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Abstract

:

Studying elemental geochemistry of hypogene sulphides can discriminate the hydrothermal fluids responsible for ore formation. To determine whether Golpu porphyry Cu-Au deposits are related to the Nambonga North porphyry system which is located 2.5 km apart in the Wafi-Golpu Mineral District, Papua New Guinea, we compare the trace element compositions of drill core chalcopyrites and pyrites analysed using Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS). The results for the Golpu chalcopyrites revealed high concentrations of Au, As, Se, Mo, Sb, Te and Bi and lower concentrations of Ag and Zn compared to those from Nambonga. Pd and Pt were below the detection limit in chalcopyrites for both deposits. The results for the Golpu pyrites indicated high concentrations of Pt, Au, Se, Mo, Sb, and Te and lower concentrations of Cu, Zn, As, Ag, Pb, Pd and Bi compared to those from Nambonga North. Au concentrations in the pyrites from both the porphyry deposits were higher compared to chalcopyrites, which mean that pyrite is the Au-bearing sulphide responsible for the higher Au content. In contrast, Cu values in pyrites from Nambonga North are higher than those from Golpu. Overall, it is envisaged that the ore fluids were exsolved at different times during the evolution of both porphyry deposits, although these porphyry centres may be related in space and time.
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1. Introduction


Papua New Guinea’s unique geological heritage and its striking natural resources result from its location in the Southwest Pacific along the famous ‘Pacific Ring of Fire’. Porphyry Cu-Au and epithermal Au deposits are common [1,2,3] along the major magmatic arcs of the northward-moving Indo-Australian plate and the westward-moving Pacific plate [4,5,6].



The northwest trending collisional zone in the interior of mainland PNG defines the New Guinea Orogenic Belt and hosts several porphyry and epithermal deposits such as Ok Tedi, Porgera, Mt Kare, Frieda River-Nena, Wafi-Golpu, Hidden Valley and Tolukuma (Figure 1).



The metallogenesis of the porphyry and epithermal deposits is not fully understood because of the complex tectonic history and the lack of robust geological datasets over the region [6]. New trace element chemistry data of hydrothermal minerals associated with ore deposition in the region, particularly the New Guinea Orogenic Belt that hosts the Wafi-Golpu Mineral District (WGMD), can add more insights to the understanding of the metallogenesis.



The WGMD hosts the Golpu and Nambonga North porphyry Cu-Au deposits. Golpu has multi-phase, calc-alkaline, dioritic porphyries with associated epithermal and carbonate-base metal-Au deposits, whereas Nambonga North is a smaller porphyry system situated 2.5 km to the northwest. The Golpu deposit has a total resource of 830 Mt with 0.71 g/t Au, 1.1% Cu, 1.3 g/t Ag (measured and indicated grades) with an overall contained metal resource of 18.8 Moz Au, 8.7 Mt Cu and 32.6 Moz Ag [7]. The Nambonga North porphyry contains an inferred resource of 48 Mt, with a grading of 0.2% Cu and 0.69 g/t Au and with a contained metal of 1.1 Moz Au and 0.094 Mt Cu [8].



This paper focuses only on the pyrites and chalcopyrites which are the two most common Au-bearing sulphides of the Golpu and Nambonga North porphyry deposits. Although mineralisation also occurs in other mineral phases such as enargite, covellite, tennantite, pyrite and chalcopyrite are quite distinct, making them easier to work on in this study.



Using LA-ICPMS to determine their trace element compositions, we unravel the metal residence and concentrations and their elemental substitution and replacement, including closely associated mineral phases and their complexing agents. This information is also important for the mill and metallurgical processes that are required for optimal metal recovery.




2. Geological Setting


The geological evolution of Papua New Guinea is intricate with a mix of terranes comprising of sialic continental crusts, volcanic island arcs and oceanic micro-plates that have undergone fold-and-thrust belt deformation, metamorphism, magmatism, ophiolite obduction, uplift and sedimentation [4,5,9,10,11,12,13,14]. Papua New Guinea has experienced major tectonic reconstructions since the start of the break-up of Gondwana in the Triassic period and continues to do so because of its location at the centre of the northerly moving continental Indo-Australian plate and the west-north-westerly moving oceanic Pacific plate [14,15,16]. How these large and exquisite Cu- and Au-mineralised porphyries formed on the island of New Guinea during the geological evolution has been a topic of debate for many decades. As new scientific data becomes available, our knowledge and understanding of porphyry deposits continues to improve [17]. Situated in the New Guinea Orogenic Belt, the geology of the WGMD has been reported in many company reports and publications e.g., [18,19,20,21] and is generally summarised in this paper.



2.1. Stratigraphy


The oldest rocks are Jurassic to Cretaceous in age and belong to the Owen Stanley Metamorphic Complex (OSMC) units. The units consist of interbedded siltstone, sandstone and conglomerate and shale; shale is carbonaceous in parts. These rocks have been regionally metamorphosed to greenschist facies, are weakly to moderately foliated with a northerly strike and dip 40–60° to the east-southeast.



Middle Miocene Langimar Beds unconformably overlie the basement in the west. The Beds are comprised of volcanolithic pebble to cobble conglomerate with a tuffaceous matrix, silty sandstone, interbedded marl, mudstone, and lenses of detrital limestone, including lavas and pyroclastic units of basaltic to andesitic composition.



The Pliocene Babwaf Formation lies unconformably on the basement in the west. The Formation includes poorly sorted, weakly consolidated polymictic conglomerates, sandstones and siltstones.



Holocene and Quaternary Deposits fill depressions and cover topographic highs throughout the district. The Wafi Conglomerate occurs in the east and constitutes a sequence of unconsolidated conglomerate, gravel, sand, siltstone, clay and organic material.




2.2. Structures


The two major structural trends in the region surrounding WGMD are the northwest to north-northwest striking, arc-parallel (accretionary) structures and the northeast to north-northeast trending, arc-normal (transfer) structures [1,2,10]. These structures developed in response to the oblique plate convergence of the Indo-Australian plate and the Pacific plate, which created isoclinal folding, thrust faulting and sinistral transverse faulting parallel to the thrust direction [2].



The north-northwest striking structures are extensional faults related to the Wandumi and Watut Faults in the southern Wau Basin, a region that hosts the Morobe Goldfields (Figure 2). The arc-normal structures developed due to the east-southeast-directed compression of the northwest-moving Pacific plate against the Indo-Australian plate, which also generated isoclinal folding and thrust faulting. The Golpu and Nambonga North porphyries are controlled by the northeast to north-northeast striking faults. Rafferty’s Fault and Dokaton Fault bound the Golpu porphyry deposit and its associated intrusive phases to the east and west, respectively (Figure 3).




2.3. Intrusions of the Golpu and Nambonga North Porphyry Centres


The Golpu intrusive phases are bounded by Rafferty’s Fault in the east and Dokaton Fault in the west. At the time of the study, the Golpu intrusions were classified as the Main Golpu porphyry, Golpu West porphyry and Golpu North porphyry based on the textural and mineralogical characteristics (C. Muller, personal communication; 9 April 2010). The Golpu composite porphyry suite extends over about 800 m north-south by 500 m west-east, and was drill tested to a depth of more than 2000 m [8]. The Main Golpu porphyry is rich in quartz and feldspar. The Golpu West porphyry is directly west of and is more feldspar-rich than the main Golpu porphyry. The Golpu North porphyry is located at the northern margin of the main Golpu porphyry and is rich in hornblende.



Nambonga North is a quartz and feldspar-rich diorite porphyry similar to the Main Golpu porphyry located 2.5 km northwest of the Golpu intrusions. It intrudes both the OSMC units and Babwaf Formation and covers an area of about 200 × 200 m with a vertical extent of at least 800 m [8]. The diorite porphyry hosts the porphyry-related alteration-mineralisation with a minor high sulphidation overprint and argillic alteration assemblages [8].




2.4. Other Intrusive Suites


The Wafi Diatreme is a phreato-magmatic breccia or maar-related breccia pipe with steeply dipping, northeast-oriented margins that are vented to the surface west of the Golpu porphyries. The diameter of the diatreme is about 2 km from the north-northeast to south-southwest direction. The diatreme is comprised of intrusive, sedimentary, volcaniclastic and tuffaceous rocks, which are poorly sorted, matrix-supported and heterolithic with clasts sizes not greater than 10 mm in diameter. The rock fragments include sub-rounded shale clasts, weakly bedded siltstone, undifferentiated metasedimentary rocks and crystals of quartz and feldspar in a matrix of fine-grained hydrothermally altered clays and fragments of quartz vein material.



The Wafi Dacite porphyry intrudes the Wafi Diatreme and Golpu porphyries in the east as small dikes. This porphyry is fine- to medium-grained and is comprised of quartz and feldspar phenocrysts. It also hosts discrete quartz and pyrite veins and can be termed as a late-mineral dike.



The Hekeng Andesite porphyry is situated south-southwest and south-southeast of the Golpu porphyries and the Wafi Diatreme, respectively. Similar to the Golpu porphyries, it is bounded by the Rafferty’s and Dokaton Faults, and cross-cuts the Wafi Diatreme and Wafi Dacite porphyry. The andesite porphyry is fine- to medium-grained, is partly brecciated and denotes a late- to post-mineral intrusive phase. Kaolinite alteration is predominant.




2.5. Alteration and Mineralisation


The Golpu and Nambonga North porphyries are comprised of central early potassic (quartz-magnetite-secondary biotite ± K-feldspar ± anhydrite) cores grading into propylitic (actinolite-chlorite-epidote-carbonate ± magnetite) alteration; pervasive phyllic (quartz-sericite-pyrite) alteration variably superimposes earlier-formed alteration types (Figure 4). The minerals associated with the potassic alteration are pyrite, chalcopyrite, bornite and molybdenite. The phyllic-related mineralisation is defined by pyrite-chalcopyrite-molybdenite mineral assemblage.



The Wafi high sulphidation epithermal alteration-mineralisation consists of A and C Zones and is spatially, temporally and genetically related to the Golpu porphyry deposit (Figure 3). The earlier formed hydrothermal alteration is zoned from silica-alunite (advanced argillic) to kaolinite-dickite-pyrophyllite (intermediate argillic) to illite-smectite (argillic) mineral assemblages. The late-stage mineralisation is characterised by the presence of enargite-covellite-tennantite-pyrite-arsenopyrite mineral assemblage and is comprised predominantly of refractory Au in arsenopyrite and arsean pyrite, including some pyritic phases.



The low sulphidation epithermal alteration-mineralisation is comprised of B and Link Zones and is located at the southeastern margin of the Wafi Diatreme. The zones consist of quartz veins with illite-smectite-chlorite-carbonate alteration selvages and pyrite ± marcasite mineralisation. The veins are cross-cut by more than one generation of pyrite-sphalerite-galena-carbonate mineral assemblages.



Several carbonate-base metal ± Au zones (i.e., Western, Malaria, Nambonga and Hesson Creek) occur at the marginal areas of the two porphyry Cu-Au deposits. These zones are considered to have formed through wall-rock interaction and/or the mixing of the magmatic-hydrothermal fluids derived from the source porphyry intrusion(s).



Supergene fluids have formed an oxide-hosted cap at the top, which is underlain by a weakly developed enrichment blanket consisting of secondary chalcocite and covellite. Iron oxides, quartz and alunite are the predominant minerals in the oxidised horizon.





3. Trace Element Geochemistry of Pyrite and Chalcopyrite


3.1. Sampling Method and Analytical Procedures


The trace element geochemistry of pyrite and chalcopyrite was determined using LA-ICPMS at the Friedrich Alexander University, Erlangen, Germany. The trace elements measured for the pyrites were Pd, Pt, Au, Cu, Zn, As, Se, Mo, Ag, Sb, Te, Pb and Bi. The measurements comprised samples from the Main Golpu porphyry (n = 39), Golpu West porphyry (n = 40), Golpu North porphyry (n = 50) and Nambonga North porphyry (n = 36). The trace elements measured for chalcopyrites were Pd, Pt, Au, Zn, As, Se, Mo, Ag, Sb, Te, Pb and Bi (excluding Cu). The measurements included samples also from the Main Golpu porphyry (n = 29), Golpu West porphyry (n = 28), Golpu North porphyry (n = 19) and Nambonga North porphyry (n = 38).



Calibration was completed using external standards Po724 B2 SRM (Sulphide Standard, Memorial University Newfoundland) for Pd, Pt and Au and Mass-1 (Polymetal Sulphide Standard, United States Geological Survey) for Cu, Zn, As, Se, Mo, Ag, Sb, Te, Pb and Bi, respectively. A single spot with a 25 µm crater-diameter was analysed by a time-resolved analysis method with the measurements taken at the maximum peak and at a 15 Hz repetitive rate. A few smaller grains were also analysed using a 15 to 20 µm crater size. The analysis time was 20 s after a 20 s instrumental background analysis (carrier gas + LA-ICPMS). The carrier gases of the Agilent 7500i were He and Ar and the Plasma power was 1310 W.




