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Introduction

Northern Chile is recognized for hosting numerous small to very large porphyry copper deposits [START_REF] Zappettini | Mapa metalógenico de la región fronteriza entre Argentina, Bolivia[END_REF]. One of the giant deposits is Chuquicamata. [START_REF] Zentilli | Spatial coincidence and similar geochemistry of late Triassic and Eocene-Oligocene magmatism in the Andes of northern Chile: evidence from the MMH porphyry type Cu-Mo deposit, Chuquicamata district[END_REF] reported that one fundamental challenge during the exploration of the deposit was the discrimination between "orecarrying Eocene porphyries" and a Triassic granodiorite with similar textural and geochemical characteristics.

Despite the extended research that was carried out on the Chuquicamata cluster, only recently [START_REF] Zentilli | Spatial coincidence and similar geochemistry of late Triassic and Eocene-Oligocene magmatism in the Andes of northern Chile: evidence from the MMH porphyry type Cu-Mo deposit, Chuquicamata district[END_REF] attempted to solve this issue with whole-rock analyses and presented geochemical tools to distinguish the Triassic granodiorite from the Eocene porphyry stocks in the area. Standard geochemical characterization methods for trace elements (e.g., [START_REF] Winchester | Geochemical discrimination of different magma series and their differentiation products using immobile elements[END_REF] did not yield a clear separation. The only consistent geochemical difference found by [START_REF] Zentilli | Spatial coincidence and similar geochemistry of late Triassic and Eocene-Oligocene magmatism in the Andes of northern Chile: evidence from the MMH porphyry type Cu-Mo deposit, Chuquicamata district[END_REF] was that the main Eocene-Oligocene porphyries carry relatively less Fe and Ni than the Triassic granodiorite. This study addresses a similar problem at the Gaby porphyry deposit, located around 120 km south of the Chuquicamata district. Here, the Permo-Triassic Pampa Elvira plutonic complex (PEPC) is one of the hosts for copper mineralization generated by Eocene porphyry intrusions [START_REF] Dilles | Petrologic and Geochemical Studies of the Gaby Sur Porphyry Copper Deposit[END_REF]. The dominant composition found in the PEPC is granodiorite. Both lithologies are similar in texture and chemistry and have not yet been exhaustively investigated. This study uses magnetic susceptibility, bulk and mineral chemistry, and alteration styles to define criteria for differentiation and describe similarities between the PEPC and the tonalite porphyry (TP). The research focuses on part of a drill hole located in the center of the district (Figure 1), intercepting the contact between the two lithologies. 

Methods

The analyzed samples (n=44) are mainly from a single drill hole (DGS-1587) in the center of the district intersecting the two main host lithologies, the PEPC and the TP. Geochemical and electron microprobe (EPMA) data are complemented with measurements from other drill holes in the vicinity of the Gaby open pit (Figure 1; Cugerone et al., this volume).

The magnetic susceptibility (MS) was recorded over the length of the drill core with a handheld magnetic susceptibility meter (KT-10). Measurements were taken in 50 cm intervals to increase the accuracy of the dataset.

Scanning electron microscopy-based automated mineralogy analysis (QEMSCAN) followed petrographic observations on thin sections. This method was used to generate mineral and elemental maps and define the relative mineral proportions on a thin-section scale.

Whole rock analyses of major and trace elements were performed by inductively coupled plasma atomic emission spectroscopy (ICP-AES) and by inductively coupled plasma mass spectroscopy (ICP-MS), respectively. As, Bi, Hg, In, Re, Sb, Se, Te, and Tl were measured with ICP-MS on an aqua regia solution and base metals by four acid digestion followed by ICP-AES. The results were filtered before using them in discrimination diagrams and strongly altered and mineralized samples were left out for these tasks.

White mica, chlorite, and biotite chemistry were studied with a JEOL JXA8200 SuperProbe EPMA at the University of Geneva. The following elements were measured: Si, Al, Ti, Fe, Ca, Mg, Na, K, Mn, Cr, Ba, and Cl. The results were normalized to 11 oxygen atoms per formula unit (apfu) for white mica and 28 apfu for chlorite.

