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Introduction

Found in numerous archaeological sites associated to burials [START_REF] Cabrero | Copper Bells in the Bolaños Culture, Jalisco[END_REF], sometimes still attached to a whole anklet brace (Portoni et al., 2012), frequently made in copper-base alloys, and occasionally made in silver [START_REF] Medina González | Metalurgia proto-tarasca del Occidente mesoamericano: una aproximación científica a la materia y tecnología de artefactos metálicos de sitio arqueológico de Malpaís Prieto, cultura uacúsecha[END_REF] or in gold (López Lujan and Sil, 2015), small bells are the most abundant metal artefacts found in Mesoamerican sites [START_REF] Paris | Metallurgy, Mayapan, and the Postclassic Mesoamerican world system[END_REF]. It has been suggested that they were worn in rites and dances around the waist or around the ankle, as their sounds should play a central role in agricultural and human fertility rites [START_REF] Hosler | The sounds and colors of power: the sacred metallurgical technology of ancient West Mexico[END_REF]. Even if some types have been related to productions from Colombia, Ecuador and Central America [START_REF] Arsandaux | Contribution à l'étude de la métallurgie mexicaine[END_REF][START_REF] Pendergast | Metal Artifacts in Prehispanic Mesoamerica[END_REF][START_REF] Hosler | Ancient West Mexican Metallurgy: A Technological Chronology[END_REF][START_REF] Hosler | Los orígenes andinos de la metalurgia del occidente de México[END_REF], the most widespread examples are almost absent from Pre-Columbian sites excavated in the south-central Andes. Only a few specimens have been found in Argentina, for instance in the province of Jujuy [START_REF] Debenedetti | La influencia hispánica en los yacimientos arqueológicos de Caspinchango (provincia de Catamarca)[END_REF], in northern Chile [START_REF] Latcham | Metalurgia atacameña[END_REF], and in the north coast of Peru [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF]. Indeed, small metallic bells are only occasionally found in excavations in the Andean area, but they are sometimes found in groups (Gonzalez, 1979;[START_REF] Llagostera | El complejo psicotrópico en Solcor-3 (San Pedro de Atacama)[END_REF]. Despite the scarcity of studies focusing on these objects, they were classified in four typological groups: pyramidal folded, truncated conical, truncated conical with oval section ("santamarianas"), and conical [START_REF] Gudemos | Campanas arqueológicas de metal del Noroeste argentino. Entre el poder y los dioses[END_REF][START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF]. Their chronological spread was not fully established. However, conical bells with oval section were assigned to late pre-Hispanic periods (Gonzalez, 2007) and small conical bells in copper base alloys have been assigned to the Incan period (Pérez de [START_REF] Pérez De Arce | Cronología de los instrumentos sonoros del Área extremo sur Andina[END_REF]. In fact, one of the child mummies -the maiden "La Doncella" -from the mountain sanctuary of Llullaillaco in Argentina (Reinhard and Cerruti, 2010;[START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF] was ornamented with bells of this type, specimens that were also found along with miniature cups in Corral Redondo, an Incan site in Peru [START_REF] King | Further notes on Corral Redondo, Churunga Valley[END_REF]. Made by rolling a metal sheet, these bells seem typical of the south-central Andean ornaments, and may be feminine [START_REF] Izikowitz | Musical and other sound instruments of the South American Indians. A comparative ethnographical study[END_REF], and produced by the Chancay, the Chimú and the Incas (Pérez de [START_REF] Pérez De Arce | Cronología de los instrumentos sonoros del Área extremo sur Andina[END_REF]. Under the Incas, they seem to be a specific typology of the region of Cusco and, from a broader point of view, of the Titicaca Lake area [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF]. Small conical bells are also among the metallic objects found in the site of Tiwanaku, located in the altiplano, near the southern shore of Lake Titicaca, in Bolivia [START_REF] Uhle | Kultur und Industrie südamerikanischer Völker[END_REF][START_REF] Posnansky | Estudio, conservación y montaje de dos tobilleras de cascabeles provenientes del sitio arqueológico Teteles de Santo[END_REF]. Furthermore, small metallic bells were shown to be used in funerary rites in the large area of influence of the Tiwanaku culture [START_REF] Stovel | Patrones funerarios de San Pedro de Atacama y el problema de la presencia de los contextos tiwanaku[END_REF], and to be associated with the circulation between the important altiplano ceremonial site and the Argentinian northwest, the Atacama desert, Tarapacá and Arica (Pérez de [START_REF] Pérez De Arce | Campanas metálicas santamarianas[END_REF]. A few specimens of small bells found in archaeological context are in gold. They usually belong to the conical and to the truncated conical groups, but a few specimens belonging to the pyramidal folded group are also among the finds [START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF][START_REF] Marsh | Khonko Wankane: segundo informe preliminar del proyecto arqueológico Jach'a Machaca[END_REF][START_REF] Izikowitz | Musical and other sound instruments of the South American Indians. A comparative ethnographical study[END_REF]. Conical and truncated conical gold small bells were found in excavated sites related to the Tiwanaku and to the Inca cultures in Chile and Argentina. Similar bells are well represented in Bolivian collections, but they are frequently unprovenanced. Along with small bells can be found ceremonial drinking cups, named keros, which were occasionally made in miniature. The shape and decoration of small bells and keros in precious metals [START_REF] Carcedo | Reflection on the Sicán and Chimú silver production of kero-type beakers and disks: their iconography and its relationship to Chimú miniatures[END_REF][START_REF] Carcedo | Los vasos-efigie antropomorfos: un ejemplo de la orfebrería de la costa central durante el Periodo Intermedio Tardío y el Horizonte Tardío[END_REF] are frequently similar, which may lead to a misclassification. For example, one miniature kero in silver from Pucará de Rinconada [START_REF] Boman | Antiquités de la région andine de la République argentine et du désert d'Atacama[END_REF] and some small bells from the Atacama region [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF] have analogous shapes and decorations. The kero is, in addition, widely produced in the Andean area in various materials and forms [START_REF] Cummins | Inka art[END_REF][START_REF] Flores | From Colonial kero to Republican kero[END_REF][START_REF] Ramos Gómez | Las vasijas de madera ornamentadas con laca utilizadas por los dirigentes andinos de la época colonial: función y tipología de sus formas[END_REF][START_REF] Villanueva | La cerámica Tiwanaku de la isla Pariti como recipiente: performances y narrativas[END_REF][START_REF] Sagaseta | El kero: vaso ritual de los incas[END_REF]. In his description of the New World (book six, chapter XXIII), the Inca Garcilaso de la Vega describes their use in many Incan ceremonies and refers to a production by pairs and in miniature, as follows: the drinking vessels are similar two by two, large and small, but each pair is similar in shape and size and made using the same material, gold, silver or wood (Garcilaso de la Vega, 1609). Despite the difficulties raised by their typologies and therefore by their classification, the aim of this work is to make a first approach to understanding the technologies and alloys employed in the production of small gold bells. Fourteen unprovenanced gold miniatures in the collection of the National Museum of Ethnography and Folklore (MUSEF), La Paz, Bolivia, classified as bells, were studied using portable equipment. In order to provide further discussion on the analytical data obtained, the alloys employed in their production are compared to published data on Tiwanaku and Incan gold objects and on native gold from Andean deposits.