3.2. Analytical Results


The trace element results of the pyrites and chalcopyrites are shown in Appendix A and Appendix B, respectively. Logarithmic plots of the trace element concentrations of the pyrites are shown in Figure 5. The Main Golpu porphyry had 39 pyrite analyses where 13 of them were below the detection limit (<11–13 ppb Au) and the highest Au content was 23,700 ppb. The Golpu West porphyry had 40 Au pyrite analyses; 25 of these analyses were below the detection limit (<9–18 ppb Au) and the highest Au content was 4910 ppb. The Golpu North porphyry had 50 Au analyses of pyrite where 21 of them were below the detection limit (<8–24 ppb Au) and the highest Au content was 5580 ppb. The Nambonga North porphyry had 36 Au analyses of pyrite; seven of these analyses were below the detection limit (<1–12 ppb Au) and the highest Au content was 143,000 ppb.



Similarly, Figure 6 shows the logarithmic plots of the trace element concentrations of the chalcopyrites. The Main Golpu porphyry had 29 Au analyses of chalcopyrite; 17 of the analyses were below the detection limit (<20–35 ppb Au); the Au content was up to 530 ppb. The Golpu West porphyry had 28 Au analyses and 16 of them were below the detection limit (<19–43 ppb Au); the Au content was up to 160 ppb. The Golpu North porphyry had 19 Au analyses and eight of the analyses were below the detection limits (<20–34 ppb Au); the Au content was up to 1340 ppb. The Nambonga North porphyry had 38 Au analyses and 26 of them were below the detection limit (13 to 28 ppb Au); the highest Au content was 2300 ppb.



The Au in pyrite and chalcopyrite, together with the bulk-rock Au content, was evaluated using cumulative frequency plots and a geometric mean that was derived by taking into account those data below the analytical detection limit (Figure 7). The data revealed an approximate log-normal distribution of the Au concentration in the Main Golpu porphyry, Golpu West porphyry, Golpu North porphyry and Nambonga North porphyry.



The Main Golpu porphyry had a mean of 300 ppb Au (27–3000 ppb; 1 σ range variation) for pyrite (n = 26) and a mean of 48 ppb Au (34–90 ppb) for chalcopyrite (n = 12). The bulk-rock Au concentration for the Main Golpu porphyry (n = 7) had a mean of 550 ppb Au (200–1600 ppb; 1 σ range variation). The Golpu West porphyry had a mean of 200 ppb Au (28–1600 ppb; 1 σ range variation) for pyrite (n = 15) and 60 ppb Au (44–140 ppb; 1 σ range variation) for chalcopyrite (n = 12). The bulk-rock Au concentration for the Golpu West porphyry (n = 19) had a mean of 550 ppb Au (170–1800 ppb; 1 σ range variation). The Golpu North porphyry had a mean of 82 ppb Au (17–450 ppb; 1 σ range variation) for pyrite (n = 29) and 140 ppb Au (32–550 ppb) for chalcopyrite (n = 11). The bulk-rock Au concentration for the Golpu North porphyry (n = 13) had a mean of 160 ppb Au (60–350 ppb; 1 σ range variation). The Nambonga North porphyry had a mean of 1700 ppb Au (75–30,000 ppb; 1 σ range variation) for pyrite (n = 29) and 50 ppb Au (10–180 ppb) for chalcopyrite (n = 12). Its bulk-rock (n = 6) Au concentration had a mean of 700 ppb Au (200–2500 ppb; 1 σ range variation). The distribution shows that Au in the pyrites from the Nambonga North porphyry is higher than those from the Main Golpu porphyry, Golpu West porphyry and Golpu North porphyry.



The approximate log-normal mean Au concentrations in pyrite and the approximate log-normal mean Au concentration in the bulk-rock for each of the porphyries are plotted in Figure 8A. Note that these means represent the geometric means. The mean Au concentration in both the pyrite and bulk rock is the highest for the Nambonga North porphyry whereas the Golpu North porphyry has the least mean Au contents. The Main Golpu porphyry has slightly higher mean Au in the pyrite than Golpu West porphyry while the mean Au in the bulk-rock of both porphyries is the same. The approximate log-normal mean Au concentration in chalcopyrite and the approximate log-normal mean Au concentration in the bulk-rock for each of the porphyries are plotted in Figure 8B. It is apparent that the Golpu North porphyry has the highest mean Au in chalcopyrite compared to the other porphyries, whereas the Nambonga North porphyry has the highest mean Au in the pyrite.



A close inspection of the pyrites at the Nambonga North porphyry deposit reveals two distinct generations. The two pyrite generations have similar vein mineralogy but discrete morphological textures which also correspond to the differences in their Au contents.



The first pyrite type, found in Sample N1, is from the diamond drill hole WR272 and is found at a depth of 396.00 m. The sample is a diorite that is pervasively altered by K-feldspar-sericite-chlorite mineral assemblage cross-cut by sheeted quartz veins and quartz stock-work, both of which are superimposed by magnetite-chalcopyrite-pyrite as veins, dissemination and fracture-fill. Hence, the first pyrite type is present as infill in a 2 cm-wide quartz ± magnetite ± pyrite ± chalcopyrite vein (Figure 9). It forms granoblastic to idiomorphic textures which precipitated from the magmatic-hydrothermal fluids.



The second pyrite type in Sample N10 is from the same diamond drill hole but was collected at a depth of 294.30 m, a shallower depth than N1. The intrusive type, alteration minerals and sequence of alteration–mineralisation are the same as those of Sample N1. The second type of pyrite also occurs in 1 to 2 mm-wide quartz-magnetite ± chalcopyrite ± pyrite veins (Figure 10). It is platy, tabular and lamellar in shape and is formed as pseudomorphic replacement of hematite, i.e., by a sulphidation reaction that is similar to the replacement of magnetite by pyrite. The pyrites in Sample N10 are variably replaced by chalcopyrite along their grain boundaries.



The coexistence of both N1 and N10 pyrites suggests several stages of deposition, and the pseudomorphic pyrite (N10) seems to be the most favourable for Au fixation.



Figure 11 shows the logarithmic plots of the trace element concentrations of the pyrites from the Nambonga North porphyry; bulk-rock Au is used as an arbitrary reference. A total of 31 pyrites analysed from five samples from the drill hole WR272 were assessed.



Sample N10 (294.30 m) had nine pyrite analyses and the highest Au value was 143,000 ppb. Sample N11 (309.50 m) had only three pyrite analyses, of which the highest value was 787 ppb Au. Sample N5 (376.30 m) had six pyrite analyses and the highest Au value was 6870 ppb. Sample N1 (396.00 m) had seven pyrite analyses, of which five were below the detection limit (11 to 12 ppb Au) and the highest value was 109 ppb Au. Sample N16 (506.80 m) had six pyrite analyses, one of which had the highest value of 6870 ppb Au. The highest Au values occurred at the shallowest depths (N10; ≤294.30 m) and the lowest Au values occurred at a greater depth (N16; 506.80 m). There was a positive correlation of Au and Cu and Au with Ag in all the samples. The Pd, Pt, Mo, Cd, Te, Se, Sb and Pb abundances appear to show similar distribution patterns. However, the As, Bi and Zn data showed an odd depletion in sample N10 (sample at shallow depth).



For a quantitative evaluation of the Au contribution in pyrite to the bulk-rock Au content in each porphyry system, the maximum possible amount of pyrite in each system was calculated using the sulphur (S) concentration in the bulk-rock analyses multiplied by the stoichiometric molar ratio in pyrite of FeS2/S2. This calculation gives only an upper limit, as there are other but less abundant S-bearing minerals in the system (anhydrite, chalcopyrite, marcasite, sphalerite, molybdenite and galena). Overall, there seems to be no correlation between the calculated Au concentration in the pyrite and the Au content in the bulk-rock, as shown in Figure 12.



The pyrite from the Main Golpu porphyry provides about 16 ppb Au to the bulk-rock (5.34 wt% pyrite × 550 ppb Au in pyrite) which is about 3% of the total Au in the bulk-rock. The pyrite from the Golpu West porphyry supplies about 6.7 ppb Au (3.35 wt% pyrite × 550 ppb Au in pyrite) which is about 1% of the total Au in the bulk-rock. The pyrite from the Golpu North porphyry contributes about 6.5 ppb Au (7.93 wt% pyrite × 160 ppb Au in pyrite) which is about 4% of the total Au in the bulk-rock.



The pyrite from Nambonga North porphyry contributes about 63 ppb Au to the bulk-rock (3.72 wt% pyrite × 1700 ppb Au in pyrite) with a mean of 700 ppb Au. This is about 9% of the total Au in the bulk rock.



This mass balance shows that more than 90% of the Au in each of the porphyries comes from elsewhere, apart from pyrite. Considering this and taking into account the low Au concentration in the chalcopyrite, there must be a third Au-carrier in the porphyries. The third Au-carrier is most likely sub-microscopic native Au observed as aggregates and inclusions.





4. Discussion


4.1. Implications of the Trace Element Composition of Pyrite


The trace elements of pyrite from the Main Golpu, Golpu West and Golpu North porphyries display no significant correlation except where a high content of Au exists. High Au contents are associated with high Cu (e.g., Sample G22 from Main Golpu: WR331, 1214.20 m). This pyrite is associated with the potassic alteration. Locally, a high Au content is also associated with high As, Ag, Te and Bi contents (e.g., Sample G17 from Main Golpu: WR331, 1481.00 m). This element association may be pyrite that was deposited by high sulphidation fluids. At the Golpu West porphyry, high Au contents correlate positively with high Cu and Ag contents; Bi content is locally high too (e.g., Sample G6: WR327A, 756.40 m). Such a correlation may be indicative of pyrite deposited during phyllic alteration. There are instances where a high Au content correlates well with high Cu, As, Ag, Te and Bi contents (e.g., Sample GW15: WR321, 941.20 m). This relationship identifies pyrite deposited by high sulphidation fluids that remobilised and redeposited elements deposited during the porphyry stage. Sample GN23 (WR351, 957.00 m) from Golpu North reveals a positive correlation between high Au, As, Sb, Te and Bi contents with local high Cu contents, suggesting pyrite deposition by high sulphidation fluids. In all, fluids associated with potassic, phyllic and high sulphidation alteration types are differentiated from the local overprint of porphyry-related mineralisation by high sulphidation fluids.



Nambonga North pyrites show a positive relationship between Au, Cu, As and Ag contents. High Au contents correspond to high Cu, As and Ag contents (e.g., Sample N10: WR272, 294.00 m). In addition, high contents of Sb, Te and Bi are associated with the elements mentioned above (e.g., Sample N11: WR272, 376.30 m). This relationship is considered to be associated with pyrite deposited during phyllic alteration, implying that there is a high potential of remobilising and redepositing elements deposited during the Potassic-associated mineralisation. It can also be inferred that the Au and Cu deposited immediately after phyllic alteration were transported as bisulphide complexes.



The pyrite generations at Nambonga North show that high Au grades are associated with the phyllic alteration assemblage and a particularly negative correlation of the Au is displayed by As, Bi and Zn. Some studies show that Au is spatially associated with the enrichment of local As in pyrite grains [22,23,24]. Research on the As and Au intake of the arsenic-rich pyrite, marcasite and arseno-pyrite in sediment-hosted Au deposits at Carlin in Nevada (USA) revealed that Au is removed from the ore fluids by chemosorption at As-rich and Fe-deficient surface sites and is incorporated into the solids in a metastable solid solution [25]. However, this is not usually common since the Au hosted in the pyrite from Yangzhaiyu lode Au deposit in China is associated with Te and not with As [26]. As noted above, it is evident here that the As-deficient pyrite associated with the phyllic alteration at Nambonga North is enriched in Au. Hence, this is indicative of pyrite metal speciation and partitioning e.g., ref. [27] where in this case the granoblastic textured pyrite detected lower Au and deficient As whereas the platy, prismatic and lamellar textured pseudomorphic pyrite has a higher Au content and is rich in As.




4.2. Implications of Trace Element Composition of Chalcopyrite


Main Golpu chalcopyrites have relatively low Au contents and elevated Ag and Te contents, including Bi found locally (e.g., Sample G21: WR331, 1214.20 m). It is most likely that these chalcopyrites were deposited during potassic alteration. Local High Au content correlates with high As, Ag, Sb, Te and Bi contents, indicating a possible deposition of the chalcopyrite during phyllic and/or chlorite-sericite alteration during boiling and metal precipitation. Golpu West and Golpu North have trace element compositions that are similar to Main Golpu. Therefore, the interpretation of Main Golpu can be applied to both Golpu West and Golpu North.



An analysis of Nambonga North chalcopyrites shows that there are no clear relations between the elements; although few elements appear to correlate positively, there is no consistency. Locally high Au content is positively correlated with high As, Ag, Te and Bi contents. This mineral association can be interpreted as being related to the deposition of chalcopyrite during phyllic and/or chlorite-sericite alteration types.



A quantitative evaluation of the Au contribution from the pyrite to the bulk-rock Au content in each porphyry system shows that 90% comes from elsewhere. This means that Au is in the other sulphides such as bornite and is present as native Au. Figure 13 shows the graph of the Au versus Cu contents of large porphyry deposits in the Circum-Pacific region. The Cu content in the Golpu porphyries plots below the Grasberg deposit in Indonesia and above the Bingham deposit in USA, Batu-Hijau in Indonesia and Panguna and Ok Tedi in PNG. The Au content of the Golpu porphyry deposit is also slightly higher than Ok Tedi and Batu-Hijau. However, the Nambonga North Au is higher than all three deposits including the Cadia Hill deposit in Australia. As alluded to earlier, the high Au content was deposited during the phyllic alteration assemblage and/or the chlorite-sericite alteration.



