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Appendix 1
Mineralogy and Geochemistry (M. Zentilli and M.C. Graves)

	Some of the most valuable geological information in many mines is never published, and often transmitted orally by skilled mine staff; the Chuquicamata District is no exception, and it is difficult to give them appropriate credit.  Our mineralogical, geological, and geochemical research in Chuquicamata exploited several unpublished internal reports for Corporación del Cobre de Chile (CODELCO), student theses, and conference abstracts. Some of these valuable documents cannot be listed as references because of editorial restrictions, but their authors do deserve credit. 

Additional references

1. CIMM, Unpublished, 1993. Tello, A., Franquesa, F., and Aracena, I., 1993, Distribución elementos traza en yacimientos – Informe Final – Junio 1993, Informe Interno por Centro de Investigación Minera y Metalúrgica (CIMM) para CODELCO, División Chuquicamata. Proyecto A2-17008, 160p. NOTE: Invaluable study of major and trace elements in well-documented, representative, heavy mineral concentrates from mainly the potassic alteration zone in CHUQUI, MMH and RT deposits.
2. E.F. Tobey, unpublished, 2005 Tobey, E. F., 2005, Interim report on mineralogy and geochemistry at Mansa Mina: GEOVECTRA for CODELCO, 119p. NOTE: Exhaustive, remarkable report on mineralogy and geochemistry of the MMH deposit. It includes unpublished U-Pb and Ar-Ar dates by Alfredo Bertens, and Re-Os dates by the AIRIE Lab, Fort Collins, Colorado, USA). 

3. Aracena, I., Ossandón, G., and Zentilli, M., 1997, Mineralogía y distribución del zinc en Chuquicamata: ¿Enriquecimiento supergeno de zinc?: [Extended Abstract], Actas, VIII Congreso Geológico Chileno, Antofagasta, v. 3, p. 1908-1912.
4. Graves, M. C., and Zentilli M., 1995, Characterization of Zn in sulphide minerals: Geological report and results of electron microprobe analyses of thirteen samples from Chuquicamata. Unpublished report for CODELCO Chuquicamata, Cuesta Research Ltd., 57 p. 
5. Graves, M., Zentilli, M., and Lindsay, D.D., 1994, Trace element study of heavy mineral concentrates from Chuquicamata, Mansa Mina and Radomiro Tomic Deposits (samples from CIMM, unpublished, 1993). Unpublished report for CODELCO. Cuesta Research Ltd., Canada, 300 p.
6. McKinstry, H.E., 1948, Mining Geology, Prentice Hall, 680 p. Cymoid loop definition, p 314-318.
7. Pinget, M-C., Dold, B., Zentilli, M., Fontboté, L., 2015, Reported supergene sphalerite rims at the Chuquicamata porphyry deposit (northern Chile) revisited: evidence for a hypogene origin: Economic Geology, v. 110, p. 253-262.
8. Zentilli, M., Aracena, I., Graves, M.C., 1997, Reconnaissance trace element study of Chuquicamata, Mansa Mina, and Radomiro Tomic porphyry copper deposits, Chile, [Extended Abstract], Actas, VIII Congreso Geológico Chileno, Antofagasta, 5p.
9. Zentilli, M., Krogh, T., Maksaev, V., and Alpers, Ch., 1994, Uranium-lead dating of zircons from the Chuquicamata and La Escondida porphyry copper deposits, Chile: inherited zircon cores of Paleozoic age with Tertiary overgrowths: Comunicaciones, U. de Chile, (ISSN -0069-357X), 45, 101-110.
10. Zentilli, M., Leiva, G., Rojas, J. Graves, M.C., 1994, The Chuquicamata porphyry copper system revisited [Extended Abstract]: Actas. VII Congreso Geológico Chileno, Concepción, v. 2, p. 1647-1652.

Comparison MMH vs. CHUQUI
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Description automatically generated]	Reference 1 above (CIMM, unpublished, 1993; Tello et al., 1993) provides data supporting that MMH and CHUQUI are indistinguishable in terms of mineralogy and geochemistry of sulfide concentrates. Besides Fig. 4 in the main paper, Fig. A1.1 below shows that the mean values for 78 concentrates from MMH, 59 from CHUQUI coincide extremely well, whereas 27 concentrates from RT indicate that this deposit (at least its southern part that was sampled ca. 1991), was less affected by the 31 Ma event which superimposed hydrothermal breccias with impurities like Zn and As (e.g. Ossandón et al. 2001).

Figure A1.1. Mo vs. Zn plot shows mean, maximum and minimum values for 164 heavy mineral concentrates from MMH (78), CHU = CHUQUI (59) and RT (27) (from CIMM, unpublished, 1993). Notice similarity of concentration ranges for MMH and CHUQUI. 

Sphalerite rims on Cu sulfides 
Curious sphalerite rims around Cu-Fe sulfides (Fig. A1.2) were studied in CHUQUI because zinc is a harmful impurity in metallurgy: it volatilizes and condenses in smelter furnace conduits plugging exhaust chimneys, potentially causing explosions. Although better known in CHUQUI, somewhat similar rims are described as common in MMH (E.F. Tobey, unpublished, 2005. It was speculated that they could be supergene (Aracena et al., 1997) but detailed mineralogical studies (E.F. Tobey, unpublished, 2005; and Pinget et al., 2015) have concluded that the sphalerite rims are hypogene. 
[image: ]

Figure A1.2.    A) Hypogene sphalerite (and specular hematite) rimming bornite (minor chalcopyrite) in MMH (DD-4976 1267m (Field of view = 200 µm across) PLATE 47 in E.F. Tobey, unpublished, 2005, page 98; B) Hypogene sphalerite (and digenite) rimming chalcopyrite in CHUQUI (sample Cu968, DDH 1448 200.5m. (Graves and Zentilli, unpublished, 1995, p28.  (Field of view = 90 µm across) Microprobe Analyses: Point 1) Chalcopyrite 35.4 % Cu; 29.9 % Fe; 34.5 % S; Point 2) Sphalerite 2.2 % Cu; 1.4 % Fe; 32.6 % S; 0.19 % As; 67 % Zn; Point 3) Digenite 76.7 % Cu; 1.7 % Fe, 22.1 % S; 0.35 % As; 0.81 % Zn.









Appendix 2
Details of Common Lead Isotopes (M. Zentilli)
Methods
	
Common Pb isotopes (Table 1) were analyzed in 2 different labs: 
1) USGS Federal Center, Denver, Colorado (c/o Bruce R. Doe; Maryse Delevaux) for CHUQUI and El Salvador samples.  Results were normalized to the nominal NBS SRM 981 common lead standard values; analytical details published in Zentilli et al. (1988); and 
2) Geospec Consultants Ltd., Edmonton, Alberta (c/o/ Dragan-Tosa Krstic). Pb was separated on anion exchange columns set in Hydrobromic acid. Ca. 500 ng of extracted Pb was loaded on Rhenium filament using the standard silica gel – phosphoric acid technique; isotopic composition was measured in a Micromass MM30 mass spectrometer. Reproducibility was determined from many NBS SRM 981 Common Pb standard measurements. At 1 sigma error level the reproducibility of the measured isotopic ratios is as follows: 0.021%, 0.036% and 0.044% for 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb, respectively. Results were normalized to the nominal NBS SRM 981 common lead standard values.

Additional References for Common Pb

1) Doe, R.R., and Zartman, R.E., 1979, Plumbotectonics, the Phanerozoic: (In) H.L.Barnes (Editor) Geochemistry of Hydrothermal Ore Deposits, 2nd edition, John Wiley and Sons Inc., New York, p 22-70.
2) Stacey, J.S., and Kramers, J.D., 1975, Approximation of terrestrial lead isotope evolution by a two-stage model: Earth and Planetary Science Letters, v. 26, p. 207-221.
3) Zentilli, M., Doe, B.R., and Hedge, C.A., 1988, Lead isotopes in porphyry copper deposits as compared with other Andean mineral deposits (In Spanish, with English abstract). Proceedings, V Chilean Geological Congress, Santiago, Chile, August 8-12, Vol I, B331-B369.