The gold miniatures in the MUSEF collection

Even if some specimens have been suggested to be female hair ornaments [START_REF] Izikowitz | Musical and other sound instruments of the South American Indians. A comparative ethnographical study[END_REF], small bells found in the Andean area were supposedly sewn into the funerary textiles or into the costumes of dancers and participants to rites to produce sounds when clicking them together [START_REF] González | Instrumentos musicales precolombinos de Chile[END_REF]. In fact, a few small bells were found in burials still attached to fragments of textiles or sewn onto clothing. These include, one in copper found with one miniature silver cup at Pucará de Rinconada in Argentina [START_REF] Boman | Antiquités de la région andine de la République argentine et du désert d'Atacama[END_REF]; some in gold from several burials at Larrache in Chile [START_REF] González | Instrumentos musicales precolombinos de Chile[END_REF]; and one in silver found with a small silver tube in Ancón in the central coast of Peru [START_REF] Reiss | The necropolis of Ancon in Peru: A contribution to our knowledge of the culture and industries of the empire of the Incas[END_REF]. The presence in tombs of small bells in precious metals is certainly related to the symbolism of gold and silver and to the importance of the buried personage, but their function would then be merely decorative [START_REF] Debenedetti | La influencia hispánica en los yacimientos arqueológicos de Caspinchango (provincia de Catamarca)[END_REF]. Small silver bells are much less frequent than gold ones, possibly due to accelerated corrosion processes during burial. The two specimens found with body 3 at the Casa Parroquial cemetery in Chile [START_REF] Téllez | El cementerio "Casa Parroquial"; un rescate afortunado[END_REF] are examples of such highly corroded silver specimens.

Pyramidal folded bells, already found in Early Period Ciénaga burials dated to phases II and III [START_REF] González | Pre-Columbian metallurgy of Northwest Argentina: historical development and cultural process[END_REF] are of various dimensions [START_REF] González | La rebelion de los bronces. Estudios sobre metalurgia prehispanica en el noroeste argentino[END_REF]. They are certainly the most abundant type of bells in the Andean area, because specimens were found in Argentina, Bolivia, Chile and Peru [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF]. However, even though a few small specimens in gold were found in Chile, Argentina [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF][START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF][START_REF] Izikowitz | Musical and other sound instruments of the South American Indians. A comparative ethnographical study[END_REF] and Bolivia [START_REF] Marsh | Khonko Wankane: segundo informe preliminar del proyecto arqueológico Jach'a Machaca[END_REF], the most widespread typologies of small bells made from that metal are, as mentioned above, the conical and the truncated conical forms.

In the collection of the MUSEF are fourteen miniatures in gold with holed bases that can be classified as bells. The family Ballivian de Gutiérrez donated the group of miniatures in 2010 to the museum, along with other pieces in gold and silver. The pieces were acquired by several generations devoted to collecting since the early twentieth century. The donation records indicate that many of the pieces were obtained and then sold by residents of the altiplano, in the Titicaca Lake area, but none of them has an exact provenance.