Sulphur isotope studies confirmed that the high Cl contents corresponded to fluid inclusions with high salinity brines ranging between 40 and 74 wt%, with the NaCl equivalents trapped in quartz formed during potassic alteration at 423 to 600 °C [28]. While the presence of chlorine implies that the magmatic-hydrothermal fluids depositing secondary biotites and phlogopites during the potassic alteration were enriched in chloride ions and saline, the magmatic–hydrothermal fluids also transported Au as chloride complexes.



Similar to the study undertaken by [27] and as the hydrothermal pyrite suggests, Cu and Au occur as micro- to nano-sized particles of chalcopyrite and native Au (or Au tellurides) while As occurs as a structurally bonded element in pyrite. Hence, this clearly confirms that pyrite controls metal speciation and partitioning during porphyry Cu mineralisation [27].




4.3. Porphyry-Related Alteration and Mineralisation


4.3.1. Potassic Alteration


Potassic alteration is comprised of secondary biotite-quartz-magnetite ± K-feldspar ± anhydrite mineral assemblage. Secondary biotite is paragenetically the earliest mineral to be deposited, followed by quartz veinlets, magnetite ± quartz and anhydrite ± quartz. Quartz gradually forms dense stock-work or occurs as sheeted veins with K-feldspar selvages. Most quartz veins correspond to A-, B- and D-type veins e.g., ref. [29], which are characterised by secondary biotite-quartz-magnetite-anhydrite-chalcopyrite-pyrite, quartz-molybdenite-pyrite ± anhydrite and quartz-sericite-chalcopyrite-pyrite mineral assemblages, respectively. Some of the ear-liest quartz veins are pale gray to grayish white, sinuous, associated with abundant magnetite, local plagioclase halos, barren of infill minerals and are cross-cut by late mineralised quartz veins; the former quartz veins could be a variant of the A-type vein or correspond to the M-type vein e.g., ref. [30].




4.3.2. Propylitic Alteration


The propylitic alteration was formed at about the same time as the potassic alteration via heat transfer but in a peripheral area [2]. This alteration type is subdivided into inner propylitic and outer propylitic based on the predominance of actinolite-epidote and chlorite-carbonate (mostly calcite), respectively, as index minerals [31]. The mineral assemblage of porphyry-related propylitic alteration is similar to that of sub-greenschist to greenschist metamorphic facies of the OSMC, making differentiation very difficult.




4.3.3. Chlorite-Sericite Alteration


Paragenetic work suggests that chlorite-sericite alteration may occur or is transitional between potassic and phyllic alteration [32]. It is considered to have formed after potassic alteration but before phyllic alteration. Chlorite replaces mafic minerals and sericite replaces plagioclase. Both mineral species are disseminated and fracture controlled. The condition and sequence of the formation of chlorite-sericite alteration in the evolution of the porphyry Cu system is similar to that described in [33].




4.3.4. Phyllic Alteration


The volatiles released during retrograde boiling (induced by the fracturing of the carapace or the cupola of the cooling porphyry) subsequently condensed upon interaction with groundwater. The condensated fluid attained its acidity due to the presence of HCl ± SO2 gas(es) and formed phyllic alteration as it migrated downwards, overprinting the potassic and inner propylitic alteration zones. The phyllic alteration is comprised of quartz, sericite and pyrite, and is accompanied by varying amounts of chlorite and illite. The occurrence of sericite indicates a pH of 4–5.




4.3.5. Relation of the Wafi High Sulphidation Au Deposits to the Golpu Porphyry Cu-Au System


Highly acidic, oxidised fluids generated after the formation of the potassic alteration produced a downward zonation from vuggy silica/quartz, to advanced argillic (vuggy silica-alunite ± pyrophyllite), through intermediate argillic (dickite-kaolinite ± sericite ± illite) and to argillic (smectite-illite-chlorite ± carbonate) zones at deeper depths [34]. This zonation indicates an increasing pH, a decreasing temperature and increasing wall-rock dilution as the acidic fluids condensed from rising magmatic volatiles that migrated downwards via fractures, fracture systems or faults [2]. Figure 14 is a diagram showing the paragenesis of the porphyry-related alteration-mineralisation in the Golpu and Nambonga North porphyry Cu-Au deposits.



Deposition of Au occurred after the high sulphidation alteration. Most (refractory) Au resides in arsenic-rich pyrite and minor enargite-luzonite in the intermediate argillic zone e.g., ref. [34]. Such an occurrence is unusual because most of the Au is in the central vuggy silica of similar deposits such as Lepanto in the Philippines e.g., ref. [35], Nena in PNG e.g., ref. [36] and Nansatsu in southern Kyushu Island, Japan e.g., ref. [37]. Therefore, Au was transported by magmatic volatiles exsolved via boiling to permit deposition due to condensation and the chemical reaction with previously acid altered wallrocks in the intermediate argillic zone cf., [38].



Sulphur isotope signatures of chalcopyrite and chalcopyrite-pyrite at Golpu range from 0.23 to 0.60 δ34S; the sulphur isotope signatures of anhydrite and chalcopyrite-pyrite at Nambonga North are 10.06–11.74 δ34S and 2.16 δ34S, respectively [28]. The range of sulphur isotope signatures approaches zero, which implies that sulphur and mineralising fluids were derived from a magmatic source. It also means that metals such as Cu and Au are of magmatic origin too e.g., [39]. The anhydrite-chalcopyrite and anhydrite-pyrite mineral pairs from Nambonga North are considered to be in chemical equilibrium and estimate sulphur isotope fractionation temperatures of 551–634 ± 40 °C and 522–603 ± 40 °C, respectively [28], estimating the temperature of Cu–Au mineralisation at Nambonga North. Under such a high temperature range (i.e., >350 °C), Cu and Au at Nambonga North and by inference Golpu, would be mostly transported as chloride complexes such as AuCl2− [39]. However, bisulphide complexes may be the main carriers of Au and Cu during sericite-chlorite and quartz-sericite-pyrite alteration events if the temperatures were less than 500–300 °C. This means the potassic-related Au and Cu would be remobilised, transported as a bisulphide complex (e.g., Au(HS)2−, [39]) and redeposited.






5. Conclusions


The porphyry-related alteration and mineralisation are centred at the Golpu Porphyries and Nambonga North Porphyry, which are separate porphyry systems but cooling intrusions responsible for supplying magmatic-hydrothermal fluids may be sourced from the same, larger magma chamber at depth. Although the characteristics of the alteration-mineralisation are similar, there are some major differences. The Golpu porphyry deposit has a diatreme emplaced before the expulsion of the highly oxidised, magmatic-hydrothermal fluids and late high sulphidation epithermal system. In contrast, Nambonga North has no diatreme and high sulphidation epithermal alteration–mineralisation.



Copper-gold mineralisation at both the porphyry centres is characterised by pyrite-chalcopyrite-bornite-gold-molybdenite mineral assemblage that is hosted in sheeted quartz veins and fractures. Pyrite and chalcopyrite are the main ore minerals. Native Au also occurs as minute inclusions in chalcopyrite, pyrite and bornite. Most ore mineralisation is closely associated with and occurred after the potassic alteration. Some of the Au and Cu deposited after the potassic alteration were remobilised and re-deposited as components of the mineralisation associated with the sericite-chlorite and/or phyllic alterations.



Petrographic studies and age dating [32] including the sulphur isotope studies [28] confirm that the Wafi high sulphidation epithermal Au deposit overprints and is spatially, temporally and genetically related to the Golpu porphyry system. Similar observations have been noted by previous investigators such as [18,20,33,40].
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Appendix A. LA-ICPMS Results from the Pyrite Samples from the Golpu and Nambonga North Porphyry Deposits, WGMD, PNG
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Figure A1. LA-ICPMS trace element results of pyrite (all results are in ppm). 
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Appendix B. LA-ICPMS Results from the Chalcopyrite Samples from the Golpu and Nambonga North Porphyry Deposits, WGMD, PNG
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Figure A2. LA-ICPMS trace element results of chalcopyrite (all results are in ppm). 
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Figure 1. Location of some intrusion-related Cu and Au deposits in Papua New Guinea. The WGMD, represented by the Wafi-Golpu mineralized systems, is located west-southwest of Lae and north-northwest of the Hidden Valley mine. 
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Figure 2. Regional geology of the Bulolo-Wau area, Morobe Province, Papua New Guinea (Lunge, 2013). Red dot in EL440 Mt Wanion indicates the location of the WGMD. 
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Figure 3. Plan view showing the Golpu porphyries, Nambonga North porphyry and Wafi Diatreme in the WGMD. Other intrusive suites have not been displayed. 
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Figure 4. Geological cross-section of the Golpu and Nambonga North porphyry systems. Age dating results are from Lunge (2013). The mineral resources estimates were taken from the Newcrest Mining Limited Technical Report (2020). 
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Figure 5. Log-plots of the trace element concentrations in the pyrite samples from the Nambonga North and Golpu porphyries, (A) Au versus Cu, (B) Au versus As, (C) Au versus Bi, (D) Au versus Pb, (E) Au versus Zn, (F) Au versus Mo, (G) Au versus Sb, (H) Au versus Ag, (I) Au versus Pd, (J) Au versus Pt; (K) Au versus Se, and (L) Au versus Te. MDL is abbreviated for Minimum Detection Limit. The full results are shown in Appendix A. 
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Figure 6. Log-plots of the trace element concentrations in the chalcopyrite samples from the Nambonga North and Golpu porphyries, (A) Au versus As, (B) Au versus Bi, (C) Au versus Pb, (D) Au versus Zn, (E) Au versus Mo, (F) Au versus Sb, (G) Au versus Ag, (H) Au versus Pt, (I) Au versus Pd, (J) Au versus Se, (K) Au versus Te, and (L) Au versus Cd. MDL is abbreviated for Minimum Detection Limit. The full results are shown in Appendix B. 
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Figure 7. Cumulative frequency graphs of LA-ICPMS Au measurements in pyrite, chalcopyrite and bulk-rock, (A) Main Golpu porphyry; (B) Golpu West porphyry; (C) Golpu North porphyry; and (D) Nambonga North porphyry. 
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Figure 8. Geometric mean for the Au distribution of pyrite and chalcopyrite compared with the geometric mean Au values of the bulk-rock from the Golpu, Golpu West, Golpu North and Nambonga North porphyries. (A) Au in pyrite, and (B) Au in chalcopyrite. Dashed line defines 1σ variation range. 
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Figure 9. Photomicrograph of pyrite crystals from sample N1 (i.e., drill hole = WR272, depth = 396.00 m). Pyrite crystals commonly have granoblastic textures. 
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Figure 10. Photomicrograph of pyrite crystals from sample N10 (i.e., drill hole = WR272, depth = 294.30 m). Pyrites in sample N10 have platy, prismatic and lamellar textures. The textures indicate a pseudomorphic replacement of a hexagonal mineral, most likely hematite. Note that the pyrite is overgrown and is replaced by late chalcopyrite. 
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Figure 11. Log-plots of the trace element concentrations in the pyrite samples from drill hole WR272 at the Nambonga North porphyry deposit, (A) Au versus Cu, (B) Au versus As, (C) Au versus Bi, (D) Au versus Pb, (E) Au versus Zn, (F) Au versus Mo, (G) Au versus Sb, (H) Au versus Ag, (I) Au versus Pd, (J) Au versus Pt, (K) Au versus Se, and (L) Au versus Te. The bulk-rock chemical data for the Nambonga North porphyry is also plotted. 
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Figure 12. Log-plot of pyrite versus Au in the bulk-rock sample from the Main Golpu, Golpu West, Golpu North and Nambonga North porphyries. 
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Figure 13. Contents of Au and Cu for the largest Au-rich porphyry Cu deposits in the Circum-Pacific region (Slightly modified after Sillitoe, 1997). All deposits contain >200 t of Au. 
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Figure 14. Interpreted paragenesis of the porphyry-related alteration and mineralization (from Lunge, 2013). (A) Golpu porphyry Cu-Au deposit, and (B) Nambonga North porphyry Cu–Au deposit. 






Figure 14. Interpreted paragenesis of the porphyry-related alteration and mineralization (from Lunge, 2013). (A) Golpu porphyry Cu-Au deposit, and (B) Nambonga North porphyry Cu–Au deposit.