Appendix 3
Detailed Methodology for U-Pb Dating of Zircon (L. Heaman)

Two U-Pb geochronology methods were used: 
1) ID-TIMS (isotope dilution thermal ionization mass spectrometry), which involves hand selecting high-quality (transparent and inclusion-free) individual zircon crystals, removing their exterior surfaces by physical abrasion (Krogh 1982), chemical dissolution and anion exchange chromatography in a low-Pb (<2 pg) blank clean lab facility, and high precision Pb and U isotope ratio determination on a VG354 solid source mass spectrometer (Heaman et al. 2002). 
2) For crystals with complex growths zones, U-Pb LA - ICPMS (laser ablation inductively coupled plasma mass spectrometry) was utilized. For the latter technique, the zircon grains are secured in an epoxy mount and examined using cathodoluminescence imaging to reveal the internal structure of the grains prior to isotopic analysis. One or more 30-micron diameter laser ablation analysis spots are targeted at zones within the crystals that are interpreted to have formed during igneous crystallization and to avoid regions of inherited zircon cores (Fig. A3.1).

	The U-Pb ICPMS data obtained in this study were determined with a Nu Plasma 1 instrument coupled to a 213nm Nd:YAG (New Wave Research) laser ablation workstation, following the protocols outlined in Simonetti et al. (2005).  U/Pb and Pb/Pb instrument fractionation were monitored with a Neoproterozoic zircon standard GJ-1 and accuracy of the age results was monitored using internal zircon standard LH94-15 (1830±1 Ma; Ashton et al. 1999). Weighted mean 207Pb/206Pb dates for LH94-15 during this study are as follows: Session 1 ZMMH89 1827.7±6.4 Ma (n=3), Session 2 ZMMH91 1822.0±5.9 Ma (n=4). The analytical uncertainty (precision) in the ICPMS U-Pb ages is typically ±1-2%. The U-Pb age precision by the ID-TIMS method is typically an order of magnitude better (± 0.1%). The U-Pb dates were calculated using the uranium decay constants recommended by Jaffey et al. (1971). Age calculations and Concordia plots were generated using IsoplotEx/4 (Ludwig 2003). 
[image: ]

Fig. A3.1 Microphotograph of zoned zircons with labelled analyzed spot (Sample ZMMH-91); see Table A3.1 and Fig.A3.2.
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Fig. A3.2. LA-ICP-MA U-Pb date for sample ZMMH-91, MM Granodiorite (Triassic, erroneously mapped in mine logs as Eocene MM Porphyry). UTM Coordinate North (Section) 24600 m, DDH 8551, 1098,43 to 1098,74 m. Based on all 31 spot analyses: preferred age 229.1 ± 1.8 Ma. Compare with dates of 229.4 ± 2.6 Ma (231.4 ± 2.0 Ma) for Este and Elena Granodiorite in CHUQUI, respectively (Rivera et al., 2012; Zúñiga, 2012).
Additional References for U-Pb

1) Ashton, K., Heaman, L.M., Lewry, J., Hartlaub, R., and Shi, R., 1999, Age and origin of the Jan Lake Complex: a glimpse at the buried Archean craton of the Trans-Hudson Orogen. Canadian Journal of Earth Sciences 36, 185-208.
2) Heaman LM, Erdmer P, Owen JV (2002) U-Pb geochronologic constraints on the crustal evolution of the Long-Range Inlier, Newfoundland. Canadian Journal of Earth Sciences: v. 39, p. 845-865.
3) Heaman, L.M., Erdmer, P., and Owen, J.V., 2002, U-Pb geochronologic constraints on the crustal evolution of the Long-Range Inlier, Newfoundland: Canadian Journal of Earth Sciences, v.39, p. 845-865.
4) Jaffey, A., Flynn, K., Glendenin, L., Bentley, W., and Essling, A., 1971, Precision measurements of half-lives and specific activities of 235U and 238U: Physical Review, v. C 4, p. 1889-1906.
5) Krogh, T.E., 1982, Improved accuracy of U–Pb zircon ages by the creation of more concordant systems using an air abrasion technique: Geochimica et Cosmochimica Acta, v. 46, p. 387-393
6) Ludwig, K.R., 2003, User’s manual for Isoplot/Ex rev. 4.15: a geochronological toolkit for Microsoft Excel: Special Publication 4, Berkeley Geochronology Center, Berkeley, 70 p.
7) Simonetti, A., Heaman, L.M., Hartlaub, R.P., Creaser, R.A., McHattie, T., and Böhm, C., 2005, Rapid and precise U-Pb zircon dating by laser ablation MC-ICP-MS using a new multiple ion counting-Faraday collector array: Journal of Analytical Atomic Spectroscopy, v. 20, p. 677-686.
8) Zentilli, M., Krogh, T., Maksaev, V., and Alpers, Ch., 1994, Uranium-lead dating of zircons from the Chuquicamata and La Escondida porphyry copper deposits, Chile: inherited zircon cores of Paleozoic age with Tertiary overgrowths. Comunicaciones, U.de Chile, (ISSN -0069-357X), 45, 101- 110.

APPENDIX 4

Detailed methodology for Rhenium-Osmium Analyses (Ryan Mathur)

All hand specimens were crushed, and sulfide minerals were handpicked after microscopic study (e.g. Fig. A4.1). Mineral powders were then analyzed by X-ray diffraction to confirm mineral species present. We performed a simple smear mount on slides for diffraction on a ScinTag V XRD in slow scan mode. We used visual identification of the dominant peaks with the aid of MDI Jade 9 software. Mineral powders were weighed and loaded into Carius tubes with enriched 190Os and 185Re spikes, 4ml of ultrapure re-aqua regia for molybdenites or 9ml ultrapure re-aqua regia for other sulfides, and 2ml of ultrapure hydrogen peroxide. The Carius tubes were cooked for over 18hours at >200 °C. The Carius tubes were frozen and opened and the solutions were distilled at 100 °C for 80 minutes. The Os was further purified with a microdistillation and the Re was purified with two ion exchange chromatographic protocol. Details of the distillation and purifications can be found in Mathur (2000). The salts were loaded onto the negative thermal ionization mass spectrometer at the University of Arizona with loading procedures in (Creaser et al., 1991). The blanks for the study ranged from 0.15pg to 1pg Os and 21pg to 25pg Re. The 187Os/188Os of the blank was 0.22 ± 0.02 during the period of analysis. The blanks did not impact the molybdenite samples, so the errors were calculated as outlined (Barra, 2003; Mathur et al. 2000). The blank contributions significantly impacted the low concentration Re-Os data, where the contribution of the Os blank was near 10% of the Os measured on the filament. Therefore, we considered the blank the largest possible source of error and varied the blank by 2 times the highest concentration of the blank measured to assess the true impact of blank variation and calculation of isotope ratios.
We have referred to Re-Os data for MMH samples cited in a report (E.F. Tobey, unpublished, 2005), analyzed at AIRIE Lab. We assume that the methodology used it that describer in Stein (2014). 

Additional References for Re-Os

1. Barra, F., Alcota, H., Rivera, S., Valencia, V., Munizaga, F., and Maksaev, V., 2013, Timing and formation of porphyry Cu–Mo mineralization in the Chuquicamata district, northern Chile: new constraints from the Toki cluster: Mineralium Deposita, v. 48, p. 629–651.
2. Mathur, R., Ruiz, J., and Munizaga, F., 2000, Relationship between copper tonnage of Chilean base-metal porphyry deposits and Os isotope ratios:  Geology, v. 28, p. 555-558.
3. Mathur, R. D., 2000, Re-Os isotopes of base metal porphyry deposits: Unpublished Ph.D. Thesis. Tucson, Arizona, USA, Department of Geosciences, The University of Arizona, 153 p.
4. McCandless, T., 1994, Evaluation of the molybdenite rhenium-osmium geochronometer, and its application to base metal porphyry mineralization: Unpublished Ph.D. Thesis, Tucson, University of Arizona, 97 p.
5. Suzuki, K., Feely, M., and O'Reilly, C., 2001, Disturbance of the Re-Os chronometer of molybdenites from the late-Caledonian Galway Granite, Ireland, by hydrothermal fluid circulation: Geochemical Journal, v. 35, p. 29-35.
Methodology likely used for cited data from AIRIE in E.F. Tobey, unpublished, 2005)
6. Stein, H. J., 2014, Dating and Tracing the History of Ore Formation: Chapter 13.4 Treatise on Geochemistry (second edition). Oxford, Elsevier, p. 87-118. 
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Fig. A.4.1. Microphotography of typical molybdenite samples from MMH. A) Molybdenite crystals (crossed polarized light), sample ZMMH-107. B) Same sample, parallel light. C) Polished thin section ZMMH-107 (4.5 x 2.7 cm); white: quartz; dark: molybdenite.  D) Polished thin section ZMMH-103; white: quartz, dark: chalcopyrite, pyrite, molybdenite, hematite. E) Molybdenite, twinned, in Cu-Fe sulfides; sample ZMMH-103, crossed polarized light. See Table 4 in main text. Photos by Yawooz Kettanah.