The patterns on the bodies of the decorated gold bells in the collection of the MUSEF (Figure 1) form one or two bands. The miniature bells from different sites excavated in the province of Jujuy in Argentina -Pucará de Tilcara, San José [START_REF] Gudemos | Campanas arqueológicas de metal del Noroeste argentino. Entre el poder y los dioses[END_REF], Caspana [START_REF] Ayala | El cementerio de los abuelos de Caspana: El espacio mortuorio local durante el dominio del Tawantinsuyu[END_REF], Huayra Huasi [START_REF] Ventura | La metalurgia de los valles orientales del norte de Salta, Argentina[END_REF] -and the seven specimens from tombs 356 and 359 excavated at Callejón de Larrache in Chile [START_REF] Benavente | Larrache, evidencias atípicas. ¿Tiahuanaco en San Pedro de Atacama?[END_REF] are decorated with several bands. The decoration of the Bolivian specimens and of keros from sites related to Tiwanaku are similar. We can cite the two specimens from Pucará de Volcán in Argentina [START_REF] Gatto | Exploraciones arqueológicas en el Pucará de Volcán[END_REF] and the miniature one from tomb PA6A at Pariti Island in the Titicaca Lake [START_REF] Bennett | Excavations in Bolivia[END_REF] in gold, the one from Coyo Oriente in Chile (Uribe and Agüero, 2011) in black polished ceramics. Those with complex motifs from Larrache [START_REF] Torres-Rouff | Tiwanaku influence and social inequality: A bioarchaeological, biogeochemical, and contextual analysis of the Larache cemetery, San Pedro de Atacama, Northern Chile[END_REF], Casa Parroquial [START_REF] Téllez | El Cementerio "Casa Parroquial"; un rescate afortunado. San Pedro de Atacama, Chile[END_REF], and Pariti Island [START_REF] Bennett | Excavations in Bolivia[END_REF][START_REF] Korpisaari | Pariti: the ceremonial Tiwanaku pottery of an island in Lake Titicaca[END_REF]) also have bands. Knowing that the keros can be found in miniature [START_REF] Cummins | Inka art[END_REF] and in pairs (Ziólkowski, 1979;[START_REF] Cummins | Toasts with the Inca: Andean abstraction and colonial images on kero vessels[END_REF] -pairs in miniatures were found in the Incan capacocha contexts of Ampato in Peru and Llullaillaco in Argentina [START_REF] Reinhard | Rituals and sacred mountains. A study of the world's highest archaeological sites[END_REF] -it is possible that some objects in the collections have been misclassified. However, we suggest that small gold bells should have a hole for sewing into the textile, such as those of our corpus.

Among the bells studied, 27459, 27460, 27461 and 27462 are undecorated specimens. Bell 27459, a little larger than the other three, could have originally been decorated with thin lines. Bells 27460 and 27461 have the same shape and dimensions. Originally, the latter could have been part of the same set or form a pair. Similarly, even if they do not form exact pairs, certain bells decorated with bands in our corpus are analogous: 27328 and27329; 27217 and27218; and27268, 27274 and27275. The incomplete specimen 27256 was originally of greater height than all the studied objects. The round perforation at the base shown in Figure 2 could be modern indicating that this specimen might be a broken miniature kero. Two unprovenanced small effigy keros in gold (numbers 27219 and 27226, respectively 3.8 cm and 7.6 cm height) in the collection of the MUSEF are not perforated. Kero 27226 is published (Fernandez Murillo, 2016), but not kero 27219. This, the smallest one (Figure 1), with a damaged but not originally perforated base (the gold sheet that cracked is crooked half inside and half outside, as shown in Figure 2), was added to our corpus for comparison.

Methods of analysis

The gold bells and the miniature kero in the MUSEF collection were studied in-situ using non-invasive techniques and portable equipment [START_REF] Guerra | An overview on the ancient goldsmith's skill and the circulation of gold in the past: the role of X-ray based techniques[END_REF][START_REF] Guerra | Bronze Age and Iron Age gold torcs and earrings from the Iberian Atlantic façade: a non-invasive multi-analytical approach to the characterisation of the alloys and the corrosion[END_REF][START_REF] Guerra | In-situ examination and analysis of the gold jewellery from the Phoenician tomb of Kition (Cyprus)[END_REF]. The construction details were observed under a high-resolution Flexia video microscope with a zoom reaching x80, built-in LED illumination and Bersoft image measurement software. The composition of the alloys was determined with the handheld XRF spectrometer of the MUSEF, a Niton Thermo Scientific XL3t GOLDD, with 3 mm spot collimation, and with an Ag X-ray tube operating at 50 kV, 200 µA. The objects were positioned on the fixed spectrometer table to ensure constant measurement conditions, and the integrated CCD camera was used for locating the area of interest in order to avoid irregular surfaces and select the flattest areas.

For quantitative analysis, we used the method delivered by Thermo Scientific with the Niton XL3t GOLDD spectrometer, which was operated in precious metals mode. The XRF analyses were carried out with an acquisition time of 240 sec. The majority of the results reported below correspond to averages of 2-3 measurements.

A set of both standard reference materials certified for element contents and internal reference gold alloys were analysed with the same experimental conditions as the objects. The data obtained for these alloys, which cover a wide range of Au, Ag and Cu contents, was normalised to 100 wt% and is summarised in Table 1. The results were used to validate the measured amounts and to construct an adjustment curve to be fitted to the elemental data. The use of standard reference materials certified for element contents also allowed a check on any influence of the X-ray tube Ag anode on the Ag concentrations determined for the alloys. As shown in Table 1, the analysis of standard CLAL1 containing 50 wt% Au, 50 wt% Cu and no Ag has in fact indicated a very low error in the amount of silver (0.1 wt%).

When three results are excluded from Table 1, the accuracy of the data is typically better than 5% relative. Precision was checked by the repeated analysis of standard LA1, showing that it is better than 2% relative. The confidence level for data obtained using handheld XRF is in general good [START_REF] Hull | Accuracy, precision, and confidence in X-ray Fluorescence for positive material identification[END_REF], in our case even for not entirely flat surfaces (see below section 4.2 and Table 3). However, XRF analyses only the surface layers of gold alloys [START_REF] Troalen | Goldwork in Ancient Egypt. Workshop practices at Qurneh in the 2 nd Intermediate Period[END_REF]. When using a specific setup, the penetration depth varies for a particular incident energy according to the composition of the alloys and the energy of the X-ray lines used for elemental quantification [START_REF] Troalen | Gold from the tomb of Scribe Beri: a comparative analytical approach to the New Kingdom gold grave goods from Riqqa (Egypt)[END_REF]. When using low energy X-ray lines the analysed layer might not be representative of the bulk. In our case, as shown below, the gold alloys mostly contain rather high amounts of Ag (see Table 2) and we were able to use the Cu and Ag K-lines and the Au L-lines. Therefore, the analysed layer is expected to be more than about 10 µm [START_REF] Troalen | Goldwork in Ancient Egypt. Workshop practices at Qurneh in the 2 nd Intermediate Period[END_REF].