[image: Geosciences 11 00335 g014]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file56.jpg
Domte
;:"m«
Epete

Tetmorpne Event

Foray Event

T saaaton Even

Il

Seperaene vt

s

e
Soemie
S
e
b=
Crire
Epaae

T B

P Eve

I

Key:






media/file8.jpg
[Localty _[continue: Nambonga North

[sample Mo 16 (wR272 5[ (wR2so, 744 6m)

I

[P PR PR N PR Y

eu o o0 w0 0em w0 oxs
lzn M o 0w om  awm o om
e o0 wm 0w oo 000 om wr
ca oo oo om om oo
s o7 w0 ome 0w aon oo 09

e 0w oo lorz om 0@ oo oo

s an am om 0w om os os

o oo oo o oo 009 ooe






media/file48.jpg
e s

%’.l Rio Wiz o i &/





media/file27.png
Locality

|GN16 (WR342, 625m)

N10 (WR272, 294.3m)

Analysis No.h

s

[s

[z

s

1

[GN7 (WR342, 710m)
[

[2

[s

s

[s

s

hu

4

3 4 1 2 3
Pd 0098 0036 027 0#M5 0039 0079 0.25 0070 0066 <0040 <0051 <0056 0050 0093 <0037 0.52 [0064 0.85 052  0.081
Pt <0029 <0029 <0027 <0056 <0035 <0035 <0045 <0.046 <0040 <0.059 <0.053 <0066 <0039 <0044 <0039 <0.047 [0036 <0.029 <0.022 <0.034
Au 0031 <0020 0038 <0028 <0023 0035 0072 0.29 0252 007 <0.034 <0034 0389 0081 140 0.172 <0.020 230 2.4 <0.022
Cu - - - - - - - - - - - - - - - - - - - -
Zn 588 ua 477 99 263 387 27 493 ©6 12 80 419 15 %6 297 2% 344 589 506 428
As <0433 <0363 <0473 292 <0468 <0440 <0405 0675 0795 137 17 52 0665 <0338 339 104 <04% 207 94 <0.378
Se 03 B7 29 B9 58 04 09 m 825 97.7 85.7 ©8 09 954 05 62 277 B3 1 771
Mo <059 0093 <012 <0208 0646 <026 <0077 <0.095 <0095 <0.59 <0233 <0.W4 <024 <0086 <0.B7 <016 [<0.1B <0.1M  <0.067 <0.109
Ag 0359 0481 0403 0678 <00® 04%B 434 09 A1 5.34 53 1% 89 406
cd 274 206 294 163 168 287 287 104 189 2.0 189 101 163 263 0510 197 228 447 3.80 459
Sb <0044 0324 <0041 183 0365 0046 <0038 0301 0428 048 002 148 0057 069 0740 0248 [0879 106 08 0.62
Te <0.76 0322 059 0420 020 0353 0283 0231 03# <085 0304 0340 0324 0601 <0.73 0688 [<0.24 292 332  <0.B7
Pb 372 334 271 645 210 220 56.1 36.8 85 4.9 9.2 268 73 87.3 224 246 204 449 501 305
Bi 0202 0810 163 2.5 0625 0425 0227 0.8 0.14 0397 0.18 101 0095 0538 482 0.08 <001 0458 0464 0043
Minimum Detection Limit
Pd 0032 0029 0023 0036 0029 0034 0029 0035 0036 0040 0051 0056 0028 0031 0037 0046 [0028 008 007 0027
Pt 0029 0029 0027 0056 0035 0027 0045 0046 0040 0059 0053 0066 0039 0044 0039 0047 [0024 0029 0022 0034
Au 008 0020 00% 0028 0023 0021 0023 0022 0024 0031 0034 0034 0026 007 009 0025 [0020 008 0065 0022
Zn 0656 0562 0608 0801 0628 0599 0577 0656 0557 0764 0797 081 0590 0553 0621 0738 0639 0595 0472 0675
As 0433 0363 0473 0644 0468 0440 0405 0595 0437 0605 0642 0643 0465 0338 0482 0594 [04%5 0406 0329 0378
Se 0789 11 0777 12 0958 10 9 1 10 0793 10 0576 0580 0440 06T
Mo 0.59 0050 0.12 0208 0059 0.26 0077 0095 0096 0.159 0233 0144 0.24 0086  0.137 0.15 0118 0.1%4 0067  0.109
Ag 06 0 0.017 0020 008 06 0026 006 0017 0022 0022 0023 00%® 008 0016 0025 008 () °]
cd 0094 0081 0084 004 0089 0061 0098 0065 0095 004 080 014 0099 0080 017 011 [0084 0075 0058 0.071
Sb 0044 0039 0041 0052 0039 0039 0038 0039 0032 0045 0045 0046 0035 0033 0036 0042 [0038 0039 0029 0.040
Te 7¢ 0.557 0.186 0200 0.183 0.18 0.154 0.70 0.175 0.85 0230 0226 0.63 0.8 0.173 021 0.24 0.25 0097  0.87
Pb 0032 0034 0047 0040 0028 0030 0028 0035 0031 0035 0039 0051 0028 0026 0029 0046 [0025 0028 0037 0034
Bi 00B 002 00% __00% __00¥ 008 005 00 001 007 007 00% 008 000 004 006 [00M 00M 0008 008






media/file43.png
Cummulative Frequency (%)

Cummulative Frequency (%)

98-/ A.Main Golpu 9g - B.Golpu West
F S
F nl x+1c - X+1o
80 1 3 80
£ | -+
50 “% X=mean o E X=mean
20 x1o | 90-f X1
o N x F 1
E e E D N
- 1 '
2 - T IIIIIll IIIIII] T IIIIII| T T 2 [ |’|||I ]]]’][‘] I!] ]]’]"[I T T T
0.01 0.1 1 10 100 0.01 0.1 1 10 100
98 C.Golpu North 98 D.Nambonga |—=—Pyrite
F - —e— Chalcopyrite
g E —=— Bulk-rock
E x+1o F x#1o
80 \ 80f |
E [ —é
50 _g X=mean 50 E ! X=mean
20 x| 20-f &“\\ x-o
C ] C
“E ! “E
1 X 1
C | C
2 LI RAL)| LI II'IIII| T 2 Ty LLRLLLL IR LLLL BB R | LBLBLRLLL
0.01 0.1 1 10 0.01 01 1 10 100 1000
Au (ppm) Au (ppm)





media/file21.jpg
[y o s o
i N R D S P 1






media/file26.png
Locality i West Golpu North

pth |Gwi15 (WR321, 941.2m) |GW1a (WR337, 1649.80m) GN16 (WR342, 625m)
Analysis No.|1 2 |3 |4 h |1 Iz ls 4 5 15 |7 h Is I1o l11 |12 1 lz
Pd 0058 0049 0094 0097 0032 0226 0061 052 021 0#1 0260 0%3 0%8 0082 0229 0224 0W5 [0060 0058 0039
Pt <0028 <0023 <0034 <0046 0042 <0031 <0022 <0034 <0043 <0027 <0026 <0040 <0041 <0032 <0041 0052 <0.056 |<0.035 <0033 <0034
Au 0042 <0020 <0028 <0036 0085 <0021 064 0049 003 <0025 020 0043 <0025 0.4 0062 <0043 0044 [<0.020 <0025 <0021
zn 73 76 4l 2% B5 471 R0 430 458 342 394 51 364 430 255 427 423 (381 39 425
As <0409 4M 406 <0543 <0433 <0365 <0330 180 102 <0453 186 <0621 <0477 <0493 101 103 <0758 [<0458 <0.349 <0457
se 07 Rl Rl 5 0 708 774 790 540 619 774 644 544 665 702 736 832 |206 0 74
Mo <0099 <0090 <0.26 <069 <O.M1 <0077 <0082 <0097 <006 <000 <0.05 <0077 <0A2 <022 <041 <0095 <0.78 |<0.098 <0.B2 <012
Ag 133 149 0411 0357 0863 B3 206 B9 B6 T2 430 279 254 78 W7 02 04 [020 000 <007
cd 21 290 253 39 240 853 121 551 629 449 46 889 528 498 687 05 791 [265 150 222
sb <0025 0041 <0038 <0040 <0039 0.M5 291 0052 0344 0095 0359 0236 0075 020 138 0396 0072 [0045 <0.038 <0.039
Te 0778 058 0620 0549 0845 131 17 0965 128 124 0988 0691 0693 123 0804 160 102  |0.66 089 0292
Pb 63 262 77 205 236 8% 207 996 399 840 T8 M2 B4 17 B2 277 474|304 630 T4
Bi 49 374 294 298 167 156 464 068 0357 0489 153 0724 091 0368 132 184 0680 [0894 0246 0826

Minimum Detection Limit

Pd 0026 0027 0025 0033 0026 0025 007 0032 0039 0021 0033 0035 0031 0037 0032 0049 0040 [0039 0029 0032
Pt 0028 0023 0034 0046 0037 0031 0022 0034 0043 0027 002 0040 0041 0032 0041 0024 0056 [0035 0033 0034
Au 007 0020 0028 0036 0027 0021 00% 002 0030 0025 002 0032 0025 00® 0025 0043 0031 [0020 0025 0021
zn 0466 0488 0588 0631 0586 0451 0382 0444 0679 0501 0526 0693 0570 0471 072 082 0778 |0663 0640 0673
As 0409 0367 0539 0543 0433 0365 0330 0420 0631 0453 057 0621 0477 0493 0593 0761 0758 |0458 0349 0457
se 0722 0654 0857 10 10 0625 0564 0622 0957 0725 0790 0935 0801 0644 0899 11 1 0867 0830 088
Mo 0099 009 026 069 0#W1 0077 0082 0097 006 000 005 0077 012 022 041 0095 078 [0098 0.2 012
Ag 00% 006 006 008 006 002 007 006 008 002 006 009 008 008 0021 0023 0025 |00% 007 007
cd 0067 0074 08 018 0097 0057 0053 0051 0090 0.01 0082 0024 0078 0077 026 082 Ot |0077 0081 0094
sb 0025 0030 0038 0040 0039 0025 0026 0020 0039 0032 0028 0040 0035 0032 0044 0057 0040 [0042 0038 0039
Te 05 042 087 022 087 0096 012 022 0203 067 064 069 01 018 0205 0854 0224 (082 0#8 0.0
Pb 0027 0020 0039 0036 0030 0031 0023 0035 0037 0029 0032 0035 0037 0031 0042 0044 0039 [0027 0033 0029

Bi 0.01 0.011 002 0018 001 0.00 0009 001 0.017. 0.010 001 0015 0012 0012 0018 0.018 004 001 001 001






media/file35.png
North West Fauit

Legend

— Faults
C]o 3% Cu Shell

Babwaf Conglomerate
Owen Stanley Metamorphics






media/file20.jpg
[Locaty _Jcontinve-Gotpu west ot
i Jowns ey o 2m1 i 7 s lome oz |
i i S S T P 1






media/file7.jpg
Ty e wrars sn,
R S R S P P S 1






media/file53.png
Au (ppm) in bulk-rock

100

S
|

N
|

O
I

0.01

I T TTTTI

Main Golpu
Golpu West
Golpu North
Nambonga

e O OO

1 T T TTTT

T TTTI

.

1

1 T TTTTI

| | | I I | | | I I

10
Pyrite (wt %) in bulk-rock

100





media/file28.png
Locality

| -
Depth [N10 (WR272

[N11 (WR272, 309.5m)

[Ns (WR272, 376.3m)

[N1 (WR272, 396.0m)

294.3m)
Analysis No.lS |6 |7 |a |9 hu |1 12 la 4 h |2 |3 [4 |5 h |2 3 l4 |5
Pd 0087 0.151 0355  0.17 0222 0068 <008 <0026 0036 <0023 0292 0.74 0496 0066 0057 0.02 0275 0202 0.8 0.27
Pt <00% <0029 <0027 <0033 0044 <0036 0032 <0024 0043 <0027 <0029 <0033 <0032 <0027 <0038 <0032 <0.039 <0.047 <0.038 <0027
Au <006 <00®B <0077 <0021 009 0080 0046  0.01 <00% 0.1 <00¥ <00B 0021 <00% <008 <008 0026 <0026 <0028 <007
Cu - - - - - - - - - - - - - - - - - - - -
Zn 249 303 395 300 355 332 217 684 279 387 243 2% 291 51 2 228 251 02 98 207
As <0320 <0297 <0303 <0404 128 <0433 617 193 152 197 234 3.7 129 285 291 <05% <0407 <0493 050 <0340
Se 58.8 76.7 799 57.1 794 732 05 08 1% 679 774 796 75.7 66.7 78.3
Mo <0091 <0058 <0093 <0.22 <0.83 <010 0094 <0091 <0092 <0.09 <0.034 <0096 <0097 <0059 <0044 <00B <0.51 <01 <0095 <0075
Ag 6.0 20 13 438 B8 503 427  »8 6.1 274 60.1 626 601 471 B0 305 247 273 1B 134
cd 2.8 542 09 245 5.7 384 293 727 44 665 473
Sb 0069 <0033 0.1 0080 0.28 0386 0081 0.117. 0074 0076 0078 0086 0064 0435 0333 <0037 <0044 0605 0.48 <0.034
Te 0202 1% 0551 <0.M1 0485 0347 2.2 0725 0487 1B 0309 0391 0941 0390 <0228 0208 048 04® <0.M7 <0.28
Pb 0553 135 B9 0531 538 824 378 70.1 09 280 #3 807 546 U6 408 346
Bi <000 008 0031 <008 0032 0031 1B 0491 04% 0731 0193 0232 021 077 079 0409 0491 2.7 077 ___ 0237
Minimum Detection Limit
Pd 0022 0022 009 0025 0026 0039 00®B 0026 0028 0023 0021 0025 0028 0023 0028 0023 0028 0034 0031 0028
Pt 008 0029 0027 0033 0023 0036 0027 0024 0026 0027 0029 0033 0032 0027 0038 0032 0039 0047 0038 0027
Au 006 00% 007 0021 00® 008 002 005 006 00¥ 00 008 00W 006 008 008 00© 0025 0028 00T
Cu - - - 0.834 - - - - - - - - - - -
Zn 0547 0552 050 0606 061 0632 0574 0676 0739 068 068 0745 0721 059 0796 055 066 0682 0657 059
As 0320 0297 0303 0404 0390 0433 0729 0887 11 848 088 10 0978 0839 0991 0384 0407 0493 0433 034
Se 0452 0531 0503 0590 0622 0702 728 87 95 79 79 96 92 77 0 05% 0638 0666 066 0531
Mo 0091 0058 0093 022 0183 010 0071 0091 0092 009 0034 009 0097 0059 0044 023 051 0M1 0095 0075
Ag 001 0.04 0.0% 0022 008 008 0018 008 006 0.0%® 001 001 0016 006 0022 008 0017 0.08 008 0.0%
cd 0068 0056 0064 0058 0079 0.8 0092 005 018 0.2 065
Sb 0035 0033 0034 0035 0035 0043 0023 0026 0028 0026 0024 0029 0029 0021 0032 0037 0044 0046 0047 0.034
Te 014 087 017  0M1 0R5 0865 0084 044 081 0M8 065 059 0968 046 0228 04 044  0M2 0M7 0.08
Pb 0022 0025 0023 0027 0032 0031 0025 0035 0029 0022 0024 0026 0028 0022 0052 0027 0029 0035 0029 0026
Bi 0.010 0.010 0.00 0018 002 001 0007 0006 0008 0007 0006 0009 0009 0007 0008 001 0015 0.0% 001 0.01