APPENDIX 5
Detailed Fluid Inclusion Methodology, Results and Discussion (J. Hanley)

A5.1 Methodology

Forty-five samples were collected from core within the MMH deposit and prepared into double-polished thin sections of which 13 were selected as best (Figs. A5.1, A5.2) and subsequently fluid inclusions were mapped/classified using the fluid inclusion assemblage (“FIA”) approach (Goldstein and Reynolds, 1994). Of these, 13 representative samples were selected for measurements, based on their contained inclusions being large enough to gather data for all phase changes, occurrence in multiple host phases (quartz, carbonate), and readily discernable FIA lacking textural evidence of post-entrapment modification (e.g., necking down, decrepitation). The majority of samples prior to this screening had inclusions that were too small to characterize, even with optimal microscopic capabilities allowing microthermometric observations on inclusions as small as 5 m. Their provenance and location are given in Table 5 (main text) and plotted in their position within the MMH project coordinates on long and cross sections (Fig. A5.2). The data presented is from within Cu-rich orebodies. Fluid inclusion petrography and microthermometry was performed using a Linkam FTIR 600 heating-freezing stage mounted on an Olympus BX51 microscope at the Department of Geology, Saint Mary’s University, Halifax, Canada. Stage calibration was done using synthetic fluid inclusion standards containing pure CO2 (melting at -56.6°C) and pure, critical density H2O (melting at 0oC and homogenizing at 374.1°C). Based on the reproducibility of measurements conducted on the standards and the measurement precision of the instrumentation, total uncertainties associated with the microthermometric measurements range from ±1-2°C for temperatures recorded near the limit of working conditions for the heating-freezing stage (-190°C and 560°C), to better than ±0.2°C for temperatures recorded near 0°C. For inclusions undersaturated in halite at 20oC, the two parameters measured were the final ice melting temperature (Tmice) and vapor bubble disappearance (Laq+VLaq; Tvapor out = Thtotal). For inclusions that were saturated in halite at 20oC, both Tmice and Tvapor out were both measured but also Tmhalite; for these inclusions, most homogenized by vapor bubble disappearance but some homogenized by halite dissolution. The NaCl or rarely, CaCl2 (where final ice melting temperatures fell below the NaCl-H2O eutectic) weight percent equivalency values (i.e., bulk salinity) for the inclusions were obtained using Tmice values based on the salinity-freezing point depression. For inclusions modelled in the NaCl-H2O system, the bulk salinity data, along with minimum trapping pressures (at Thtotal) were determined using the SoWat model (Driesner, 2007; Driesner and Heinrich, 2007). For inclusions modelled in the CaCl2-H2O system, equations relating freezing point depression to salinity from Zhang and Frantz (1987) were used.  

A5.2 Results 

The microthermometric data are summarized in Fig. 9 in the main text, Fig A5.3 (showing sample to sample variations) and Table A5.1. In the microthermometric study complete data (Tmice, Tvapor out, and Tmhalite where relevant) from 286 inclusions were obtained. 
       A5.2.1 One-phase inclusions: One sample (MMH 52) showed several one phase (liquid; at 20oC) inclusions (Type I, Fig. 8 in the main text). These probably represent late, very low temperature inclusions that did not nucleate a bubble on cooling after their original entrapment. No reliable microthermometric data could be obtained due to the lack of vapor bubble and metastable behavior of ice during preliminary freezing-heating runs, so they were precluded from the study.
     A5.2.2. Two-phase inclusions: The most abundant type of inclusions seen were 2-phase (at 20oC) liquid-vapor aqueous inclusions (Type II; Fig 8 in main text; ~92% of inclusions observed in all samples, n=259 measured). Their liquid:vapor ratio varies from 80:20 to 60:40, with inclusions containing larger vapor bubbles having higher temperatures of vapor bubble disappearance (Tvapour out; also referred to as ThL+VL). Values of Tvapour out for 2-phase inclusions range from 136 to 470°C in all inclusions, but with 80% of inclusions having values clustering tightly in Fig. 9 ranging from 275 to 350°C, and much smaller ranges observed for most individual samples and FIA within those samples Outliers are easily recognized within individual samples and FIA and are likely the result of post-entrapment modification (e.g., necking down). Values for Tmice vary significantly for 2-phase inclusions, resulting in a range in calculated salinity from  0.7 to 21 wt% NaClequiv; however, the majority of fluid inclusions (70%) have salinities <6 wt% NaClequiv. and again, individual FIA show much narrower ranges in salinity. A small number of two-phase inclusions (n=17) with Tmice lower than -21.1°C were modelled in the CaCl2-H2O system and yield a bulk salinity range from ~25 to 53 wt% CaCl2 equiv. (Table A5.1). Importantly, most two-phase inclusions do not occur along healed fractures indicating that they are not of dominantly secondary origin. Some FIA appear to be tied to growth zones in quartz crystals. 
     A5.2.3. Three phase inclusions: 3-phase (at 20oC) liquid-vapor-halite (liquid:vapor >80:20) inclusions comprise rare (late) secondary FIA accounting for ~8% of all observed inclusions (Type III, Fig. 8 in main text; n=24 measured)). The inclusions occur along healed fractures in domains of cloudy quartz that appear by optical petrography and SEM-BSE imaging to be related to dissolution-reprecipitation infill of earlier quartz domains that contain type II inclusions. and are suspected to post-date type II inclusions. Salinities of type III inclusions ranged from 29 to 47 wt% NaClequiv. (Tmhalite from 127.2 to 400.0oC). Of these type III inclusions, a small proportion homogenize by vapor bubble disappearance whereas the majority homogenize by halite dissolution and values of Tvapor out (also referred to as ThL+V+HL+H or ThL+VL, depending on mode of homogenization) ranged from 180.0 to 348.5 °C. Individual FIA, though rare to define (most measurements are single inclusions) have generally smaller ranges in these measured parameters. A significant number of the type III inclusions contain a very small hematite crystal that did not dissolve on heating (Fig. 8 in main text). The hematite may have formed due to post-entrapment oxidation. 
     

A5.3. Discussion. 

The microthermometric data (Table A5.1) are shown graphically as Figure 9 in the main text and Figure A5.3. 
     A5.3.1 Comparison to other deposits and other data sets In the majority of PCD one expects to find two major fluid stages: (i) FIA containing early, low-intermediate density fluids trapped in the single-phase field, representing initial “ore” fluids exsolved from the porphyry magmas and charged with ore metals, and (ii) FIA containing later, heterogeneously trapped three-phase saline and two-phase vapor inclusions with salinity-homogenization characteristics consistent with  representing the boiled equivalents of the starting “ore” fluids that are trapped during or after ore precipitation. Both groups of inclusions typically show high minimum fluid trapping temperatures because PCDs evolve from exsolution of magmatic volatiles at temperatures of ~650-800oC. Fluid inclusions representing the input ore fluids are generally not very abundant and rare in most porphyry systems studied in shallow calc-alkaline systems. In typical porphyry systems, using El Teniente as an example (Fig. 9 in main text; data from Klemm et al. 2007), inclusions show two dominant groupings, a low density and high density group separated often by a large salinity gap, both having high temperatures of homogenization (low density via dew point transition, high salinity via bubble point transition or halite dissolution), and representing boiled magmatic fluids (vapor and coexisting brine). The MMH fluid inclusions show a predominance of only an early low salinity fluid type , a later  population of much higher salinity fluids with no evidence for heterogeneous entrapment and Th-salinity data inconsistent with the expected data distribution for the L-V curve in the NaCl-H2O system (Driesner and Heinrich, 2007).  Notably, there is a lack of boiling assemblages observed in all samples except for a few of the hydrothermal breccias where it is suspected but not confirmed by microthermometry (e.g., Fig. A.5.4). There is a remarkable similarity between the fluid inclusion results for MMH and those from Butte (Montana; Rusk et al., 2008) and those from Vega (1989) for Chuquicamata (Fig. 9 in text), which are very similar to those of Butte. Notably, these environments all show a very similar Th-salinity distribution for earlier low-intermediate density fluid inclusions, a salinity “gap”, and the existence of a distinct population of three-phase inclusions that fall along the halite-saturation curve, homogenizing by halite dissolution rather than bubble point transition. Aside from the obvious significance of the similarity in fluid inclusion systematics between MMH and CHUQUI, the mineralization at Butte may be relevant to MMH - the data indicating that both deposits formed at considerable depth outside of the conditions (i.e., above boiling surface in the NaCl-H2O system) for widespread boiling to be relevant (see below). 