Results and discussion

4.1. Technologies employed All objects were observed under the stereomicroscope to search for details of fabrication. Decorated bells 27269, 27274, 27275, 27328, 27329, 27330 and 27331 have horizontal bands that seem to have been formed by chasing (the majority of the tool marks are indistinguishable). They can be assigned to a specific technological tradition, because they are all made by folding at one end of the gold sheet. Figure 4 shows the base hole and the visible seams related to the process of folding. The form of their base holes is very irregular.

At the base of a few specimens, seams and cracks suggest the use of a mounting process that consists of rolling a gold sheet and joining at one end a closing sheet (Figure 4a). In the Andean area, the Tehuelches employed this technique in the ninetennth century to produce truncated conical silver bells (Pérez de Arce, 1986). In addition, two among the four truncated conical small gold bells from the site of Huayra Huasi [START_REF] Ventura | La metalurgia de los valles orientales del norte de Salta, Argentina[END_REF] could have been made using that technique, because their bases are missing. Bell 27328, shown in Figure 4, has a closing gold sheet, but the main gold sheet is folded at that end. Despite cracks in regions subject to higher mechanical stress, it was also possible to distinguish in the body of some specimens the seam corresponding to joining using the hard soldering process, as illustrated in Figure 4b for bell 27328. The presence of such seams indicates that the tube was completed by rolling and soldering a gold sheet. This technique was regularly employed in the production of conical bells (Pérez de [START_REF] Pérez De Arce | Cronología de los instrumentos sonoros del Área extremo sur Andina[END_REF] Bells 27217 and 27218 with larger borders than the others, but also decorated with horizontal lines, show regular round holes (Figure 5) and signs of wear-use. The undecorated specimens (27459, 27460, 27461 and 27462) also show fairly regular round holes (Figure 5). The numerous cracks in the gold sheets make it difficult to suggest their construction technology, but it is possible that a gold sheet was added to form the base.

Interestingly, under low magnification, no signs of rolling, soldering, or folding could be found on the gold sheets of miniature kero 27219 and the incomplete specimen 27256. Therefore, they could have been made by raising a gold sheet, a technique regularly used in the production of keros [START_REF] Easby | Pre-Hispanic metallurgy and metalworking in the New World[END_REF][START_REF] Carcedo | Instrumentos líticos y de metal utilizados en la manufactura de piezas metálicas conservadas en los museos[END_REF].

4.2.

The gold alloys Data obtained by handheld XRF for the gold miniatures in the collection of the MUSEF are summarised in Table 2. The alloys are quite variable, containing 10-63 wt% Ag and 0.5-5.5 wt% Cu, but the undecorated specimens contain lower Ag contents than the decorated ones. For many specimens, data obtained for the body and the base are quite different but, despite the difficulties related to the elemental analysis of the tiny and not entirely flat bases, results obtained from triplicate analyses have shown comparable values, as shown in Table 3 for bell 27274, confirming the differences observed.

The two diagrams in Figure 6 show the Ag and Cu contents obtained for the bodies and the bases of the decorated and undecorated objects. Contrary to the other objects, incomplete specimen 27256, effigy kero 27219 and undecorated bell 27462 (the smallest specimen of our group that contains the highest Au contents) are homogeneous. Therefore, 27256 is certainly a miniature kero made by raising a gold sheet, and 27462 could have been made by employing the same technique. Also added to Figure 6a are two higher (7.6 cm and 14.5 cm height) unprovenanced anthropomorphic keros (references 27233 and 27226) in the MUSEF collection that were previously analysed [START_REF] Murillo | Alianzas del metal. La colección de minería y metales del Museo Nacional de Etnografía y Folklore, según la cadena de producción[END_REF], but their composition does not match that of the miniature keros.

Undecorated bells 27460 and 27461, with the same shape and dimensions, could originate from one batch. Likewise, bells 27217 and 27218, bells 27268, 27274 and 27275, and bells 27328 and 27329, similar in shape and dimensions, are made from similar alloys. It is known that bells are often found in groups and keros in pairs. Some of the twenty-three miniature gold keros (2.6-3.7 cm height) from pit 6 of the excavations on Pariti island in the Titicaca Lake [START_REF] Bennett | Excavations in Bolivia[END_REF] have forms that resemble bells and ten of them form five pairs. However, in our corpus specimens 27268, 27274 and 27275 form a group typologically and chemically, reinforcing their classification as bells.