media/file10.png
Locality yry

Sample No.|621 (WR331, 1264.9m) |G17 (WR331, 1481m)

Analysis No|7 |a |9 |1u |11 |1z |13 14 |1 |2 | |4 |5 |s |7 |a |9 ‘10 |10a
Pd <0.007 005 0.03 028 0.36 <002 004 0.02 0.02 0.02 <00® <00 <006 <001 <00® 003 0.05 0.05 <0.08
Pt <0.007 020 <006 024 <0.0% <00%B <001 <007 <007 <0077 <008 <00% <007 <0021 <00% <007 <007 <0028 <0.025
Au 3.09 <002 001 369 <008 039 2370 0.02 0.26 <002 002 <0011 <002 <002 <000 143 0.37 130 <002
Cu 36.50 3170 <0335 600 <0438 190 25.00 <0.38 3060 <032 945 <036 046 <0.287 0.74 968 389.00 46.90 8.95
Zn 847 <0252 <0279 1040 <0331 261 2200 <0291 067 <038 <0378 <038 <0343 <0320 <0336 <0352 16 0.30 <0425
As 0.79 3120 138 7300 227 59.30 6.4 1e 693.00 300.00 9.25 <0246 3170 37.00 0.37 7.09 6100 9740 74.80
Se 2.1 16.00 15300 307.00 32400 8.0 210 28500 0700 33700 1400 7090 9130 1600 9460 6320 8130 4900 7350
Mo <0029 <0022 <0066 <0045 <0055 007 0.2 <0037 <0.051 <0037 182 <0037 <0041 <0062 <0041 <0043 <0050 067  <0.064
Ag 152 001 <0007 040 002 432 1100 001 002 <0008 069 <0009 <000 <0009 <0009 225 0.9 744 002
cd 0.05 <0.037 0.05 0.9 <0049 0.5 0% 0.09 0.6 01 0.1 <0.048 0.8 <0046 0.8 0.%6 023 0.6 <0.076
Sb 0.05 <0077 <008 041 0.03 103 0.05 <008 0.5 <0.024 0.0 <0022 <0024 <0023 <0023 008 044 049 <0.029
Te <0.039 027 0.35 364 179 <0.054 0.86 <0071 130 6.70 0.30 <0078 0.7 087 094 4.00 B.50 922 3.03
Pb 0.92 0.7 0.8 6.45 0.07 8.30 423 2.% no 0.04 527 0.05 0.03 0.0 064 n7o 3840  45.00 183
Bi 0.01 0.36 0.01 9.88 0.01 <0.006__0.95 0.01 0.88 0.01 0.07 <0.007__0.01 0.01 0.01 .90 295 8.97 0.21
Minimum Detection Limit

Pd 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02
Pt 0.01 001 002 001 002 002 001 002 002 002 002 002 002 002 002 002 002 003 003
Au 001 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 001 001 0.01 001 0.01 002 001
Cu 022 028 0.34 035 044 032 033 032 33 031 37 032 046 029 041 032 0.31 042 042
Zn 0.9 025 028 032 033 027 0.28 029 0.35 032 0.38 032 0.34 032 0.34 035 0.31 044 043
As 0.% 0.9 0.22 027 0.26 023 0.21 025 0.26 023 024 025 025 023 0.21 022 0.22 029 0.30
Se 0.22 032 0.34 043 0.37 0.30 0.32 032 0.28 0.30 0.33 0.28 033 027 0.32 0.28 0.32 0.38 0.38
Mo 0.03 0.02 0.07 0.05 0.06 0.03 0.04 0.04 0.05 0.04 0.05 0.04 0.04 0.06 0.04 0.04 0.05 0.09 0.06
Ag 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cd 0.02 0.04 0.05 0.05 0.05 0.04 0.03 0.04 0.05 0.04 0.03 0.05 0.06 0.05 0.05 0.05 0.04 0.06 0.08
sb 001 002 002 002 002 002 002 002 002 002 003 002 002 002 002 003 002 003 003
Te 004 007 005 005 007 005 006 007 007 005 008 008 007 008 006 008 007 0.0 0.0
Pb 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.02
Bi 000 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01 001 0.01






media/file45.png
Au (ppb) in pyrite

Au (ppb) in chalcopyrite

10000

1000

100

10000

1000

100

| IIlIlIlI | IIIIIIII

1 lIlIlIII

+ + + +

Nambonga
Main Golpu
Golpu West /
Golpu North

Y

10

T T T

T 1 T LERELRRRLY |

100 1000 10000
Au (ppb) in bulk-rock

llIlIIIl | llIlIlII 1 L L LLLL

100 1000
Au (ppb) in bulk-rock

10000





media/file54.jpg
Cu (%)

14

12

1.0

0.8

0.6

04

0.2

Grasberg @

= Golpu

@Far Southeast|
®Bingham @ Ok Tedi
@ Batu Hijau

@ Bajo de la Alumbrera
Panguna @

@ santo Tomas Ii
Fish Lake ® ® Nambonga North
@ Cadia Hill






nav.xhtml


  geosciences-11-00335


  
    		
      geosciences-11-00335
    


  




  





media/file11.png
Locality _|Golpu

West
Sample N |6 (Wr327A, 756.4m) |aw1s (WR321, 941.2m)
Analysis NolI 2 |3 |4 |5 |6 |1 ls |4 ‘5 lﬁ |7 la ls hn ‘11 ‘12 ‘13 ‘14
Pd <00% 072 <002 <002 <005 <00B <0020 <008 <0.0% <000 007 003  <00% <00% <0022 <00B <000 <000 <00 <001
Pt <0020 <0026 <0.0%5 00; <00%® <0021 <0032 <00® <00® <00B <0036 003  <00% <00B <0025 <00B <002 <002 <00% <0.0%
Au 02 180 05 <008 <001 0% <00% <008 <008 <00M 004 008 004 <0.009
Cu 3430 762500 1500 100 4950  657.00 42500 599 100 047 062200 B90 10 33700 2370 422 4640 4.9 B50 5270
Zn 180 3740 893 0.0 9.24 0.70 160 049 <0305 <0252 30.80 <0.356 <0347 097 261 <02% 826 2770 080 158
As 191 28100 327 060 872 433 8170 <0278 <0245 <008 665 <0295 <0320 562 18 042 <095 <065 <082 <0.90
Se 045 35500 143 058 155 166 575 8230 8660 2640 930 9900  B100 134 075 2740 <0334 <03L <0367 <0428
Mo 006 009 0. <0031 0.7 029 149 <0075 <0056 <0.063 <0.03 <0078 <0050 045 032 <0042 <0055 <0021 <0025 <0.033
Ag 049 4240 296 046 144 966 934 <000 <0009 <0009 671 002 <001 3720 271 002 003 053 0.# 0.06
cd 0.8 040 0.8 0. 007 <0055 089 020 008 006 064 0.5 024 031 036 0.8 023 008 0.M <0038
Sb 0.03 °.20 0.30 <008 029 023 064 0.07 0.02 <00%® 0.1 <00® 008 0.26 <0.025 0.03 <002 002 <00B 003
Te <0084 096 <0060 <0063 <005 <0073 <020 <0077 <0.067 006 102 <0085 <0068 008 <006 022 <0037 <0045 <0069 <0.056
Pb 0.02 8300 005 006 085 2300 324 004 004 8890 0.8 21 0200 845 104 077 0.7 032 055
Bi <0.007 3840  <0.007 001 <0008 <0.008 B70 004 001 <0005 3040 003 0.2 0.01 <0007 045 _ <0.005 <0.004 003 <0004
Pd 002 001 0.01 0.01 002 002 002 002 002 001 0.02 002 002 002 002 001 001 001 001 001
Pt 002 001 002 001 002 002 003 002 002 002 0.04 002 002 002 003 002 001 0.01 002 001
Au 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.02 001 0.02 0.01 0.01 0.01 0.01 0.01
Cu 036 027 039 024 038 036 062 047 035 032 059 046 042 041 046 026 024 022 028 032
Zn 035 027 030 027 035 039 045 034 031 025 049 036 035 028 036 022 021 0.9 023 021
As 027 021 022 08 028 029 033 028 025 020 032 030 032 030 036 0.7 020 0.7 0.8 0.8
Se 034 024 021 024 027 035 058 045 065 044 075 052 044 040 051 026 033 031 037 043
Mo 005 002 004 003 006 004 007 008 006 006 0.0 008 005 005 008 004 006 002 003 003
Ag 0.01 0.01 0.01 0.01 0.01 0.01 002 001 001 001 0.02 0.01 0.01 0.01 001 001 001 0.01 0.01 001
Ccd 0.06 0.03 0.04 0.04 0.05 0.06 0.06 0.05 0.05 0.04 0.08 06 0.06 0.05 0.07 0.04 0.04 0.03 0.03 0.04
Sb 003 002 002 002 003 003 002 002 002 002 0.03 002 002 002 003 001 001 001 0.01 001
Te 008 006 006 006 0 007 0® 008 007 005 0% 009 007 007  0M 006 004 005 007 006
Pb 002 001 001 001 002 002 002 002 003 002 0.02 002 002 002 002 001 001 001 001 001
Bi 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 000 000 000






media/file41.png
EA (o Main Golpu §
[ O Golpu West L
< Golpu North S 3
+ Nambonga K
E
- F
E
E
]
0014
T T
0, 10 1 10 0 01
E F
100
=~ = -~
1
,_-E,_wo 4 E_ S E 104
& F ’? 3 MDL &
S e 2 Oy Qe &
[ # 0.1 % 3
Bh o 014
r 0014 ¢
I 3 0.01 !
MDL!
11 4MoL :
F T T 01 T T . T
0.01 01 1 10 001 04 1 10 001 041
I
T
Q
a.
<
° - @a
YR - o
; o
*
0014 MDL'
0.001 ;
10 1 04
FL
1004
E E
& f 5
810 L
&
r OO 00
N i
ML Eerd
T T 0.01 T T 04 T
0.01 0.1 1 0 0.01 0.1 1 0 0.01 0.1
Au (ppm) Au (ppm) Au (ppm)






media/file37.png
Golpu composite [} STOLSt
porphyry stock
estimated resource:
830 Mt at 0.71 g/t Au,
mated resource: DOKATON FAULT 1.1% Au, 1.3g/t A
48 Mt grading 0.2 % Cu - ') WR102 ir:t'ili‘z:tsel:e:raadneds)
0.69 g/t Au (inferred grades) .

!