     A5.3.2 Boiling. There may be some evidence of boiling of late-stage fluids (Fig. A.5.4) though such inclusions (coeval brine and vapor inclusions) are uncommon except in some hydrothermal breccia samples and could not be confirmed through microthermometry as the inclusions are too small to observe phases changes, or decrepitated on heating. If boiling assemblages, they may be explained by periodic (and late) fluctuations in confining pressure due to fluid overpressuring and cracking of the porphyry carapace. This can result in large variations in trapping pressure observed in inclusions, even in single crystals. 
     Whereas high salinity type III inclusions containing halite could represent residual brines from the boiling process, a lack of coeval, low density (vapor-rich) inclusions would suggest that two immiscible phases would have to be physically separated from one another prior to entrapment of the cooled brine phase (e.g., Landtwing et al., 2005; Stefanova et al., 2014). With a significant pressure correction, the low salinity type II inclusions likely represent a pre-boiling stage fluid responsible for these rare, higher salinity, secondary type III inclusions but again, such inclusions are rare and boiling is clearly not widespread at MMH. 
     On the other hand, the type III inclusions may also be unrelated to the mineralizing phase, since an extensive post-ore history at MMH would have promoted the circulation of later stage hydrothermal fluids (non-magmatic, or post-magmatic fluids) through a seismically active fault zone during post-magmatic shearing and exhumation. LA-ICPMS analyses of the ore metals and other trace elements in the two vs. three-phase inclusions could elucidate any direct genetic relationships between the two (pre vs. post-boiling), or confirm that the secondary, high salinity inclusions are unrelated to the MMH Cu-Mo mineralizing stage. Possibly, if this is the case, they could be related to the Cu-As-alunite stage. The presence of hematite (specularite) some samples that yields lower Thtotal below 200oC suggests the involvement of heated groundwater circulating through the fault system (Fig. 9 in main text, and Fig. A.5.3).
     Some apparently very divalent cation-rich inclusions were also identified in two samples containing type II secondary inclusions, based on anomalously low Tmice values (Table A5.1). It is likely that Ca is a significant cation in other fluid inclusions, including those that were modelled in the NaCl-H2O system based on final ice melting constraints. Such more Ca-rich fluids are typical of pore waters that equilibrate with plagioclase over long periods of time, and may have been enriched in Ca by reaction with plagioclase in wall rocks or localized mixing with some Ca-rich pore water since it is difficult to generate Ca-rich fluid any other way outside of sedimentary basins. 
     
 5.3.3 Pressure/depth estimates 
	For the majority of type II inclusions that homogenized by vapor bubble disappearance (Table A5.1) modelled in the NaCl-H2O system, the bulk salinity data (from either Tmhalite or Tmice) and homogenization data (Tvapor out) can be used to estimate minimum trapping pressures (Pmin trapping at Tvapor out) and were determined using the SoWat model (Driesner, 2007; Driesner and Heinrich, 2007). For these inclusions, Pmin calculated was no higher than ~ 250 bar with the majority of type II inclusions, plotting as a tight cluster in Fig. 9 in the main ext (Fig. A5.3) Pmin values are in the ~100-200 bar range. However, a range of much higher minimum trapping pressure estimates are obtained from type III inclusions using the strict criteria and approach of Becker et al. (2008) and Lecumberri-Sanchez et al., (2012). The results of this exercise are shown in Fig. A5.5A and B. 
	With the exception of one FIA that shows evidence of significant post-entrapment modification (based on criteria from Becker et al., 2008), inclusions show a wide range of minimum entrapment conditions from sample to sample with a ~ 2 kbar range in confining pressure, and with two best FIA (least post-entrapment modification) constraining minimum Ptrapping between ~1.5 and 2 kbar.  These results indicate that very large fluctuations in confining pressure likely occurred during inclusion entrapment, and importantly, the MMH system likely formed at depths of at least 5-8 km (lithostatic; using bulk density of load of 2700 kg/m3).  This is entirely compatible with the depth of emplacement estimated for other Cu-Mo PCD with elevated Cu/Au ratios (Fig. A5.6) notably Butte (Rusk et al., 2008) where a similar approach was used to estimate minimum trapping depths from three-phase inclusions. 
     Note that the pressure estimates are for the secondary inclusions, but as these postdate the primary assemblages, it is likely that such entrapment pressures were similar (lithostatic conditions, well above solvus) at the time of primary inclusion entrapment as well, unless substantial overburden developed from the time of entrapment of the two-phase inclusion entrapment to the time of three-phase inclusion entrapment. Furthermore, as mentioned, the variations in estimated minimum Ptrapping suggest transient decompression-related hydraulic fracturing over the inclusion entrapment history, a characteristic of hydrothermal brecciation. 
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[image: ][image: ]Figure A5.1. Double-polished thin sections selected for fluid inclusions study of the MMH mineralizing system. 















Figure A5.2. Location of fluid inclusion samples in the MMH deposit, projected on N-S long section (left) and E-W cross section (right). Red dashed line is schematic trace of West Fault; blue dashed line indicates diamond drillhole DD 8551.
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Figure A5.3. Total homogenization T (either by bubble point transition, or halite dissolution) vs. bulk inclusion salinity plot showing all data, identified by sample. Samples with “Hal Th” in the legend correspond to those inclusions from a sample that homogenized by halite dissolution rather than vapor bubble disappearance.  




[image: A picture containing text, nature, rain, different

Description automatically generated]








































Figure A5.4. Fluid inclusion assemblages in quartz from hydrothermal breccias displaying a great variety of vapor/liquid ratios, from vapor-dominant containing a large vapor bubble (V) and minor to trace aqueous liquid (Laq) along inclusion walls, to intermediate density inclusions containing roughly equal volumetric proportions of Laq and V (sometimes with a small halite crystal) to Laq-rich containing a small V bubble, Laq phase and halite crystal (+/- hematite). Such assemblages are rare at MMH and may be interpreted as the trapped products of boiling. However, V-rich inclusions tend to be also abundance in such samples with evidence of necking down and decrepitation, suggesting post-entrapment strain, which is compatible with the location within a fault zone. Inclusions within these suspected boiling assemblages were too small to obtain accurate homogenization measurements from, precluding confirmation of their boiling origin (Sample ZMMH-16F DD4976 1287.60 m).
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Figure A5.5. (A) Plot of bubble point T vs. dissolution T of halite for type III inclusions that homogenized by halite dissolution with isobars corresponding to minimum P of entrapment (at homogenization) labelled. Inclusion data plotted are for single inclusions, and for 3 FIA (circled in dashed ovals) from various samples with data listed in Table A5.1. Diagram modified from Becker et al. (2008). (B) Plot of isochore projections through P-T space for type III inclusions (isochores originating at halite liquidus at P and T of homogenization by halite dissolution). Dashed isochores are for inclusions that are suspected of having experienced post-entrapment modification (e.g., necking down, leakage). Diagram plotted using approach of Becker et al. (2008) and Lecumberri-Sanchez et al. (2012). 
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Figure A5.6. Molar Cu / Au ratio vs. depth of formation of porphyry-copper-type deposits; left vertical axis by geological estimation; right vertical axis calculated from microthermometry of fluid inclusions. Fluid pressure assuming lithostatic pressure with a rock density of 2.7 g / cm3. Adapted from Murakami et al. (2010). Tentatively, MMH - and by analogy of its fluid inclusions - Chuqui (Molar Cu / Au ratio 1,500,000), was formed at a comparable depth or deeper than Butte (Molar Cu / Au ratio: 500,000), based on the minimum entrapment pressures for type III inclusions.