The objects' bases show quite diverse compositions. In general, they have higher Ag contents than the bodies, which seems to reinforce the suggested addition of a base sheet to close the gold tube and perhaps indicate the presence of a solder alloy, indistinguishable under low magnification. It is difficult to provide further comments on the results obtained, due to lack of equipment with higher spatial resolution and of published data for comparison. In fact, to our knowledge, only one small gold bell was previously submitted to analytical study. It belongs to the group of six pyramidal folded bells found in grave 11 excavated at La Isla de Tilcara cemetery, in the province of Jujuy, Argentina [START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF]. What should also be cited are two undetermined gold fragments from tombs excavated in San Pedro de Atacama related to the Tiwanaku culture and containing gold keros, that have shown the use of alloys containing 16-18 wt% Ag and low amounts of Cu [START_REF] Theile | Conservación y análisis de los vasos de oro del Museo Arqueológico Gustavo Le Paige de San Pedro de Atacama[END_REF]. These objects are plotted in the diagram of Figure 6a together with the four gold sheets (one in the form of a llama) also from tomb 11 at La Isla de Tilcara and three objects dated to the same periodone gold sheet in the form of a bird, one armband and one finger ring -from the site of Pueblo Viejo de La Cueva in the same region [START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF]). The majority are within an area corresponding to gold alloys containing 15-20 wt% Ag which also includes the two keros and bells 27460, 27461, 27328 and 27329. Three published gold objects were not plotted in the diagram. One is a 'T' axe excavated in Casa Parroquial (containing 2.4 wt% Ag and 3.3 wt% Cu, [START_REF] Salazar | Metal production during the Middle Period in San Pedro de Atacama: new data, new questions[END_REF] and the other two are anthropomorphic keros (about 10 cm height) found in Rio Doncellas, Argentina (a site in the province of Jujuy associated to Tiwanaku), made from Au-rich (10 wt% Au) silver alloys (Rolandi de [START_REF] Rolandi De Perrot | Un hallazgo de objetos metálicos en el área del Río Doncellas (Pcias. de Jujuy)[END_REF] Indeed, the majority of the objects analysed in this work contain Ag contents ranging from 25 wt% to 55 wt%. It is interesting to note that based on the analytical study of gold objects attributed to the southern coast of Peru in the Uhle Collection at the University of California, Root (1949a) stipulates chronological ranges of composition. The earliest objects, made by the early Paracas culture, contain 1-19 wt % Ag and 0-4 wt% Cu, whilst those made during the Middle Ica II period contain 25-48 wt% Ag, and those dated to the Inca period up to 40 wt% Ag. Recent data on anthropomorphic and zoomorphic miniature figurines of regular types produced in Incan times for ritual offerings are plotted in Figure 7 with our objects. Those figurines are in the collections of the Ethnologisches Museum in Berlin [START_REF] Guerra | Inca figurines from the Ethnologisches Museum in Berlin: an analytical study of some typical and atypical productions[END_REF], Museo de América [START_REF] Rovira Lloréns | Los objetos de metal de la colección Juan Larrea: un estudio arqueometalúrgico[END_REF][START_REF] Rovira | Inca metallurgy: a study based on the collections of the Museo de America in Madrid[END_REF] and musée du quai Branly [START_REF] Núnez-Regueiro | The Inca figurines of the musée du quai Branly -Jacques Chirac: typological variety and production chronology[END_REF], to which were added a few provenanced specimens from the area of Cusco (Sierra Palomino and Guerra, 2017) and those from the Aconcágua [START_REF] Bárcena | Las piezas metálicas de la ofrenda ritual del Cerro Aconcagua. Mendoza, República Argentina[END_REF] and El Plomo (Oberhauser et al.1959) capacocha shrines.

It can be seen that our objects, as well as the finger ring and the armband from Pueblo Viejo de La Cueva, are within the range of alloys employed by the Incas, which mostly contain 25-50 wt% Ag. Data obtained for the Ica and Inca cultures by Root (1949a) match the data plotted in Figure 7, as well as the two objects (a third one contains 12.2 wt% Cu but no Ag) attributed to the Incan period excavated at Casa Morada de La Paya in Argentina that contain 4.9 wt% and 44.8 wt% Ag [START_REF] González | Instrumentos musicales precolombinos de Chile[END_REF].

It is not our intention to relate the composition of our alloys to a supposed chronology of production. Nevertheless, Root (1949a) concludes that the alloys containing high Ag contents must be assumed to be artificial. Therefore we considered it important to compare our results with the composition of natural gold from the deposits located in the Lake Titicaca area, as proposed below. Moreover, we wish to point out that in the Andean area the colour of the alloys has important significance [START_REF] Lechtman | Inka, and Andean metallurgical tradition[END_REF]2014). Gold alloys containing Ag concentrations below and above 25 wt% (Cu is always present in low concentration in our objects) correspond to the use of either yellow or more or less pale green yellow gold alloys in the ternary colour diagram Au-Ag-Cu [START_REF] Rapson | The metallurgy of the coloured carat gold alloys[END_REF], with a change in other alloy properties (solidus, hardness, tensile strength, etc., Grimwade, 2009). A subtle colour variation is perceptible. The alloy becomes whitish only when Ag is present above 50 wt%. However, in the case of ritual goldwork, more important than the colour is the reflectivity of gold-silver alloys [START_REF] Guerra | Physicochemical approaches to gold and silver work, an overview: Searching for technologies, tracing routes, attempting to preserve[END_REF]. The alloy appearances, depending on the lighting, contribute to the categorization of the objects (Fleming 2013). For gold-silver alloys, the reflectivity increases with increasing Ag contents [START_REF] Roberts | The colour characteristics of gold alloys[END_REF]. Therefore, the significantly higher Ag content in our objects greatly increases their surface reflectivity providing a singular visual perception to objects of great significance. By their appearance, gold objects employed in rites are thus more easily related to the sun [START_REF] Berthelot | The extraction of precious metals at the time of the Inka[END_REF][START_REF] Sauders | Stealers of light, traders in brilliance: Amerindian metaphysics in the mirror of conquest[END_REF], through both the employed material (gold) and the associated lustre.