H
3w00z61—]
w0096}

3w00002-

3w00v0z—]

Nambonga North Porphyry
estimat e:

RAFFERTY’S FAULT Fel IdsparDlorm
Porphyry

b Hornblende
wm/ Ex™<* [oembntyey

NAMBONGA FA!
-

ALTERATION
silicification
Quartz-Alunite

[Residual silica

Intermediate
illic

Phyllic

etrahedrite)

Propylitic

Potassic

pyrite-
chacopyrite

WR95
Main Golpu (quartz- || > :_':)s: h ‘"M. o / Drill-hole
feldspar)
ArAr 8 to6 Ma
Re-0s:9 to7 Ma
Re-Os: 2.9 Ma

Metres






media/file23.jpg
Locaity [continue: Nambonga North

Deptn |t (w272, 396.0m) 116 (wRa72, 506 3m) [\ (WH280. 744.6m)

hostpieno s Joo [r o PSRN PN PR R P PR

lew
20 m w m m m m m w m s w e w
e W o a0 oms oum @ 82 207w aws o080 oms o0¥e

Ire 021 03 0w oW 027 w% oay 1@ oan w o os9 on o
oo w9 s e aw om 0w s ws 35 1w 2 m o
o oo oms oas oms ows om ow oms om ooms oz ome oz ome

e n
20 om0 s 0s% o ose ose 0en 05 os o 055 0s 052 0

040 035 oann ows ows oua o2 s osn 1w 0w 059 s 0

Ins 005 om% 008 00s oow 007 005 005 oom eov omz ooe 007 oow
oo oou om oo oms oo owr ooz omn oms oo oos 003 oms 0o

ot 000 oon 000 oot oo ose 00n ows oov owe oon oow oo eve






media/file46.jpg





media/file40.jpg





media/file24.png
Locality |Main Golpu

Depth |G21 (WR331, 1214.2m)

Analysis No.|1 | ]3 |4 ls |6 |7 [a |9 ||a [11 |12 lﬁ |14 |15 l1s |17 |1a [19 |zn
Pd 0068 0097 0089 0039 0071 0.7 0078 0089 0065 0095 029 0099 0055 005 0138 0080 0058 0070 003 0071
Pt <0.031 0037 <0035 <0038 <0039 <0035 <0026 <0.043 <0037 0082 <0.020 <0.039 <0023 0061 <0026 <0037 <0024 <0034 <0043 <0025
Au <0.022 <0023 0047 0027 <0023 <0022 <0021 <0020 <0020 <0026 <0023 <0035 <0027 <0033 0044 0026 <0023 <0024 <0028 0.099
Zn 430 439 420 399 448 370 356 335 363 4B 427 405 422 388 368 353 387 479 390
As <0452 <0400 <0400 <0458 286  <0.383 0721 0453 0458 <0487 <0.347 <0776 <0546 <0598 <0459 0531 <040 <0508 0883  <0.558
Se 83 85 97 B1 70 B1 02 67 86 75 65 16 U7 76 88 95 86 223 76
Mo <0.83 <007 <0.40 <0099 <0094 <0.45 <0099 <0.087 <0.12 <0079 <0.081 <0.69 <0.1M0 <0.068 <0.068 <0.26 <0077 <0.078 <0.061 <0.058
Ag 0256 0331 195 0706 0350 098 0888 164 204 7.0 6.0 »2 n7 5.3 8.6 04 n 0.6 ©7 4.09
cd 295 243 31 B 291 266 165 341 273 30 353 364 28 196 91 96
sb <0046 0056 0049 0046 0.26 0058 0072 <0040 <0041 41 <0030 0069 0190 291 082 0056 0090 0046 0240 0934
Te 0363 0761 0538 074 0325 0772 0537 0576 0471 0621 0445 100 0620 0695 0586 0669 0679 030 0379 0536
Pb 371 w7 220 69.6 303 269 336 808 596 B0 4 05 842 345 342 8.52 8.6 561 0.1 252
Bi 128 143 0582 0994 140 271 195 153 122 0.01 0498 0356 0350 _ 0.10 0456 0736 0248 0200 143 0.307
Minimum Detection Limit

Pd 0026 0028 0033 0022 0032 0030 0024 0035 0024 0022 007 0038 008 0035 0020 0028 0021 0029 0033 0024
Pt 0031 0033 0035 0038 0039 0035 0026 0043 0037 0032 0020 0039 0023 0032 0026 0037 0024 0034 0043 0025
Au 0022 0023 009 0021 0023 0022 0021 0020 0020 0026 0023 0035 0027 0033 0021 001 0023 0024 0028 0023
Cu - - - - - - - - - - - - - - - - - - - -

Zn 0674 0626 0646 0633 0677 0623 0502 0608 0591 0684 0481 0905 0570 0782 0568 0575 0497 0595 0643 0606
As 0452 0400 0400 0458 0462 0383 0328 0379 0399 0487 0347 0776 0546 0598 0459 0444 04® 0508 0508 0558
se 0598 0550 0643 0644 0675 0586 0460 0503 0598 0626 0552 658 0893 0696 0624 0587 0672 0780 0760
Mo 0.183 0.07 0.40 0099 0094 0.M5 0099 0087 o0.12 0079 0081 0.59 0.10 0068 0068 0.26 0077 0078 0061 0058
Ag 008 0022  00% 0.0% 007 001 0.0% 006 0.0% 0023 008 0028 006 001 0.0% 008 0.0% 007 00% 007
cd 0088 0090 0090 0080 0.10 0096 0073 0.26 0.099 0090 0069 0.63 0076 0092 0072 0079 0063 0098 0.17 0.092
sb 0046 0041 0044 0039 0045 0048 0033 0040 0041 0043 0030 0062 0039 0046 0033 0033 0030 0038 0042 0039
Te 062 018 0M2 026 050 0%1 0095 0R9 0M8 015 0078 0200 0071 089 086 012 0091 049 008 0.5
Pb 0028 0022 0027 0030 0032 0030 0020 0023 0023 0028 0024 0049 0026 0060 0034 0045 0022 0037 0029 0046
Bi 0065 004 00W 00% 00W 002 002 00% 001 008 0009 009 002 00# 002 008 000 002 006 008
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media/file12.png
Locality [

|GW1a (WR337, 1649.8m)

Sample 941.2m)

Analysis N0|15 |16 ‘17 18 |19 |20 |21 |22 |1 |3 ‘5 |6 |7 ‘B [9 |10 |11 [12

Pd <008 <006 <00B <00% <0021 <006 003 003 <007 002 003 <0020 <0009 <0020 <00ft <008 <00® <007 <006 0.7
Pt <006 <007 <0025 <0021 <0031 <0.0® <00B <0021 <000 003 <0028 <007 <008 <00B <008 <0023 <0023 <00% <00B <00%
Au <008 <006 0# <00% <00¥ <00%B 003 <00R <00¥ <002 <0077 <00%B <008 005 <008 <008 <00 <00 <008 <0.0%
Cu 355 263 516 <0349 2% 4.00 785 105 <0362 876 254 125 149 8.60 <0353 <0321 1M <0480 <0441 <0400
Zn <0285 <0359 <037 <0.340 <0371 <0324 <0278 047 032 069 <0296 <0266 <0304 063 <0269 <0328 <0294 <0282 <0285
As <0250 <0287 <0276 <0202 <0322 <0267 <0237 <0254 447 064 066  <02B <0259 <03% 076 <0242 085 151 81 91
Se 6920 4040 4760  29.00 70.0 4630 4280 10000 5360 2650 78, 7630 8340 857 270 2480 4190 2440 4740
Mo <0045 <0068 <0061 <0037 <0050 <0052 0.0 <0069 <0063 <0.066 <0097 <0045 <0.046 <0034 <0049 <0.043 <0084 <0065 <0.071 <0.093
Ag <0009 <001 002 <000 <00M <0008 <0008 <0009 004 045  <00M <0009 <0007 073 <0008 <0.007 <0009 <0009 <0.009 <0.008
Cd 0 <0071 0.2 027 on 0.9 0.20 0.09 0.8 0n

sb <0020 <0021 <0021 <0023 <0021 <00® 002 <00% <00® 0% <0022 <00® 023 021 <006 <00® 006 <00® <006 <0.00
Te <0079 <0086 067 <0085 <0095 <0080 023 <0086 091 473 100 <0066 <0057 <0075 <0058 <0083 0.8 <0082 <0056  <0.089
Pb 0.24 <008 0.7 0.04 <0024 0.9 0.90 0.03 6.94 8.60 0.5 <0020 523 064 0.07 3.60 <0.021 0.06 0.03
Bi 002 001 180 <0008 <000 003 _0H 001 056 558 051 <0006 <0006 004 <0006 <0.007 0.0 <0007 __ <0006 002
Pd 0.01 0.02 001 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.02 001 0.02 0.01 0.01 0.02 0.02 0.02 0.01
Pt 002 002 003 002 003 002 002 002 001 002 003 002 002 002 001 002 002 002 001 002
Au 001 002 001 001 001 002 001 001 001 001 002 002 001 001 001 001 002 001 001 001
Cu 0.30 040 0.36 0.35 0.52 047 0.36 0.35 0.36 037 062 0.35 0.34 0.38 0.35 032 040 048 044 040
Zn 029 036 032 034 037 032 027 028 029 030 034 030 027 030 024 027 033 029 028 029
As 025 029 028 029 032 027 024 025 020 033 030 021 026 032 026 024 031 030 027 026
Se 045 056 050 052 068 054 057 055 052 050 047 040 046 056 034 041 051 044 045 040
Mo 0.05 0.07 0.06 0.04 0.05 0.05 0.08 0.07 0.06 007 0.0 0.05 0.05 0.03 0.05 0.04 0.08 0.07 0.07 0.09
Ag 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001
cd 005 007 005 006 007 005 004 003 005 005 007 008 004 005 004 003 005 005 006 004
Sb 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Te 008 009 005 009 00 008 007 009 006 O 008 007 006 008 006 008 008 008 006 009
Pb 002 002 002 002 002 002 001 001 001 002 002 002 001 002 002 002 002 002 002 002
Bi 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001
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Locality [ i i Golpu West

Depth ‘ G17 (WR331, 1481m) G6 (WR327A, 756.4m) [GwW15 (WR321, 941.2m)

Analysis No ]1 |2 |3 |5 la |7 |a |9 1 |z |3 4 |1 lz |3 4 |5 |6 |7

Pd 007 0552 0130 <0029 0.06 0094 0068 0054 0069 [0044 0045 0069 0090 0057 0054 0060 0.01 <0033 0041 <0.028
Pt <0036 <0029 <0026 <0039 <0034 0039 <0030 <0.026 <0034 |<0035 0030 <0029 <0042 <0.024 <0030 <0043 <0027 <0058 <0.034 <0.032
Au 0044 0035 <0020 0061 0034 <0022 0064 0055 0532 [<0022 <0024 <008 <0022 <0022 <0028 <0025 <0020 0047 <0025 0073
zn 406 292 266 368 351 24 3% 330 275 230 203 262 247  #6 3 54 53 73 2% 76
As <048 <0408 <0448 0643 <0402 <0380 <0446 108 653 |<0498 <0452 <0424 <0457 <0349 <0474 <0396 <0360 <0582 <0421 298
Se 64 72 71 0 u7 3 u7 209 204 207 220 9.4 01 549 1M 18
Mo <0071 <0065 <0070 0.M7 <020 <0059 <0073 <0.039 <0085 |<0.22 <0073 <0.072 <0086 <0096 <011 <0084 <0077 <0.80 <0.076 <0.062
Ag 83 17 07 879 395 374 366 442 17 0089 154 0041 374 108 087 0666 0564 244 160 196
cd 378 395 274 148 276 289 159 253 263 [239 207 240 330 233 298 238 271 04% 183 184
sb <0042 0227 <0044 <0052 <0044 <0042 0047 088 108  [0.B2 <0049 <0.041 <0.046 <0030 <0036 <0035 <0023 <0.045 0077  <0.037
Te <0.M3 186 0372 056 <050 059 <02 <082 <0.71 |0538 0825 0748 0620 0674 0660 0665 0463 <0231 0.0 0447
Pb “2 207 0227 206 590 0786 0301 ®5 259 [310 76 250 2B 225 352 906 185 125 202 272
Bi 133 170 00%® 0225 0379 0071 0095 06% 109 |523 0448 0720 449 0308 194 106 029 0843 125 198
Minimum Detection Limit

Pd 0021 0024 0028 0029 0024 0029 0026 0023 0030 [0027 0028 00% 0031 0028 0030 0022 006 0033 0029 0028
Pt 0036 0029 0026 0039 0034 0027 0030 0026 0034 [0035 0026 0029 0042 0024 0030 0043 0027 0058 0034 0032
Au 0021 008 0020 0023 009 0022 0020 007 0025 [0022 0024 009 0022 0022 0028 0025 0020 0029 0025 0025
Zn 0623 0546 0597 0708 0602 0588 068 0556 0688 [0694 0666 0550 0606 0478 0602 0561 0444 0739 0542 0597
As 048 0408 0448 0427 0402 0380 0446 0357 0463 [0498 0452 0424 0457 0349 0474 0396 0360 0582 0421 0520
Se 0546 0487 0561 06% 0607 0593 0458 0541 06M [0553 060 0549 0621 0498 078 0755 0594 12 756 085
Mo 0071 0065 0070 0049 0.20 0059 0073 0039 0085 [0.22 0073 0072 0086 0096 0111 0084 0077 090 0076 0062
Ag 007 006 006 00® 00® 006 007 002 008 [0020 007 007 0021 008 0021 007 002 0020 00 5
cd 0067 0078 0076 0.2 0086 0089 0094 0066 000 [0.097 0098 0082 0093 0089 0095 0096 0069 0.9 0065 0088
sb 0042 0039 0044 0052 0044 0042 0041 0042 0048 [0.048 0049 0041 0046 0030 0036 0035 0023 0045 0029 0037
Te 043 024 061 0086 050 0087 022 082 071 [0.B1 0M3 02 014 020 0%B1 0.0 0093 0231 0.80 0.3
Pb 0028 0024 0026 0028 0029 0031 0030 0025 0035 [0030 0026 0026 0032 0029 0033 0033 00® 0041 0028 0033
Bi 00 00M 008 00% 008 008 002 00R 006 [006 00¥ 002 00% 0009 00 002 0009 007 001 002
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media/file13.png
Locality ‘Golpu North
[
S: I