	Table A5.1 Detailed petrographic and microthermometric fluid inclusion measurements in MMH Samples

	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 51
	quartz
	C1
	1
	-0.4
	167.8
	 
	0.7
	6
	L-V
	single

	MMH 51
	quartz
	C1
	2
	-
	243.9
	286.6
	37.15
	10
	L-V-H
	single

	MMH 51
	quartz
	C1
	4
	-2.5
	344.1
	 
	4.18
	10
	L-V
	single

	MMH 51
	quartz
	C1
	5
	-
	348.5
	348.4
	42.22
	10
	L-V-H
	single

	MMH 51
	quartz
	C1
	6
	-5.1
	349.6
	 
	8
	15
	L-V
	single

	MMH 51
	quartz
	C1
	7
	-4
	312.1
	 
	6.45
	5
	L-V
	single

	MMH 51
	quartz
	C2
	1
	-6.5
	275.3
	 
	9.86
	8
	L-V
	A

	MMH 51
	quartz
	C2
	2
	-6.5
	281.5
	 
	9.86
	8
	L-V
	A

	MMH 51
	quartz
	C2
	3
	-4.7
	319
	 
	7.45
	8
	L-V
	single

	MMH 51
	quartz
	C2
	5
	-1.7
	329.6
	 
	2.9
	10
	L-V
	single

	MMH 51
	quartz
	C3
	1
	-3.5
	177.5
	 
	5.71
	15
	L-V
	B

	MMH 52
	quartz
	C1
	1
	-6.6
	179.6
	 
	9.98
	10
	L-V
	B

	MMH 52
	quartz
	C1
	2
	-4.8
	178.8
	 
	7.59
	10
	L-V
	B

	MMH 53
	quartz
	C1
	1
	-4.2
	220
	 
	6.74
	8
	L-V
	C

	MMH 53
	quartz
	C1
	2
	-6.3
	230.6
	 
	9.6
	10
	L-V
	C

	MMH 53
	quartz
	C2
	1
	-6.1
	160.2
	 
	9.34
	5
	L-V
	single

	MMH 53
	quartz
	C2
	2
	-1.6
	205.3
	 
	2.74
	10
	L-V
	single

	MMH 54
	calcite
	C1
	1
	-3.1
	199.5
	 
	5.11
	20
	L-V
	single

	MMH 54
	calcite
	C1
	2
	-1.5
	317.5
	 
	2.57
	10
	L-V
	single

	MMH 54
	calcite
	C1
	3
	-3.9
	244.2
	 
	6.3
	5
	L-V
	D

	MMH 54
	calcite
	C1
	4
	-2.9
	198.8
	 
	4.8
	8
	L-V
	single

	MMH 54
	calcite
	C1
	5
	-3.2
	255.8
	 
	5.26
	8
	L-V
	D

	MMH 54
	calcite
	C1
	6
	-4.5
	303.5
	 
	7.17
	6
	L-V
	single

	MMH 54
	calcite
	C2
	1
	-2.4
	364.8
	 
	4.03
	5
	L-V
	single

	MMH 54
	calcite
	C2
	2
	-3.4
	285.9
	 
	5.56
	5
	L-V
	E

	MMH 54
	calcite
	C2
	3
	-4.2
	298
	 
	6.74
	5
	L-V
	E

	MMH 54
	calcite
	C2
	4
	-2.3
	356.2
	 
	3.87
	5
	L-V
	single

	MMH 55
	quartz
	C1
	1
	-2
	325.9
	 
	3.39
	25
	L-V
	F

	MMH 55
	quartz
	C1
	2
	-1.9
	249.7
	 
	3.23
	30
	L-V
	F

	MMH 55
	quartz
	C1
	3
	-1.7
	365.8
	 
	2.9
	12
	L-V
	F

	MMH 55
	quartz
	C1
	4
	-1.8
	339.9
	 
	3.06
	5
	L-V
	F

	MMH 55
	quartz
	C1
	5
	-2.4
	328.4
	 
	4.03
	20
	L-V
	F

	MMH 55
	quartz
	C2
	1
	-1.6
	351.6
	 
	2.74
	6
	L-V
	F

	MMH 55
	quartz
	C2
	2
	-4.1
	296.4
	 
	6.59
	15
	L-V
	G

	MMH 55
	quartz
	C2
	3
	-3.1
	296.4
	 
	5.11
	30
	L-V
	G

	MMH 55
	quartz
	C2
	4
	-2.1
	311.5
	 
	3.55
	30
	L-V
	H

	MMH 55
	quartz
	C2
	5
	-3.1
	298.5
	 
	5.11
	10
	L-V
	H

	MMH 60
	quartz
	C1
	1
	-2
	147.6
	 
	3.39
	12
	L-V
	I

	MMH 60
	quartz
	C1
	2
	-3.1
	179.3
	 
	5.11
	8
	L-V
	I

	MMH 60
	quartz
	C1
	3
	-3
	177.2
	 
	4.96
	5
	L-V
	I

	MMH 60
	quartz
	C1
	4
	[bookmark: RANGE!E43]-2.5
	310.4
	 
	4.18
	10
	L-V
	single

	MMH 60
	quartz
	C1
	5
	-4.5
	264.3
	 
	7.17
	10
	L-V
	single

	MMH 60
	quartz
	C1
	6
	-3.0
	136.4
	 
	4.96
	10
	L-V
	single

	MMH 60
	quartz
	C1
	7
	-1.5
	331.8
	 
	2.57
	20
	L-V
	J

	MMH 60
	quartz
	C1
	8
	-1.9
	321.1
	 
	3.23
	15
	L-V
	J

	MMH 60
	quartz
	C1
	9
	-3.5
	362
	 
	5.71
	12
	L-V
	J

	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 60
	quartz
	C1
	10
	-2
	313
	 