Native gold alloys in Andean deposits

The gold alloys employed in La Isla de Tilcara and Pueblo Viejo de La Cueva were associated by [START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF] with access to placer gold. Root (1949a) and [START_REF] Lechtman | The Central Andes: metallurgy without iron[END_REF] associated those employed in the southern Andes of Peru to either natural or artificial alloys depending on the amounts of Ag contained in the alloys. This suggestion is reinforced by the low Ag (3.6-4.6 wt%) and Cu (0.21-0.32 wt%) amounts contained in the earliest gold objects from the central Andes, a group of beads found in the Terminal Archaic burial context at Jiskairumoko, in the south-western Lake Titicaca basin in Peru [START_REF] Aldenderfer | Four-thousandyear-old gold artifacts from the Lake Titicaca basin, southern Peru[END_REF].

The composition of natural gold from certain deposits in Argentina, Bolivia, Chile and Peru have been related to the production of ancient goldwork [START_REF] Boman | Antiquités de la région andine de la République argentine et du désert d'Atacama[END_REF][START_REF] Rivet | La métallurgie en Amérique précolombienne[END_REF][START_REF] Petersen | Minería y metalurgia en el antiguo Perú (Mining and metallurgy in ancient Perú[END_REF], showing that Ag is frequently present in amounts below 10 wt%, attaining in a few cases 20 wt%. These natural alloys contain lower Ag contents than our objects and the Cu contents in native gold are below 1 wt% with the exception of two samples from Bolivia [START_REF] Rivet | La métallurgie en Amérique précolombienne[END_REF] and two samples from Peru [START_REF] Petersen | Minería y metalurgia en el antiguo Perú (Mining and metallurgy in ancient Perú[END_REF], that are also lower than the values shown in Figure 7. Only one sample from the river Tumbes in Peru contains 26 wt% Ag [START_REF] Petersen | Minería y metalurgia en el antiguo Perú (Mining and metallurgy in ancient Perú[END_REF]. It is in fact in Colombia, in deposits localised far from the Titicaca Lake area, that Ag frequently attains 15-20 wt% in natural gold (Root, 1949b).

The gold resources in the Titicaca Lake area have been suggested to be sufficient to cover the production needs in the area [START_REF] Núñez | Tráfico de metales en el área centro-sur andina: factos y expectativas[END_REF]. In fact, the rich Andean resources [START_REF] Burger | Some thoughts on mining and quarrying in the ancient Andes[END_REF] also include access to gold-bearing quartz veins and placer deposits (Cuadra and Dunkerly, 1991;[START_REF] Soler | Essai de synthèse sur la métallogénie du Pérou[END_REF][START_REF] Alarcón | Análisis de oro por microsonda (E.P.M.A.) en depósitos primarios de oro de la provincia metalogenética andina de Bolivia y su significado genético[END_REF][START_REF] Schreiber | Geologic setting, paragenesis, and physicochemistry of gold quartz veins hosted by plutonic rocks in the Pataz region[END_REF][START_REF] Berthelot | The extraction of precious metals at the time of the Inka[END_REF]. Although the majority of the published work focusing on the composition of gold grains from the Andean area considers the grains fineness only, some data is however available. Even if a few grains contain 85-90 wt% Au, Au contents range essentially between 90 wt% and 100 wt% for deposits at the north of La Paz, such as Consata Mapiri, Tipuani, Mariapu, Cangalli, Yani, La Rinconada, and other deposits in the Eastern Cordillera (Hérail at al., 1988[START_REF] Hérail | Morphological and chemical evolution of gold grains during the formation of a polygenic fluviatile placer: the Mio-Pleistocene Tipuani placer example (Andes, Bolivia)[END_REF]Fornari and[START_REF] Miranda Angles | Los placeres de oro de la región de Mapiri (Bolivia) y sus fuentes primarias[END_REF]. This confirms that natural alloys in the Titicaca Lake area contain lower Ag contents than many of our objects. The same situation is demonstrated for gold deposits in the Eastern Bolivian Cordillera situated south of La Paz, some of them said to be exploited since the Incan period [START_REF] Alarcón | Análisis de oro por microsonda (E.P.M.A.) en depósitos primarios de oro de la provincia metalogenética andina de Bolivia y su significado genético[END_REF], including the Vilander and Guadalupe deposits in the south Lípez (Fornari et al., 1991;[START_REF] Ramos | Problemática de la presencia de oro en los Lípez[END_REF]. In fact, the gold grains have been shown to contain Ag contents varying from 1 wt% to 30 wt%. Once more, the Cu contents, always below 0.1 wt%, do not match the composition of our objects. Identical values were obtained for gold grains from deposits situated further away. Those from the south-eastern Andes of Peru [START_REF] Fornari | Les gisements d'or des Andes sudorientales du Pérou[END_REF] and from Cerro Casales (Palacios et al., 2001;[START_REF] Townley | Gold grain morphology and composition as an exploration tool: Application to gold exploration in covered areas[END_REF] and San Pedro de Cachiyuyo [START_REF] Hérail | Gold dispersion in Andean desertic environment (Atacama, Chile)[END_REF] in the Atacama region in Chile have shown Ag contents below 21 wt% and Cu contents up to 0.6 wt%, respectively: 2-10 wt% Ag and 0.1-0.5 wt% Cu; 5-21 wt% Ag and 0.01-0.2 wt% Cu (a few containing up to 28 wt% Ag and 0.35 wt% Cu); and up to 10 wt % Ag and 0.6% Cu.