Besides, X-ray diffraction analysis combined with short-wave infrared light spectroscopy was be applied to target alteration minerals. LA-ICP-MS will be used to supplement the EPMA data.

Geology of the deposit

Porphyry copper deposits in northern Chile including the Gaby deposit formed during the Andean cycle of magmatism in the area. The largest deposits were developed in a relatively short period of around 10 m.y. during the Eocene-Oligocene [START_REF] Maksaev | Marco metalogenico regional de los megadepósitos de tipo porfido cuprifero del norte grande de Chile[END_REF], forming the Paleogene metallogenic belt (e.g., [START_REF] Piquer | A new model for the optimal structural context for giant porphyry copper deposit formation[END_REF]). An essential factor for the formation of large deposits is the Domeyko fault zone. Structures belonging to the latter are also present at Gaby, where they preferentially align the intrusive bodies NE-SW [START_REF] Piquer | A new model for the optimal structural context for giant porphyry copper deposit formation[END_REF].

The major host rocks at Gaby are the Permo-Triassic Pampa Elvira plutonic complex consisting mainly of the granodiorite (GD), intruded by the Eocene TP, and the Late Carboniferous-Early Permian [START_REF] Gardeweg | Mapa geológico del área de Imilac y Sierra de Almeida, Región de Antofagasta[END_REF][START_REF] Niemeyer | Triassic age of the continental Pular Formation, Sierra de Almeida, Antofagasta, northern Chile[END_REF]) volcano-sedimentary La Tabla formation to the west [START_REF] Camus | Geología de los sistemas porfíricos en los Andes de Chile[END_REF]. There are multiple Eocene porphyry intrusions recognized in the area, but the TP is volumetrically the most abundant [START_REF] Dilles | Petrologic and Geochemical Studies of the Gaby Sur Porphyry Copper Deposit[END_REF]. All units show internal heterogeneity in texture and degree of alteration.

The focus herein lies on a comparison of the distinctive texture, alteration, and mineralization styles of the PEPC and the TP near the Gaby open pit.

Texture, mineralogy, and geochemistry of the PEPC and the TP

The Pampa Elvira intrusive body can be described as a light grey phaneritic and moderately porphyritic rock consisting of quartz, alkali feldspar, altered plagioclase, and biotite. The magnetic susceptibility (MS) is relatively low and strongly dependent on vein distribution and alteration styles. At the district and drill hole scale, the PEPC can be relatively heterogeneous. Plagioclase and alkali feldspar commonly present sodic alteration (albite). QEMSCAN analyses suggest that roughly twice as much albite is present in the PEPC than in the TP (Figure 2). Albite is present as a product of pervasive alteration and as vein alteration halos. between the PEPC and the TP and cannot be used to differentiate these lithologies. However, several geochemical parameters can be used to separate the two igneous lithologies. The Eu anomaly is the tool with the best potential to easily discriminate the two units. The PEPC has an average negative Eu anomaly of 0.69. Variations of element ratios such as V/Sc, Sr/Y, Zr/Hf, and Nb/Y are strongly dependent on major magmatic processes and can also be used to differentiate the igneous units [START_REF] Winchester | Geochemical discrimination of different magma series and their differentiation products using immobile elements[END_REF][START_REF] Halley | Mapping magmatic and hydrothermal processes from routine exploration geochemical analyses[END_REF]. Figure 3 shows their good correlation over depth and sharp increase at the igneous contact with the TP. The most consistent here appear to be Sr/Y (depending on plagioclase fractionation and the water content of the magma; [START_REF] Richards | High Sr/Y magmas reflect arc maturity, high magmatic water content, and porphyry Cu ± Mo ± Au potential: Examples from the Tethyan arcs of central and eastern Iran and western Pakistan[END_REF] and Zr/Hf (related to the fractional crystallization of zircons; Lowery [START_REF] Lowery Claiborne | Tracking magmatic processes through Zr/Hf ratios in rocks and Hf and Ti zoning in zircons: An example from the Spirit Mountain batholith, Nevada[END_REF]. The PEPC has an average Zr/Hf ratio of 34.6.