	3.39
	10
	L-V
	K

	MMH 60
	quartz
	C1
	11
	-1.8
	337.7
	 
	3.06
	20
	L-V
	K

	MMH 60
	quartz
	C1
	16
	-1.9
	332.8
	 
	3.23
	15
	L-V
	K

	MMH 60
	quartz
	C1
	17
	-2.2
	329
	 
	3.71
	10
	L-V
	K

	MMH 60
	quartz
	C2
	1
	-3.4
	215.8
	 
	5.56
	15
	L-V
	single

	MMH 60
	quartz
	C2
	2
	-3.7
	327.8
	 
	6.01
	20
	L-V
	single

	MMH 60
	quartz
	C2
	3
	-2
	331.9
	 
	3.39
	15
	L-V
	L

	MMH 60
	quartz
	C2
	4
	-2
	329.6
	 
	3.39
	15
	L-V
	L

	MMH 60
	quartz
	C2
	5
	-7
	350.5
	 
	10.49
	20
	L-V
	single

	MMH 60
	quartz
	C2
	6
	-2.1
	335.9
	 
	3.55
	8
	L-V
	single

	MMH 60
	quartz
	C2
	7
	-6.8
	232
	 
	10.24
	20
	L-V
	single

	MMH 60
	quartz
	C2
	8
	-2.1
	332.3
	 
	3.55
	20
	L-V
	single

	MMH 60
	quartz
	C2
	10
	 
	199.7
	346.4
	42.03
	10
	LV-H
	single

	MMH 63
	quartz
	C1
	1
	-2.8
	297.4
	 
	4.65
	25
	L-V
	M

	MMH 63
	quartz
	C1
	2
	-5.6
	290.4
	 
	8.68
	25
	L-V
	M

	MMH 63
	quartz
	C1
	3
	-5.3
	290.4
	 
	8.28
	10
	L-V
	M

	MMH 63
	quartz
	C1
	4
	-2
	302.3
	 
	3.39
	12
	L-V
	N

	MMH 63
	quartz
	C1
	5
	-3
	315.3
	 
	4.96
	30
	L-V
	N

	MMH 63
	quartz
	C1
	6
	-1.1
	287.1
	 
	1.91
	10
	L-V
	O

	MMH 63
	quartz
	C1
	7
	-4.1
	353.4
	 
	6.59
	10
	L-V
	O

	MMH 63
	quartz
	C1
	8
	-2.3
	318.5
	 
	3.87
	10
	L-V
	single

	MMH 63
	quartz
	C1
	9
	-6
	312.3
	 
	9.21
	10
	L-V
	P

	MMH 63
	quartz
	C1
	10
	-3.2
	317.3
	 
	5.26
	10
	L-V
	P

	MMH 63
	quartz
	C1
	11
	-1.5
	310.4
	 
	2.57
	60
	L-V
	P

	MMH 63
	quartz
	C1
	12
	-3
	317.4
	 
	4.96
	30
	L-V
	P

	MMH 63
	quartz
	C2
	1
	 
	180.0
	281.1
	36.75
	10
	L-V-H
	single

	MMH 63
	quartz
	C2
	2
	-22.1
	236.9
	 
	25.07 CaCl2
	10
	L-V
	single

	MMH 63
	quartz
	C2
	3
	-1.6
	216.6
	 
	2.74
	10
	L-V
	single

	MMH 63
	quartz
	C2
	5
	-4
	328.8
	 
	6.45
	15
	L-V
	Q

	MMH 63
	quartz
	C2
	6
	-4.2
	323.9
	 
	6.74
	10
	L-V
	Q

	MMH 63
	quartz
	C1
	1
	7.5
	284.4
	 
	4.88
	10
	L-V
	single

	MMH 63
	quartz
	C1
	2
	-7.8
	324.6
	 
	11.46
	25
	L-V
	R

	MMH 63
	quartz
	C1
	3
	-3.1
	330.6
	 
	5.11
	20
	L-V
	R

	MMH 63
	quartz
	C1
	4
	-26
	263.7
	 
	28.99 CaCl2
	15
	L-V
	single

	MMH 63
	quartz
	C1
	5
	-13
	223.4
	 
	16.89
	20
	L-V
	single

	MMH 63
	quartz
	C1
	6
	-6.5
	343.6
	 
	9.86
	20
	L-V
	single

	MMH 63
	quartz
	C1
	7
	 
	248.1
	338.8
	41.4
	15
	L-V-H-Hem
	single

	MMH 63
	quartz
	C1
	8
	 
	195.5
	380.6
	45.43
	8
	L-V-H-Hem
	single

	MMH 63
	quartz
	C3
	1
	 
	199.6
	252.4
	34.84
	15
	L-V-H-Hem
	S

	MMH 63
	quartz
	C3
	3
	 
	211.6
	255.1
	35.01
	20
	L-V-H-Hem
	S

	MMH 63
	quartz
	C3
	2
	 
	198.1
	289.3
	37.35
	15
	L-V-H-Hem
	T

	MMH 63
	quartz
	C3
	9
	 
	221.2
	294.7
	37.75
	15
	L-V-H-Hem
	T

	MMH 63
	quartz
	C3
	4
	-7.1
	294.9
	 
	10.61
	12
	L-V
	single

	MMH 63
	quartz
	C3
	7
	 
	370
	395.9
	47
	12
	L-V-H-Hem
	single




	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 63
	quartz
	C3
	8
	 
	228.3
	371.4
	44.47
	12
	L-V-H-Hem
	single

	MMH 63
	quartz
	C3
	11
	-9.9
	334.9
	 
	13.83
	10
	L-V
	single

	MMH 63
	quartz
	C3
	14
	-15.5
	299.2
	 
	19.05
	8
	L-V
	single

	MMH 63
	quartz
	C3
	15
	 
	241.8
	194.5
	31.6
	6
	L-V-H-Hem
	single

	MMH 63
	quartz
	C3
	16
	-17.5
	260
	 
	20.6
	12
	L-V
	single

	MMH 63
	quartz
	C3
	17
	-2.4
	311.1
	 
	4.03
	17
	L-V
	U

	MMH 63
	quartz
	C3
	18
	-2.2
	277.7
	 
	3.71
	5
	L-V
	U

	MMH 63
	quartz
	C3
	19
	-13.1
	337.5
	 
	16.99
	10
	L-V
	single

	MMH 63
	quartz
	C3
	20
	-1.4
	313.3
	 
	2.41
	10
	L-V
	V

	MMH 63
	quartz
	C3
	21
	-1.5
	303.6
	 
	2.57
	5
	L-V
	V

	MMH 63
	quartz
	C3
	22
	-1.7
	303.8
	 
	2.9
	10
	L-V
	V

	MMH 63
	quartz
	C3
	23
	-8.1
	289
	 
	11.81
	8
	L-V
	single

	MMH 63
	quartz
	C3
	24
	-9.8
	354.1
	 
	13.72
	12
	L-V
	single

	MMH 64
	quartz
	C1
	1
	-15.7
	284.6
	 
	19.21
	12
	L-V
	W

	MMH 64
	quartz
	C1
	2
	-15.3
	270.1
	 
	18.88
	15
	L-V
	W

	MMH 64
	quartz
	C1
	3
	-1
	314.4
	 
	1.74
	5
	L-V
	X

	MMH 64
	quartz
	C1
	4
	-1.2
	300.2
	 
	2.07
	3
	L-V
	X

	MMH 64
	quartz
	C1
	5
	-0.5
	315.6
	 
	0.88
	10
	L-V
	X

	MMH 64
	quartz
	C1
	6
	-2.1
	241.4
	 
	3.55
	13
	L-V
	single

	MMH 64
	quartz
	C1
	7
	-2.1
	303.2
	 
	3.55
	10
	L-V
	single

	MMH 64
	quartz
	C1
	8
	-2.3
	304.7
	 
	3.87
	8
	L-V
	single

	MMH 64
	quartz
	C1
	9
	-2.1
	301.9
	 
	3.55
	5
	L-V
	single

	MMH 64
	quartz
	C1
	10
	-2.2
	274.1
	 
	3.71
	6
	L-V
	Y

	MMH 64
	quartz
	C1
	11
	-3.5
	268.4
	 
	5.71
	7
	L-V
	Y

	MMH 64
	quartz
	C1
	12
	-0.5
	312.3
	 
	0.88
	10
	L-V
	Z

	MMH 64
	quartz
	C1
	13
	-0.6
	297.3
	 
	1.05
	7
	L-V
	Z

	MMH 64
	quartz
	C1
	14
	-1.4
	295.1
	 
	2.41
	7
	L-V
	Z

	MMH 64
	quartz
	C1
	15
	-0.4
	300.2
	 
	0.7
	5
	L-V
	Z

	MMH 64
	quartz
	C1
	16
	-0.9
	310.4
	 
	1.57
	4
	L-V
	Z

	MMH 64
	quartz
	C1
	17
	-14.7
	251.6
	 
	18.38
	3
	L-V
	single

	MMH 64
	quartz
	C2
	1
	-0.8
	322.7
	 
	1.4
	12
	L-V
	AA

	MMH 64
	quartz
	C2
	2
	-1.5
	316.9
	 
	2.57
	4
	L-V
	AA

	MMH 64
	quartz
	C2
	3
	-1.6
	319.8
	 
	2.74
	4
	L-V
	AA

	MMH 64
	quartz
	C2
	4
	-1.2
	318.9
	 
	2.07
	6
	L-V
	AA

	MMH 64
	quartz
	C2
	5
	-1.8
	318.2
	 
	3.06
	5
	L-V
	single

	MMH 64
	quartz
	C2
	6
	-1.2
	317.1
	 
	2.07
	6
	L-V
	BB

	MMH 64
	quartz
	C2
	7
	-1.8
	365.9
	 
	3.06
	2
	L-V
	BB

	MMH 64
	quartz
	C2
	8
	-4.4
	344.1
	 
	7.02
	3
	L-V
	CC

	MMH 64
	quartz
	C2
	9
	-4.4
	359.2
	 
	7.02
	9
	L-V
	CC

	MMH 64
	quartz
	C2
	10
	-4.2
	313.5
	 
	6.74
	2
	L-V
	CC

	MMH 64
	quartz
	C2
	11
	-3.7
	182.5
	 
	6.01
	5
	L-V
	CC

	MMH 64
	quartz
	C2
	12
	-1.5
	239.6
	 
	2.57
	5
	L-V
	CC

	MMH 64
	quartz
	C3
	1
	-0.9
	311.1
	 
	1.57
	8
	L-V
	single

	MMH 64
	quartz
	C3
	2
	-1.2
	300.5
	 
	2.07
	15
	L-V
	DD

	MMH 64
	quartz
	C3
	3
	-2
	221.7
	 
	3.39
	17
	L-V
	single

	MMH 64
	quartz
	C3
	4
	-0.9
	307.8
	 
	1.57
	17
	L-V
	DD

	MMH 64
	quartz
	C3
	5
	-1.2
	306.4
	 
	2.07
	17
	L-V
	DD




	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 64
	quartz
	C3
	6
	-1.5
	306.2
	 