The Ag contents of our objects and of the gold grains were plotted in Figure 8, showing that only some of our objects could have been produced with natural alloys. In fact, only gold grains from deposits located far from the Titicaca Lake area contain high Ag contents. Examples are the quartz veins of the Pataz deposits in the north of Peru exploited since pre-Columbian times [START_REF] Schreiber | Geologic setting, paragenesis, and physicochemistry of gold quartz veins hosted by plutonic rocks in the Pataz region[END_REF] and the placer deposits at San Luis Range in Argentina (Márquez-Zavalía et al., 2004). The gold grains contain respectively up to 40 wt% Ag and 0.1 wt% Cu and up to 47 wt% Ag and 0.06 wt% Cu. Although it is tempting to affirm that the alloys employed in the manufacture of our objects are mostly natural, it has to be considered that only a small number of gold grains from these two deposits contain more than 30 wt% Ag, and therefore match our objects (Figure 8), except the miniature keros 27219 and 27256. It has also to be considered the low probability associated with the use of gold from sources situated far from the rich Titicaca Lake area when the same type of alloy can be obtained by adding silver to natural gold. The fact that the Cu contents in the objects are always higher than in natural gold reinforces the suggestion of the production of artificial alloys.

Conclusion

The study of a group of unprovenanced miniatures in gold in the collection of the MUSEF, one effigy kero and fourteen specimens classified as small bells, provided a first approach to understanding the techniques of manufacture and to the alloys employed in their production. The small bells have shapes and dimensions consistent with bells and keros, produced in areas under the influence of the Tiwanaku culture and the Incas. Despite the analytical difficulties raised by the in-situ study using portable equipment with low magnification and low spatial resolution, we were able to demonstrate the use of two techniques of construction. One is the expected technique for the production of bells in the Andean area, specifically by rolling a gold sheet and adding at one end a closing sheet, and another is the expected technique for the production of keros, specifically by raising a gold sheet. We were however unable to confirm whether a process of hard-soldering was employed to form the base of some specimens.

The alloys used in the manufacture of our objects are quite variable, containing 10-63 wt% Ag and 0.5-5.5 wt% Cu, but they match very well with the alloys employed by the Incas to produce goldwork as well as the gold objects related to the Tiwanaku culture analysed so far. By comparing our results with data published for gold grains from Andean deposits situated in the Lake Titicaca area, we would suggest that the alloys used in the production of our objects are certainly only partially natural. In fact, the Ag amounts in the natural gold alloys from the Eastern Bolivian Cordillera deposits are always below 30 wt%, with a large majority under 20 wt%. The use of artificial alloys is reinforced by the systematic presence of Cu contents in the objects that are higher than those published for gold grains Some of the miniatures classified as small bells are analogous in shape and decoration to miniature keros. Based on the composition of the bodies and bases of the objects we were able to suggest that the incomplete specimen 27256 should be a broken miniature kero made by raising one gold sheet. Only this specimen, the smallest bell in our corpus, and miniature kero 27219 show such homogeneous compositions. The bodies and bases of the other specimens show the use of different alloys for these components. By considering their shape, dimensions, decoration and elemental composition we were able to suggest that some specimens form groups and could therefore be originally part of a set. Thus, specimens 27268, 27274, and 27275 form a group, typologically and chemically, reinforcing the classification of our objects as bells as the miniature keros are found either alone or in pairs. The typological similarities of miniature keros and bells may lead to the misclassification of some specimens in the collections, but other pieces might also be misclassified. One gold cap from an inhalation tube found inside a bag in tomb 107 at cemetery Solcor 3 [START_REF] Llagostera | El complejo psicotrópico en Solcor-3 (San Pedro de Atacama)[END_REF] and some bells from the Atacama region [START_REF] Gudemos | Mapa cultural de los instrumentos musicales y objetos sonoros de metal arqueológicos: idiófonos (Área Andina centro-meridional)[END_REF] are possible examples of this. In this area, the relationship between musical instruments and rites using hallucinogens is well-known (Fernández, 1993) and both inhalation tube caps and small bells should be perforated to accomplish their functions. The misclassification of bells is certainly accentuated by their systematization still in progress. Regrettably, only certain specimens are well contextualised. Among them are the bells excavated in Huayra Huasi found along with one of the Incan bronze plaques that widely circulated "in the Puna of Jujuy and in the valleys of the southern Bolivia, reaching Catarpe in Chile and Sacsahuaman in Peru" [START_REF] Ventura | La metalurgia de los valles orientales del norte de Salta, Argentina[END_REF]. Analysis of contextualised specimens would shed new light on Andean gold productions. [START_REF] Murillo | Alianzas del metal. La colección de minería y metales del Museo Nacional de Etnografía y Folklore, según la cadena de producción[END_REF], the gold fragments from San Pedro de Atacama [START_REF] Theile | Conservación y análisis de los vasos de oro del Museo Arqueológico Gustavo Le Paige de San Pedro de Atacama[END_REF] and the gold objects from La Isla de Tilcara and Pueblo Viejo de La Cueva [START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF]. 6a to which were added the anthropomorphic and zoomorphic miniature figurines produced in Incan times for ritual offerings from several collections and archaeological contexts [START_REF] Guerra | Inca figurines from the Ethnologisches Museum in Berlin: an analytical study of some typical and atypical productions[END_REF][START_REF] Rovira Lloréns | Los objetos de metal de la colección Juan Larrea: un estudio arqueometalúrgico[END_REF][START_REF] Rovira | Inca metallurgy: a study based on the collections of the Museo de America in Madrid[END_REF][START_REF] Núnez-Regueiro | The Inca figurines of the musée du quai Branly -Jacques Chirac: typological variety and production chronology[END_REF][START_REF] Sierra Palomino | Technological study of the anthropomorphic statuettes and miniature tupus from a discovery in Paucartambo (Cusco, Peru)[END_REF][START_REF] Bárcena | Las piezas metálicas de la ofrenda ritual del Cerro Aconcagua. Mendoza, República Argentina[END_REF][START_REF] Oberhauser | La momia del Cerro El Plomo[END_REF].

