to an intermediate sulfidation
condition. Assuming that the system is in equilibrium, the logfO: varies from -32.2 to
-37.5 atm from T = 300 to 250°C at pH = 5.11 and S = 10-2 mol/kg. Gold was mainly
transported as Au(HS):2 complex. In Kay Tanda, evidence of fluid boiling were observed.
Boiling might have caused the removal of H2S from the hydrothermal fluid, which
triggered the decomposition of Au(HS)2 complex leading to the precipitation of gold.
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