625m) [GN7 (WR342, 710m)
Analysis Nol1 2 [s [a [7 lo [0 [1 [2 [ [z s o [0
Pd 0.02 0.04 0.03 0.03 <0.026 <0039 <0027 <0023 0.09 0.04 0.03 <008 <0023 <0027 <00# <0026 <0022 <002 <00%
Pt <008 <00® <008 <0.0® 002 <0.036 <0037 <0036 <0022 0.03 <0.029 028 <0.033 <0.034 007 0.04 <0.027 005 <004 003
Au <001 0.02 <0012 0.02 <002 0.02 <0.023 <008 <00®B 0.02 0.02 0.06 <0.0% <002 <00B <0008 <001® <0008 <00M
Cu <0.395 82200 140 0372 494 3.89 465 32400 4.36 A0 213800 <0471 369 189 <0401 <0404 38300 123 <0271
Zn <0344 22900 <0363 <0341 <038 <0546 <0728 <0557 10.00 <0.383 <0364 1690 <0401 <0395 <0422 <0305 <0.355 0 <0233 130
As <0234 <0328 <0250 <0243 <0211 <0365 <0529 <050 <0350 <0293 223 5 7 2.4 49 30
Se 65.40 427.00  102.0( 50.60 5160 59.50 106.00 5880 274.00 60.80 96.50 17100 13100 7560 40.00 16.00 105.00 11100 108.00 100.00
Mo <0.048 <0.093 <0079 <0061 <0038 0.7 <0.15 <0091 <0058 <0064 <0072 <0081 <0094 <0099 <0059 <0078 <0052 <0.10 <0.048  <0.029
Ag <0.008 174 <0010 <0009 <0006 <001 <007 <00B 064 <000 001 033 <0.01 0.28 <000 <0.009 0.02 o0r <0.008 0.02
Cd 021 087 <0.050 0.8 0.8 <0.063 021 <0.079 087 0.6 0% 0.9 0.8 0.5 0.08 0.0 0.8 0.4 <0.033 0.06
Sb <0024 0.0 0.04 <0.022 0.03 2.8 063 3.09 0.08 <0.025 10.60 0.03 <0.022 <0.022 034 0.03 0.8 023 0.8 <001
Te <0.089 035 <0091 0.6 0.08 <0.132 <065 <048 0.6 0.25 <0.16 041 <0.11 126 <0.093 <0087 <0.00 0.20 <0.056 <0.075
Pb 0.03 9180 0.07 on 024 49.20 6.99 49.90 2320 025 39.00 180 38 0.30 49.20 0.7 751 34.00 070 0.06
Bi <0007 245 0.02 0.08 <0006 <001 <00W <00R 033 0.08 0.30 256 <0009 201 0.02 <0.007 001 092 0.03 0.0
Pd 0.01 0.02 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.01 0.03 0.02 0.01 0.02
Pt 0.02 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.01 0.02
Au 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
Cu 040 079 048 044 037 0.53 0.70 051 0.53 049 043 0.39 047 042 044 040 040 049 028 027
Zn 034 0.38 0.36 034 0.32 055 073 0.56 043 038 0.36 0.36 040 040 042 031 0.36 043 023 0.28
As 023 033 025 0.24 0.21 037 053 051 035 029 0.33 0.28 035 0.34 0.34 0.28 0.31 0.39 0.7 0.24
Se 0.32 0.56 050 0.59 0.36 0.80 10 10 064 057 047 053 068 0.62 064 0.46 0.60 067 097 052
Mo 0.05 0.09 0.08 0.06 0.04 0.09 0.r 0.09 0.06 0.06 0.07 0.08 0.09 0.0 0.06 0.08 0.05 0.1 0.05 0.03
Ag 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cd 0.04 0.05 0.05 0.04 0.04 0.06 0.0 0.08 0.06 0.04 0.05 0.05 0.06 0.04 0.07 0.04 0.06 0.07 0.03 0.05
Sb 0.02 0.03 0.02 0.02 0.02 0.04 0.05 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.01 0.02
Te 0.09 0.07 0.09 on 0.07 0.8 0.7 0.5 0.8 0.08 0.2 0.09 on 0.09 0.09 0.09 0.0 0.3 0.068 0.08
Pb 0.02 0.02 0.01 0.02 0.01 0.03 0.04 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02
Bi 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
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media/file9.png
|Main Golpu

Locality
Sample No|622 (WR331, 1214.2m) |G21 (WR331, 1264.9m)
Analysis No[1 ] [3 14 |5 [6 [ 19 |1a 111 ]12 [13 114 |1 12 [4 15 |6
Pd <006 006 <002 <002 <006 002  <00% <007 <00¥ <00% <00% <005 004 <008 <00R <00B <00B 002 005 002
Pt <00 006 <0021 <00® <00 <0009 <009 002 <0024 <0022 <008® <0022 <0022 <00R <00B <0021 <007 <001 <00 004
Au 0.24 062 <00B <001 048 0.1 046 206 0.06 0.08 <008 <001 <001 004 044 0.0 151 0.04 0.04 0.01
cu 27800 2760 <0360 088 3860 9670 2630 77000 837 620 <0350 <0333 660 320 7.1 9030 1B20 743 50200 323
zn 00 <0366 <032 <0305 100 58 <0373 429 <0341 <0324 <0300 202 630 141 3040 274 <0282 045
As 4.49 6.69 1 163 083 0.31 <0.263 142 165 78 <0.232 663 132 2.00 0.88 93.00 44 2
Se 123 5230 22400 39900 082 067 099 124 <0335 <0306 30500 37400 059 066 070 407 132 %800 2100 %5800
Mo 032 <0081 <0041 <0048 <0044 <0055 008 04 069 062 <0062 <0061 007 005 <0063 <0083 <0058 <0.049 <0048 <0.044
Ag 732 0.85 <0.009 0.02 70 2500 006 0.35 <0.009 <0.009 382 038 6.23 50 <0.009 007 <0.008
Ccd 040 024 0.4 0.0 0.25 042 027 031 0.8 0.0 0r 0.2 0.59 037 0.06 027 0.8 0.1 0.05 0.0
sb 094 005 <0020 <00® 006 007 00 07 <0025 0.6 <0024 <0021 004 003 0.2 18 0% 004 <007 <006
Te <0074 3120 <0075 136 <0073 <0050 <0.090 <0063 <0063 <0072 177 366 <0074 <0076 <0065 <0069 0.2 166 059 026
Pb 860 122 <00B 036 8.9 43.80 280 7 222 264 <008 <008 #¥20 3800 2570 0800 735 281 0.08 0.07
Bi <0.005__ 104 <0007__ 0.5 <0005 002 _ <0.006 <0008 <0008 <0.007 <0006 <0.007 <0.007 <0005 <0.007 <0.007 <0006 174 056 0.09
Minimum Detection Limit

0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.01 001 0.01 0.01 0.01 0.01
Pt 001 002 002 002 001 001 002 002 002 002 002 002 002 001 002 002 002 001 001 001
Au 001 001 001 001 001 001 001 001 001 001 001 001 001 001 002 002 001 001 001 001
cu 041 037 036 027 027 029 033 036 042 036 035 033 032 029 049 048 035 033 033 037
zn 031 037 031 031 028 028 032 036 037 033 034 032 030 029 038 039 034 028 028 026
As 020 023 022 021 0% 0% 020 026 028 024 024 020 023 07 028 029 028 023 022 022
Se 030 031 027 028 025 028 027 029 034 031 033 029 020 028 040 041 037 030 030 031
Mo 0.05 0.08 0.04 0.05 0.04 0.06 0.04 0.05 0.05 0.04 0.06 0.06 0.03 0.02 0.06 0.08 0.06 0.05 0.05 0.04
Ag 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001 001
cd 004 005 005 005 004 004 005 005 006 005 005 004 005 004 005 005 005 004 003 004
Sb 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Te 007 008 008 008 007 005 009 006 006 007 007 008 007 008 007 007 005 005 006 005
Pb 001 002 001 001 001 001 002 002 001 001 001 001 003 001 002 002 002 001 002 002
Bi 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 001 0.01 0.01 0.01 0.01 001 0.01 0.01 0.01 0.01
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media/file15.png
Locality [
Sample NoJ

p 957m) N10(WR272, 294.3m)
Analysis Nol 16 a7 [1s [10 20 o1 Joo Jo3  [oa_ |os 1 2 [s [ [s [e [s [o
Pd <001® <00©® <0020 <009 <0021 <0023 0.02 0.06 <0023 <00® |0.02 on 0B 0.03 0.02 <0.021  0.02 <0.024 <008
Pt <0023 <0027 <0032 <00% <0028 <0026 004 <0027 <0036 <0022 |<001l <0021 <0036 008  <00® 002 <0026 004 <009
Au 042 040 093 0.03 0.01 0.02 0.03 558 0.02 <001 [#%3.00 4.7 9.56 0.6 82.80 1560 69.50 5240 50.00
Cu 948 1500 5950 123 <0406 <0469 064  B4O00 196 108  |087500 286300 83900 5R.00 99500 56500 07800 617.00 31500
Zn 229 <0491 <0405 <0.328 <0404 <0409 100 75.80 <04% <0338 |3.30 27400 22100 47.0 351 8.6 437 %90 0.55
As 1600 66400 250400 105 807 5130 526 320200 300 036  [2570 10900 23900 B8O 400 2470 522 430 220
Se 30.80 57.70 4230 3220 35.80 48.70 34.70 55.5( 0 34.80 36.90 106.00 103.00 107.00 3040 39.10 621 38.90 45.80
Mo <0074 <084 073 <0032 <003 <003 <0073 133 <016 <0034 |<0047 <0092 <010 <0070 <0065 <0.057 <0067 <0078 <0.077
Ag 010 046 0.34 <0010 002 <00B <0012 142 <008 <0.008 |90.70 %60 73.60 0.36 80.30 893 39.50 7560 4040
cd 06 0% <0066 00  0f 08 021 024 <0068 <005 |039 353 289 032 0.8 06 0B 104 0T
Sb 196 047 “40 0.04 oe <0.026 <0025 3820 0.0 <0018 [840 482 862 0.07 457 9.90 558 24.90 0.54
Te 129 335 238 008 <022 063 123 478 369 <0084 [207 027 <042 252 032 045 028 159 0@
Pb 30.0 548 2100 0.05 #.00 047 0.06 386.00 0.34 18 74.30 43.80 47.0 2% 33.60 55.80 43.90 13100 997
Bi 222 48 491 006 007 045 030 BT 004 Joos 190 172 580 006 <0009 <0009 0.2 002
Minimum Detection Limit
Pd 002 002 002 002 002 002 002 002 002 002 001 002 003 002 002 002 002 002 002
Pt 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.04 0.02 001 0.02 0.04 0.02 0.02 001 0.03 0.02 0.02
Au 002 002 001 001 001 002 002 001 002 001 001 002 002 001 001 002 003 001 002
Cu 043 053 042 0.35 041 047 045 041 047 038 031 060 092 044 042 041 083 048 037
zn 041 049 041 033 040 041 041 042 042 034 027 047 064 040 037 041 042 049 031
As 034 039 0.32 027 027 032 031 029 0.32 027 0.8 029 038 025 023 0.26 029 027 023
se 069 074 072 068 069 074 075 073 08 048 026 047 063 038 036 038 039 038 028
Mo 0.07 0.8 0.10 0.03 0.0 0.0 0.07 on or 0.03 0.05 0.09 on 0.07 0.07 0.06 0.07 0.08 0.08
Ag 001 001 001 001 001 001 001 001 001 001 [001 001 002 001 001 001 001 001 001
Cd 0.06 0.07 0.07 0.06 0.08 0.05 0.05 0.07 0.07 0.06 0.03 0.06 0.07 0.05 0.04 0.04 0.04 0.05 0.04
sb 003 003 003 002 003 003 003 003 003 002 002 003 004 003 002 003 003 003 002
Te 0.8 0e 0.8 0.07 or 0.0 0.0 on 0u 0.08 0.04 on 0wn 0.0 0.0 0.08 0.0 on 0.08
Pb 002 002 002 001 002 003 002 002 002 002 001 002 002 002 002 002 002 002 002
Bi 001 001 001 001 001 001 001 001 001 001 Jooi 001 001 001 001 001 001 001 001
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Locality [

Sample No.] GN7 (WR342, 710m)

[oN23 (WR3s1, 957m)