Figure captions

Figure 8 -Diagram representing the Ag amounts determined for the objects in the MUSEF and for natural gold grains from diverse Bolivian deposits [START_REF] Alarcón | Análisis de oro por microsonda (E.P.M.A.) en depósitos primarios de oro de la provincia metalogenética andina de Bolivia y su significado genético[END_REF], included some in the Lípez (Fornari et al., 1991;[START_REF] Ramos | Problemática de la presencia de oro en los Lípez[END_REF], from the Pataz deposits in Peru [START_REF] Schreiber | Geologic setting, paragenesis, and physicochemistry of gold quartz veins hosted by plutonic rocks in the Pataz region[END_REF]), from the San Luis Range deposits in Argentina (Márquez-Zavalía et al., 2004), and from the Cerro Casales deposits in the Atacama region in Chile (Palacios et al., 2001). The many gold grains from other deposits in the Eastern Cordillera of Bolivia (Hérail at al., 1988[START_REF] Hérail | Morphological and chemical evolution of gold grains during the formation of a polygenic fluviatile placer: the Mio-Pleistocene Tipuani placer example (Andes, Bolivia)[END_REF]Fornari and Hérail, 1991;[START_REF] Miranda Angles | Los placeres de oro de la región de Mapiri (Bolivia) y sus fuentes primarias[END_REF] and in the south-eastern Andes of Peru [START_REF] Fornari | Les gisements d'or des Andes sudorientales du Pérou[END_REF] published by several authors are all under 20 wt% Ag, represented by the thick line.

Table captions

Table 1 -Certified values (CV) and measured values (MV) obtained for the standard reference materials and internal reference gold alloys at the analytical conditions to verify the accuracy of the quantitative results. Data was normalised to 100 wt%. Comptoir Lyon-Alemand, Louyot et Cie (CLAL) and Goodfellow (GD). The two coins were analysed by other techniques [START_REF] Guerra | Analysis of trace elements in gold alloys by SR-XRF at high energy at the BAMline[END_REF], and LA and LE were fabricated by European project Authentico [START_REF] Guerra | In-situ examination and analysis of the gold jewellery from the Phoenician tomb of Kition (Cyprus)[END_REF].

Table 2 -Data obtained by two or three-repeated XRF analysis of the base and body of the analysed gold miniatures in the collection of the MUSEF. Data was normalised to 100 wt%.

Table 3 -Data obtained by three-repeated XRF analysis of the base and body of bell 27274. Data was normalised to 100 wt%. 
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 1 Figure captionsFigure1-The fifteen gold miniature objects in the collection of the MUSEF at the same scale. At the top, those that are decorated with bands, in the middle the undecorated ones, and at the bottom the incomplete piece and the effigy kero.

Figure 2 -

 2 Figure 2 -The bases of (a) incomplete piece 27256 and (b) kero 27219, under the stereomicroscope.

Figure 3 -

 3 Figure 3 -The base of bell 27275 under the stereomicroscope showing (a) the hole and (b) the folding of the gold sheet.

Figure 4 -

 4 Figure 4 -Details of bell 27328 joining seams under the stereomicroscope at (a) the base and (b) the body.
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 5 Figure 5 -The base holes of bells 27227 (a) and 27460 (b) under the stereomicroscope.
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 6 Figure 6 -Diagrams representing the Ag and Cu contents in the alloys of the bodies (a) and bases (b) of the analysed objects. In the diagram representing the bodies were added the alloys published for keros 27233 and 27226 in the MUSEF collection[START_REF] Murillo | Alianzas del metal. La colección de minería y metales del Museo Nacional de Etnografía y Folklore, según la cadena de producción[END_REF], the gold fragments from San Pedro de Atacama[START_REF] Theile | Conservación y análisis de los vasos de oro del Museo Arqueológico Gustavo Le Paige de San Pedro de Atacama[END_REF] and the gold objects from La Isla de Tilcara and Pueblo Viejo de La Cueva[START_REF] Tarragó | Oro de los señores. La Tumba 11 de La Isla de Tilcara (Jujuy, Noroeste Argentino)[END_REF].
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 7 Figure 7 -Diagram representing the Ag and Cu contents in the objects plotted in Figure6ato which were added the anthropomorphic and zoomorphic miniature figurines produced in Incan times for ritual offerings from several collections and archaeological contexts[START_REF] Guerra | Inca figurines from the Ethnologisches Museum in Berlin: an analytical study of some typical and atypical productions[END_REF][START_REF] Rovira Lloréns | Los objetos de metal de la colección Juan Larrea: un estudio arqueometalúrgico[END_REF][START_REF] Rovira | Inca metallurgy: a study based on the collections of the Museo de America in Madrid[END_REF][START_REF] Núnez-Regueiro | The Inca figurines of the musée du quai Branly -Jacques Chirac: typological variety and production chronology[END_REF][START_REF] Sierra Palomino | Technological study of the anthropomorphic statuettes and miniature tupus from a discovery in Paucartambo (Cusco, Peru)[END_REF][START_REF] Bárcena | Las piezas metálicas de la ofrenda ritual del Cerro Aconcagua. Mendoza, República Argentina[END_REF][START_REF] Oberhauser | La momia del Cerro El Plomo[END_REF]).

  Figure 5b

  Figure 6

Acknowledgements

The authors gratefully acknowledge Alfredo C. Basagoitia and Primitivo A. Calcina at the MUSEF for support with the XRF equipment and Proyecto Titicaca at Université libre de Bruxelles, in particular Dr. Christophe Delaere, for support during this work. We are also grateful to Mike Cowell, who made valuable suggestions on the manuscript, and to the anonymous reviewers, whose comments improved the quality of this manuscript.