	2.57
	30
	L-V
	DD

	MMH 64
	quartz
	C3
	7
	-1.5
	317.2
	 
	2.57
	5
	L-V
	DD

	MMH 64
	quartz
	C3
	8
	-1.8
	316
	 
	3.06
	5
	L-V
	DD

	MMH 64
	quartz
	C3
	9
	-2.1
	297.8
	 
	3.55
	38
	L-V
	EE

	MMH 64
	quartz
	C3
	10
	-1.6
	281.5
	 
	2.74
	5
	L-V
	EE

	MMH 64
	quartz
	C3
	11
	-3
	292.8
	 
	4.96
	3
	L-V
	EE

	MMH 64
	quartz
	C3
	12
	-2.5
	290.8
	 
	4.18
	3
	L-V
	EE

	MMH 64
	quartz
	C3
	13
	-2.5
	298.5
	 
	4.18
	3
	L-V
	EE

	MMH 64
	quartz
	C3
	14
	-2.4
	293.2
	 
	4.03
	3
	L-V
	EE

	MMH 64
	quartz
	C4
	1
	 
	219.6
	167.7
	30.37
	5
	L-V-H
	single

	MMH 64
	quartz
	C4
	2
	-1.9
	381.6
	 
	3.23
	8
	L-V
	single

	MMH 64
	quartz
	C4
	3
	-2.7
	339.8
	 
	4.49
	10
	L-V
	FF

	MMH 64
	quartz
	C4
	4
	-3.5
	304.5
	 
	5.71
	8
	L-V
	FF

	MMH 64
	quartz
	C4
	5
	-12.7
	258.1
	 
	16.62
	8
	L-V
	single

	MMH 64
	quartz
	C4
	6
	-3.2
	245.3
	 
	5.26
	8
	L-V
	GG

	MMH 64
	quartz
	C4
	7
	-3.8
	282.3
	 
	6.16
	8
	L-V
	GG

	MMH 64
	quartz
	C4
	8
	-4
	279.8
	 
	6.45
	8
	L-V
	GG

	MMH 64
	quartz
	C4
	9
	-1.3
	306
	 
	2.24
	20
	L-V
	single

	MMH 64
	quartz
	C4
	10
	-2.5
	320.5
	 
	4.18
	10
	L-V
	single

	MMH 64
	quartz
	C4
	11
	-2
	175.5
	 
	3.39
	8
	L-V
	single

	MMH 64
	quartz
	C4
	12
	-5.5
	296.3
	 
	8.55
	10
	L-V
	HH

	MMH 64
	quartz
	C4
	13
	-4.9
	327.6
	 
	7.73
	12
	L-V
	HH

	MMH 64
	quartz
	C4
	14
	-4.3
	321.6
	 
	6.88
	10
	L-V
	HH

	MMH 64
	quartz
	C4
	15
	-4.1
	327.6
	 
	6.59
	8
	L-V
	HH

	MMH 64
	quartz
	C5
	1
	-7.6
	281.2
	 
	11.22
	3
	L-V
	II

	MMH 64
	quartz
	C5
	2
	-15.7
	226.9
	 
	19.21
	6
	L-V
	II

	MMH 64
	quartz
	C5
	3
	-7.5
	288.5
	 
	11.1
	3
	L-V
	II

	MMH 64
	quartz
	C5
	4
	-13
	220
	 
	16.89
	4
	L-V
	JJ

	MMH 64
	quartz
	C5
	5
	-13
	227.5
	 
	16.89
	2
	L-V
	JJ

	MMH 64
	quartz
	C5
	6
	-25.7
	247.7
	 
	28.69 CaCl2
	10
	L-V
	KK

	MMH 64
	quartz
	C5
	7
	-28.3
	240.8
	 
	31.31 CaCl2
	23
	L-V
	KK

	MMH 64
	quartz
	C5
	9
	-8
	307.2
	 
	11.7
	22
	L-V
	single

	MMH 64
	quartz
	C5
	10
	-1.8
	314.9
	 
	3.06
	10
	L-V
	LL

	MMH 64
	quartz
	C5
	11
	-1.8
	314.9
	 
	3.06
	5
	L-V
	LL

	MMH 64
	quartz
	C5
	12
	-2
	327.2
	 
	3.39
	4
	L-V
	LL

	MMH 65
	quartz
	C6
	1
	 
	304.3
	400
	47.44
	10
	L+V
	single

	MMH 75
	quartz
	C1
	1
	-32.9
	278.9
	 
	35.94 CaCl2
	7
	L+V
	single

	MMH 75
	quartz
	C1
	2
	-23.2
	251.9
	 
	26.18 CaCl2
	7
	L+V
	single

	MMH 75
	quartz
	C1
	3
	-1.2
	295.5
	 
	2.07
	15
	L+V
	single

	MMH 75
	quartz
	C1
	4
	-30.4
	278.2
	 
	33.42 CaCl2
	8
	L+V
	single

	MMH 75
	quartz
	C1
	5
	 
	276.6
	127.2
	28.82
	13
	L+V+H
	single

	MMH 75
	quartz
	C1
	7
	-2.7
	355.6
	 
	4.49
	7
	L+V
	MM

	MMH 75
	quartz
	C1
	8
	-1.5
	320.4
	 
	2.57
	10
	L+V
	MM

	MMH 75
	quartz
	C1
	10
	 
	212.1
	189.9
	31.39
	5
	L+V+H
	single

	MMH 75
	quartz
	C1
	11
	-34
	254.6
	 
	37.04 CaCl2
	6
	L+V
	NN

	MMH 75
	quartz
	C1
	12
	-35.2
	214.3
	 
	38.25 CaCl2
	2
	L+V
	NN

	MMH 75
	quartz
	C1
	13
	 
	247.4
	243.1
	34.13
	5
	L+V+H
	single

	MMH 75
	quartz
	C2
	1
	-0.7
	165.1
	 
	1.22
	25
	L+V
	single

	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 75
	quartz
	C2
	2
	 
	223.9
	205.4
	32.15
	5
	L+V+H
	single

	MMH 75
	quartz
	C2
	3
	-6.2
	317
	 
	9.47
	3
	L+V
	single

	MMH 75
	quartz
	C2
	4
	-10.5
	294.1
	 
	14.46
	3
	L+V
	single

	MMH 75
	quartz
	C2
	6
	-10.7
	389.5
	 
	14.67
	10
	L+V
	single

	MMH 75
	quartz
	C2
	7
	-19.7
	306.6
	 
	22.17
	5
	L+V
	single

	MMH 75
	quartz
	C2
	8
	-38.8
	256.1
	 
	41.87 CaCl2
	7
	L+V
	single

	MMH 75
	quartz
	C2
	9
	-29.7
	317.1
	 
	32.72 CaCl2
	7
	L+V
	single

	MMH 75
	quartz
	C2
	10
	-11.1
	470
	 
	15.07
	10
	L+V
	OO

	MMH 75
	quartz
	C2
	11
	-10.9
	323
	 
	14.87
	5
	L+V
	OO

	MMH 75
	quartz
	C3
	1
	-33.8
	261.4
	 
	36.84
	10
	L+V
	PP

	MMH 75
	quartz
	C3
	2
	-22.2
	306.5
	 
	25.17 CaCl2
	5
	L+V
	PP

	MMH 75
	quartz
	C3
	3
	-25.9
	291.6
	 
	28.89 CaCl2
	7
	L+V
	QQ

	MMH 75
	quartz
	C3
	4
	-49.5
	201.7
	 
	52.64 CaCl2
	5
	L+V
	QQ

	MMH 75
	quartz
	C3
	5
	-23.2
	292.1
	 
	26.18 CaCl2
	5
	L+V
	single

	MMH 75
	quartz
	C3
	6
	-2.2
	313.7
	 
	3.71
	25
	L+V
	single

	MMH 75
	quartz
	C3
	7
	 
	228.2
	218.1
	32.81
	3
	L+V+H
	RR

	MMH 75
	quartz
	C3
	8
	 
	232
	219.1
	32.87
	5
	L+V+H
	RR

	MMH 75
	quartz
	C3
	9
	-26.8
	293.3
	 
	29.80 CaCl2
	8
	L+V
	single

	MMH 75
	quartz
	C3
	10
