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The Laloki Strata-bound Massive Sulfide Deposit,
Papua New Guinea: Geochemical, Mineralogical,
Sulfur Isotope and Fluid Inclusion Characteristics
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The Laloki deposit is a small size (~0.36 Mt at 4.2% Cu, 2.5% Zn, 11.4 g/t Ag, and 3.7 g/t
Au) sedimentary rock-hosted massive sulfide deposit in the Astrolabe Mineral Field, Central
Province, Papua New Guinea. The area has the potential to increase its reserves because of a
number of other massive sulfide deposits in the area. A succession of Cretaceous to Miocene
weakly metamorphosed 'sedirnenfary rocks that are interpreted to have deposited on the
margin of a continental oceanic ridge back-arc basin between the Pacific oceanic terrane and
the Australian craton hosts the Laloki and the other surrounding deposits within tile Astrolabe
Mineral Field.

The massive sulfide ore occurs as a lenticular lense at a single horizon parallel to the
strata within Eocene argillite. The deposit consists of two discrete massive sulfide ore types
that represent an early- and a late-stage mineralization. The massive sulfide mineralization
occurred at an early-stage whereas brecciation and remobilization occurred at a late-stagé.
Massive pyrite-marcasite, chalcopyrite and Fe-poor sphalérite ores denote the early-stage
mineralization whereas the late-stage is denoted by brecciation of early-stage massive Cu-Fe
sulfide ores that are infilled by Fe-rich sphalerite. Late magnetite veins cross-cut early-stage
massive chalcopyrite ore. The remobilized early-stage ore clasts are coated by smaller
fragments/grains of ores, mudstone and organic matter. The deposit consists of massive
sulfide boulders at the foot-wall side and grades into coarse to fine grained sandy pyrite-
marcasite with clay materials toward the hanging-wall strata. The immediate foot-wall

sedimentary rocks that host the massive sulfide lense are not hydrothermally altered and there



is no indication of sulfide strihger zones. Pale greenish mixed layered clay, chlorite-sericite,
and microcrystalline chalcedony quartz preferentially associated with the massive sulfide

breccia ore. The immediate hanging-wall claystone is moderately silicified in places.

Microthermometric measurements of fluid inclusions in the massive sulfide bodies
indicate formation at temperatures of 170° to 326°C. The early-stage mineralization formed
from low salinity (1.2—6.3 wt% NaCl eq; mean = 3.9) sea water dominant fluids whereas the
late-stage mineralization formed from bimodal fluids, a relatively high salinity (5.9~8.4 wt%
NaCl eq; mean = 6.8) and a low salinity (1.1-2.2 wt% NaCl eq; mean = 1.7) fluids. There is
no evidence of fluid boiling in the inclusions, and based on the average fluid salinity and
temperature of homogenization, mineralization took place under a minimum water depth of
~1,000 m. Sulfur isotope (634SV_CDT) analyses of sulfide minerals from early-stage massive
sulfides indicate a wider range (—4.62%o to +6.95%0; mean = 1.02%o) values while the late-
stage show a narrow range (—1.86%o to +4.79%.; mean = 0.58%o) values closer to zero. These
small variations may reflect different processes of reduction of seawater sulfate when mixing
with magmatic fluids. The relatively higher (more positive) sulfur isotope values in early-
stage ore ‘imply that the seawater was dominant whereas the sulfur in the late-stage was
magmatic dominant. The isotopically very light (mean = —34.96%.) sulfur value from foot-
wall host rock pyrite suggests that no biogenic sulfur has been contributed to the massive
sulfide mineralization. Sulfide minerals precipitated on the seafloor from hydrothermal fluids

that vented from mounds.

The absence of (1) hydrothermal alteration m the immediate foot-wall host rocks, (2)
no well-defined sulfide interbedded horizons, (3) presence of significant variations in sulfur
isotope values between massive sulfide and foot-wall sulfides, and (4) presence of massive
sulfide clasts are evidences that the sulfides were remobilized and redeposited at the present
location distal to the main hydrothermal zone during a major tectonic event. Based on the
tectonic setting, host rock types, local geologic setting, metal grades, age, and sources of
sulfur, the Laloki deposit is classified as a sedimentary hosted massive sulfide (SHMS)
deposit derived from an oceanic ridge volcanogenic massive sulfide (VMS) seafloor

mineralization.
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