[1a

[14a

Analysis No‘11 |13 |14 1 |2 |5 |6 ‘7 ‘B |9 |1u

Pd <002 <00% <00% <00 <0028 <0022 <0020 <0037 <0028 <0034 <0021 002 <0024 <0020 <0024 <0025 <0033 <0036 <0031 <008
Pt <0023 006  <00% <0023 <0038 003 <0021 <0040 <0028 <0042 <0.0® <0027 <00B <0042 <0027 <0027 <0044 <0049 <0038 <0.023
Au <002 <0009 <00 002 007 003 024 007 08 069 009 050  <00% <0023 0.7 <001 <0024 102 0.06
Cu 246 <0327 <0355 18B9.00 092 228 898 18 375 534 160 730 57 <0389 3480 155 147 549 18 193
Zn <0270 <0274 724 3.30 <0445 <0357 6.75 <0621 <0533 <067 <0462 <040 <0426 <0366 177 <0428 129 <0699 <0549 <0334
As 349 133 433 245 2750 3450 410 570 6230 64900 389.00 38500 179 2680  M400 236 2.7 1532500 153 3840
Se 6000 5360 20100 6340 3950 2530 3350 6260 3560 4590 10.00 2800 4180 3840 8.4 790 3690 3460 3080 5380
Mo <0060 <0.078 <0.067 <0070 <0086 <0.056 <0.056 <0.094 <0.2 2.8 <015  <0.089 <0068 <0094 <0093 <0.47 <0.B6 <0079 <0076
Ag <0007 <0.006 0.07 0.08 <006 <000 0.7 0.03 0.06 0.8 <00% 003 <0.00 003 0.23 <0.0° 0.0: 0.04 <0.020  0.02
Cd 008 009 0® <0058 0.4 0.4 020 <0087 009 0% 0.9 0.8 <0.068 005 <0055 <0064 <0090 <0.08 0.2 0.8
sb 005 3 <007 008 <0036 044 448 0B 535 490 0% 042 005 027 378 006 008 043 <0035 024
Te <0082 <0078 0.2 045 23 <0087 033 0.0 023 069 032 140 <040 045 069 0.8 <0.40 190 <063 035
Pb 240 185 056 570 061 466 100 108 4470 6970 239 479 067 266 2000 097 076 690 040 474
Bi 002 001 067 094 007 033 055 166 162 127 04 126 oe 025 122 03605 220 004 046
Pd 001 002 002 002 003 002 002 004 003 003 002 002 002 002 002 003 003 004 003 002
Pt 0.02 002 002 002 004 002 002 004 003 004 002 003 003 002 003 003 004 005 004 002
Au 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.02 0.01
Cu 0.31 033 036 037 066 047 047 073 060 066 048 048 046 039 040 043 072 076 062 037
Zn 027 027 029 034 045 036 036 062 053 062 046 041 043 037 036 43 062 070 055 033
As 025 023 022 031 040 026 025 031 034 043 031 033 030 031 025 035 044 056 039 024
Se 048 044 047 051 064 052 0.48 100 077 100 072 063 074 056 056 073 10 10 095 050
Mo 0.06 0.08 0.07 007 0.09 0.06 0.05 0.09 0.8 0.0 0.09 0.e 0.09 0.07 0.09 0.09 0.5 0.4 0.08 0.08
Ag 001 0.01 001 0.01 002 001 0.01 001 002 002 001 001 001 0.01 001 001 0.01 002 002 001
cd 004 004 004 006 009 005 004 009 008 008 006 006 007 005 006 006 009 0.1 008 004
sb 002 0.01 002 002 004 002 002 004 004 004 003 003 003 002 002 003 004 004 004 002
Te 008 008 007 01 0.8 009 009 078 0.8 (%3 M 0.0 0u 0.1 0.1 o.M 0.4 0.9 0.6 0.06
Pb 0.01 0.02 0.01 0.02 0.02 0.02 0.01 0.03 0.04 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.03 003 0.02 0.02
Bi 001 0.01 0.01 0.01 0.01 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 002 001 0.01
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Locality |continue: Nambonga North

Depth |N1 (WR272, 396.0m) |N16 (WR272, 506.8 )[NNo (WR280, 744.6m)
Analysis No.|6 |6a |7 |8 |9 |1o |11 1 |2 3 |1 2 |3 |4
Pd 0228  0.101 0428  0.102 0.186 0.49 0272 0078 0063 0278 0229 0.71 0394  0.187
Pt <0.035 <0.032 <0.043 0034 <0.030 <0.044 <0.039 <0.021 <0.032 <0.032 <0.031 <0.031 <0.027 <0.034
Au <0.021 <0.09 <0.077 0028 <0.020 <0024 0039 007 <006 <001 <0.024 <0.021 <0.024 <0.021
Cu - - - - - - - - - - - - - -

Zn 339 268 271 260 274 272 254 249 220 549 75 210 01 195
As 141 <0.343 <0471 <0378 <0388 <0453 <0372 B2 297 167 <0425 <0530 <0464 <0.398
Se 776 794 904 66.4 76.1 785 87.9 134 66.8 186 709 65.2 84.6 799
Mo <0092 <0.110 <0.136 <0.064 <0.1¥4 <0.081 <0.154 <0.041 <0.089 <0.074 <0.095 <0.17 <0.40 0.133
Ag 221 21 0.1 441 478 6.4 24 36.7 384 64.9 8.21 7.76 748 797
Ccd 0.7 5.36 8.09 3.33 5.58 6.77 6.02 293 4.2 16 177
Sb <0.044 <0.039 0.061 <0.036 <0.034 <0.042 0.049 0.061 0.096 0.12 0.155 0245 251 0.46
Te 0.521 03 0363 <0.46 0207 <0.660 0403 12 041 183 0745 0589 08 0.596
Pb 4.63 342 262 3.96 0.78 0.122 9.48 256 35 7.26 221 732 7z 10.1
Bi 0.349 0.364 049 0.566 0.184 0.023 0424 0.065 0.183 0.038 0.221 0.288 0.236 0.208
Minimum Detection Limit

Pd 0.026 0.033 0.039 0.023 0.025 0.028 0.031 0015 0.026 0.029 0.029 0.026 0.03 0.027
Pt 0.035 0032 0043 0026 003 0.044 0.039 0.021 0.032 0032 0.031 0.031 0.027  0.034
Au 0.021 0.019 0.017 0.02 0.02 0.024 001 0.009 0.0% 0.019 0.024  0.021 0.024  0.021
Cu - - - - - - - - - - - - - -

Zn 0626 0582 0638 05# 0529 0648 0633 0542 0686 0779 0586 0534 052 0.483
As 041 0.343 0471 0.378 0.388 0.453 0.372 0.756 0.883 16 0425 0.53 0.464 0.398
Se 0645 0604 0649 0597 0573 0641 0604 6.86 8.72 9.82 0749 0976 091 0.793
Mo 0.092 0.1 0.136 0.064  0.14 0.081 0.154 0.041 0.089 0074 0.095 0.7 0.4 0.075
Ag 0016 001 0.018 001 001 0.017 0.016 001 0.008 0017 0.022 001 0.017 001
Cd 0072 0.1 0073 0.085 0.09 0.101 0.16 0084 0087 0.104 0.101
Sb 0.044  0.039  0.041 0.036 0034 0042 0038 0023 0027 0029 0032 0034 0.031 0.03
Te 0.125 0.136 0.186 0.46 0.114 0.6 0.156 0.102 0.159 0.165 0.126 0.134 0.1 0.44
Pb 0.034  0.03 0026 0025 0027 0027 0022 0.021 0.028 0.049 0.035 003 0.028  0.038
Bi 0.013 0.01 0.013 0.01 0.012 0012 0.013 0.006  0.007 0.008 0.011 0.0#% 0012 0.012






media/file16.png
Locality

WR272, 309.5m) |N5 (WR272, 376.3m) ‘N1 (WR272, 396.0m) [N16 (WR272, 506.8m)

>
2
~

Analysis No|1 [2 I [4 2 3 la [4 [2

002 082 <00% 029 50 <0011 008  <00¥ 004  <00B <0020 006  <00®

Pt <007 <00B <00 <0021 <00% <0021 <00B <00% <0026 <0020 <008 <0021 <0020 <0021 <00%W <00B <00R <00 <007 <005
Au 0.8 079 009 025 056 0% 687 095 055  <00® <002 <002 003 0.1 <002 <001 026 028 162 024
Cu 90100 48700 688 7.0 89100 21100 387.00 10200 25800 <0367 <0365 <0375 <0324 892 352 <0281 #200 390 %500 547.00
Zn 2200 170 <0383 10 720 2020 64500 6.03 2700 <0357 <0344 <0356 <03B <0334 <0302 <0281 760 2600 30100  95.00
As 6200 24100 7900 4060  B100 8800 54200 2477.00 29000 3790 4670  88.80 49500 6.2 3120 3060 ©400 7660 25400 246.00
Se 5300 18000 28800 2550 7560 <51 <43 <45 <62 8800 5000 32800 28900 7060 1800 2200 1200 9300 <461 9270
Mo <0079 <0056 <0069 <0074 <0058 <0055 035 053  <0.047 <0060 <0.073 <0.068 <0.039 <0071 <0.047 <0036 <0033 <0028 026 031
Ag 200 052 221 029 071 073 258 127 176 <0009 <0009 <001 <0009 061 <0009 <0009 009 062 080 095
cd 0.8 0.5 0.6 0.0 005 0.8 <0.046

sb 008 379 080 0.6 174 526 887 039 080 <0022 <0024 <0024 <0020 003 004  <00® 081 0.1 2020 077
Te 163 2.9 070 047 182 <0087 028 <0093 020 242 <0082 163 109 0.8 057 436 2.8 072 030 221
Pb 20 5800 1180 541 6530 7600 25500 1B500 7550 002  <00% 004  <00® 0300 003 003 987 359  287.00 6270
Bi 405 463 128 0.0 558 058 035 0.0 061 <0007 <0007 <0007 <0007 020 <0008 <0008 240 208 102 6.94
Pd 002 001 001 002 001 001 001 001 002 002 002 002 002 002 002 002 001 001 0.01 0.01
Pt 002 002 001 002 002 002 001 002 003 002 002 002 002 002 002 002 001 001 002 002
Au 001 0.01 0.01 0.01 001 0.01 0.01 001 0.01 0.01 0.01 001 001 0.01 0.01 0.01 001 0.01 0.01 0.01
Cu 047 042 039 049 034 038 031 034 045 037 037 038 032 037 031 028 033 029 041 029
Zn 043 042 038 046 035 039 034 034 048 035 034 036 031 033 030 028 028 026 036 033
As 056 058 053 060 046 054 045 051 061 025 020 021 023 025 021 020 039 035 047 040
Se 551 530 490 6.0 450 50 430 450 620 039 031 032 031 032 035 031 357 332 461 409
Mo 008 006 007 007 006 006 006 004 005 006 007 007 004 007 005 004 003 003 004 005
Ag 001 0.01 0.01 001 001 001 0.01 001 001 001 0.01 001 001 001 0.01 001 001 001 0.01 001
cd 006 005 005 005 005 005 005

Sb 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01
Te 0.0 0.09 0.09 0.09 02 0.09 0.09 0.09 02 0.07 0.08 0.07 0.09 0.09 0.08 0.06 0.05 0.06 0.08 0.07
Pb 0.02 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.02

Bi 000 000 000 001 000 001 000 000 001 001 0.01 0.01 001 001 0.01 0.01 000 000 000 000
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Locality continue: Nambonga North

Sample No.|N16 (WR272, 5{NN9 (WR280, 744.6m)

Analysis No|5 6 1 2 3 |4 |5

Pd 0.02 <0.0¥4 <0019 <001 <008 <0.010 0.02
Pt 0.02 <0077 <0.022 <007 <00% <0.07  <0.020
Au 131 177 0.02 0.01 <0012 008 <001
Cu 19400 17100 104 0.63 <0433 180 <0.306
Zn 54.90 43.50 046 0.55 <0.339 <0.352 <0.288
As 96.10 219.00 38.90 25.50 25.00 36.10 49.80
Se 45.60 40.50 1225.00 98.80 9180 168.00 9260
Mo 0.6 0.24 <0040 <0.039 <0.032 <0.033 <0.027
Ag 8.80 34.60 0.04 0.01 <0010 008 <0.007
Cd 0.9 0.05 0.20 0.20 0.0
Sb 8.87 130 <0.092 0.06 <0021 0.8 <0.019
Te 181 242 0.64 0.13 <0.086 0.38 <0.075
Pb 76.00 22500 072 0.40 0.05 5.69 0.04
|Bi 1160 16.30 147 194 <0007 2.7 <0.007

Minimum Detection Limit

Pd 0.02 0.01 0.02 0.01 0.02 0.01 0.01
Pt 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Au 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cu 042 042 044 0.33 043 043 0.31
Zn 0.37 0.40 0.33 0.38 0.34 0.35 0.29
As 0.51 0.56 0.28 0.24 0.28 0.33 0.24
Se 473 495 0.54 0.46 0.52 0.54 0.46
Mo 0.05 0.07 0.04 0.04 0.03 0.03 0.03
Ag 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cd 0.05 0.04 0.06 0.04 0.05
Sb 0.01 0.02 0.02 0.02 0.02 0.02 0.02
Te 0.08 0.09 0.09 0.06 0.09 0.09 0.08
Pb 0.01 0.02 0.02 0.02 0.02 0.02 0.02

Bi 0.00 0.00 0.01 0.01 0.01 0.01 0.01
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