The TP is a dark grey porphyritic rock with an aphanitic groundmass. Its MS signal is higher in the deeper part of the core which is related to stronger potassic alteration. The rock consists mainly of large plagioclase phenocrysts in a fine-grained groundmass of quartz, alkali feldspar, and biotite. The amount of biotite is higher than in the PEPC (Figure 2). As aforementioned, the alteration is fundamentally different in the TP. Like in the PEPC, albitization is also present, but here it occurs as a weak background sodic alteration. Potassic alteration is characterized by an increase in hydrothermal biotite associated with minor alkali feldspar and magnetite. The TP has an average Eu anomaly of 0.95. This means that the anomaly is close to neutrality and therefore could be successfully used to discriminate the porphyritic intrusion from the host PEPC. Additionally, the Zr/Hf ratio is around 39.9 (compared to 34.6 in the PEPC).

QEMSCAN was used to quantify the mineral proportions for each sample according to their depth in Figure 3. The increase in plagioclase and drop in alkali feldspar and albite contents are demonstrated.

Alteration mineral chemistry

White mica alteration does not vary significantly between the two lithologies. The white mica composition corresponds to muscovite-phengitic muscovite [START_REF] Tischendorf | A new graphical presentation and subdivision of potassium micas[END_REF]). The compositional trends in white mica chemistry are presented in Figure 4A, showing higher variability in white mica chemistry in the PEPC.

Changes in chlorite chemistry between the PEPC and TP are also noticeable. All the chlorite grains analyzed can be described as trioctahedral Mg-and Fe-chlorites (Figure 4B). In the PEPC, the Fe and partly Al contents are higher than in the TP.

The magmatic and hydrothermal biotite chemistry reveals variation between the targeted grains but is inconclusive at this stage. 

Discussion and conclusions

While the PEPC and TP at the Gaby porphyry copper deposit cannot always be differentiated macroscopically, dominant alteration styles and some geochemical characteristics prove to be good vectors to discriminate them. The proportions of feldspars are largely controlled by lithology. The Eu anomaly, as well as Sr/Y and Zr/Hf ratios also yield good results. It is demonstrated that these methods can be applied on a single drill core or district scale and present a powerful tool for correct discrimination between macroscopically similarlooking lithologies.

White mica, chlorite, and biotite compositions revealed by EPMA indicate distinct trends in chemistry (e.g., chlorite depleted in Fe in TP), but require additional verification with trace element analysis by LA-ICP-MS technique.
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 1 Figure 1. Simplified geological map of the Gaby district at an elevation of 2540 m.a.s.l. with an outline of the open pit. The location and trace of the drill hole DGS-1587 are marked (modified after Reygadas et al. 2023).
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 2 Figure 2. QEMSCAN maps of the two lithologies. A Non-mineralized sample of the PEPC. B Non-mineralized sample of the TP. C and D Pie charts of the area % of the selected samples in the PEPC (A) and in the TP (B). The low amount of alkali feldspar is demonstrated.

Figure 3 .

 3 Figure 3. Drill log of DGS-1587 combining core logging with magnetic susceptibility data (MS in 10 -3 SI) over depth, elemental ratios, and QEMSCAN mineral fractions (area %). The second column of QEMSCAN results presents the variation in feldspar content. Mineralization (Mineral.) type is presented as porphyry-style (red) and polymetallic (yellow) veins. Lithology color codes as in Figure 1. Potassic alteration is observed overprinting the sodic alteration. Like albitization, it exists both along veins and as a background alteration in the host rock. The mineralization style does not vary

Figure 4 .

 4 Figure 4. A Mg-Fe-Si versus total Al plot demonstrating the similarity in white mica chemistry. B Chlorite Total Al + octahedral vacancy-Mg-Fe compositional diagram, showing a range of Mg-to Fe-rich chlorite in the GD (after Zane and Weiss 1998).
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