	-14
	175.7
	 
	17.79
	5
	L+V
	single

	MMH 75
	quartz
	C3
	11
	-3.5
	270.6
	 
	5.71
	10
	L+V
	single

	MMH 85
	quartz
	C1
	1
	-2.7
	327
	 
	4.49
	10
	L+V
	SS

	MMH 85
	quartz
	C1
	2
	-2.8
	317
	 
	4.65
	8
	L+V
	SS

	MMH 85
	quartz
	C1
	3
	-1.5
	320.8
	 
	2.57
	9
	L+V
	SS

	MMH 85
	quartz
	C1
	4
	-2.1
	311
	 
	3.55
	5
	L+V
	SS

	MMH 85
	quartz
	C1
	5
	-2.1
	307.6
	 
	3.55
	11
	L+V
	SS

	MMH 85
	quartz
	C1
	6
	-1.3
	307
	 
	2.24
	6
	L+V
	SS

	MMH 85
	quartz
	C1
	7
	-1.2
	304.3
	 
	2.07
	4
	L+V
	SS

	MMH 85
	quartz
	C1
	8
	-1.2
	305.1
	 
	2.07
	5
	L+V
	SS

	MMH 85
	quartz
	C1
	9
	-2
	303.6
	 
	3.39
	5
	L+V
	SS

	MMH 85
	quartz
	C1
	10
	-1.2
	302.4
	 
	2.07
	6
	L+V
	SS

	MMH 85
	quartz
	C1
	11
	-5.3
	305
	 
	8.28
	4
	L+V
	SS

	MMH 85
	quartz
	C1
	12
	 
	227.4
	378.5
	45.13
	4
	L+V+H
	single

	MMH 85
	quartz
	C1
	13
	-1.6
	336.6
	 
	2.74
	6
	L+V
	TT

	MMH 85
	quartz
	C1
	14
	-3.1
	343.6
	 
	5.1
	6
	L+V
	TT

	MMH 85
	quartz
	C1
	15
	-1.2
	313.5
	 
	2.07
	7
	L+V
	single

	MMH 85
	quartz
	C1
	16
	-2
	320.1
	 
	3.39
	10
	L+V
	single

	MMH 85
	quartz
	C1
	17
	-1.5
	312.8
	 
	2.57
	3
	L+V
	UU

	MMH 85
	quartz
	C1
	18
	-2.7
	310.9
	 
	4.49
	6
	L+V
	UU

	MMH 85
	quartz
	C1
	19
	-1.9
	287.9
	 
	3.23
	6
	L+V
	UU

	MMH 85
	quartz
	C1
	20
	-4
	302.1
	 
	6.45
	8
	L+V
	UU

	MMH 85
	quartz
	C1
	21
	-4.4
	325
	 
	7.02
	8
	L+V
	VV

	MMH 85
	quartz
	C1
	22
	-3.2
	334.7
	 
	5.26
	10
	L+V
	VV

	MMH 85
	quartz
	C1
	23
	-2.7
	311.8
	 
	4.49
	7
	L+V
	single

	MMH 85
	quartz
	C2
	1
	-2.7
	308.3
	 
	4.49
	9
	L+V
	single

	MMH 85
	quartz
	C2
	2
	-1
	328.8
	 
	1.74
	8
	L+V
	single

	MMH 85
	quartz
	C2
	3
	-1
	310.1
	 
	1.74
	8
	L+V
	single

	MMH 85
	quartz
	C2
	4
	-2
	141.4
	 
	3.39
	8
	L+V
	single

	MMH 85
	quartz
	C2
	5
	-1.6
	219.5
	 
	2.74
	5
	L+V
	single

	MMH 85
	quartz
	C2
	6
	 
	235.3
	355
	42.87
	4
	L+V+H
	single

	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 85
	quartz
	C2
	8
	-1.6
	312.3
	 
	2.74
	3
	L+V
	single

	MMH 85
	quartz
	C2
	9
	-1.6
	306.8
	 
	2.74
	2
	L+V
	single

	MMH 85
	quartz
	C2
	10
	-5.5
	288.8
	 
	8.55
	3
	L+V
	single

	MMH 85
	quartz
	C2
	11
	-1.3
	287.2
	 
	2.24
	2
	L+V
	single

	MMH 85
	quartz
	C2
	12
	-1.6
	314.2
	 
	2.74
	3
	L+V
	single

	MMH 85
	quartz
	C2
	13
	-1.3
	315.2
	 
	2.24
	3
	L+V
	single

	MMH 85
	quartz
	C2
	14
	-1.4
	320.9
	 
	2.41
	3
	L+V
	single

	MMH 85
	quartz
	C2
	15
	-1.4
	331.9
	 
	2.41
	5
	L+V
	single

	MMH 85
	quartz
	C2
	16
	-2.4
	317.8
	 
	4.03
	5
	L+V
	single

	MMH 85
	quartz
	C2
	17
	-4.3
	302.3
	 
	6.88
	4
	L+V
	single

	MMH 85
	quartz
	C2
	18
	-3.8
	299.4
	 
	6.16
	4
	L+V
	single

	MMH 87
	quartz
	C1
	1
	-2
	305.8
	 
	3.39
	8
	L+V
	WW

	MMH 87
	quartz
	C1
	2
	-2
	310.5
	 
	3.39
	12
	L+V
	WW

	MMH 87
	quartz
	C1
	3
	-1.9
	311.5
	 
	3.23
	9
	L+V
	WW

	MMH 87
	quartz
	C1
	4
	-2.1
	316.1
	 
	3.55
	6
	L+V
	single

	MMH 87
	quartz
	C1
	5
	-1.7
	313
	 
	2.9
	4
	L+V
	XX

	MMH 87
	quartz
	C1
	6
	-2.1
	306.2
	 
	3.55
	8
	L+V
	XX

	MMH 87
	quartz
	C1
	7
	-2.1
	315.9
	 
	3.55
	9
	L+V
	XX

	MMH 87
	quartz
	C1
	8
	-1.7
	312.8
	 
	2.9
	4
	L+V
	XX

	MMH 87
	quartz
	C2
	1
	-1.9
	321.1
	 
	3.23
	3
	L+V
	YY

	MMH 87
	quartz
	C2
	2
	-1.8
	336.4
	 
	3.06
	7
	L+V
	YY

	MMH 87
	quartz
	C2
	3
	-3.2
	309.8
	 
	5.26
	10
	L+V
	single

	MMH 87
	quartz
	C2
	4
	-2.1
	316.1
	 
	3.55
	7
	L+V
	ZZ

	MMH 87
	quartz
	C2
	5
	-2.2
	321.3
	 
	3.71
	7
	L+V
	ZZ

	MMH 87
	quartz
	C2
	6
	-2.2
	310.9
	 
	3.71
	7
	L+V
	ZZ

	MMH 87
	quartz
	C2
	7
	-3.2
	332.1
	 
	5.26
	7
	L+V
	single

	MMH 87
	quartz
	C2
	8
	-2.1
	315.9
	 
	3.55
	3
	L+V
	AAA

	MMH 87
	quartz
	C2
	9
	-2.1
	315.9
	 
	3.55
	6
	L+V
	AAA

	MMH 87
	quartz
	C2
	10
	-2.1
	317.6
	 
	3.55
	8
	L+V
	AAA

	MMH 87
	quartz
	C3
	1
	-3.2
	309.5
	 
	5.26
	8
	L+V
	BBB

	MMH 87
	quartz
	C3
	2
	-2.7
	324
	 
	4.49
	6
	L+V
	BBB

	MMH 87
	quartz
	C3
	3
	-2.7
	327.1
	 
	4.49
	6
	L+V
	BBB

	MMH 87
	quartz
	C3
	4
	-1.8
	320.4
	 
	3.06
	8
	L+V
	CCC

	MMH 87
	quartz
	C3
	5
	-3
	308.7
	 
	4.96
	7
	L+V
	CCC

	MMH 87
	quartz
	C3
	6
	-2
	318.2
	 
	3.39
	3
	L+V
	CCC

	MMH 87
	quartz
	C3
	7
	-1.5
	326.5
	 
	2.57
	8
	L+V
	single

	MMH 87
	quartz
	C3
	8
	-1.7
	337.3
	 
	2.9
	8
	L+V
	single

	MMH 87
	quartz
	C3
	9
	-3
	303.1
	 
	4.96
	7
	L+V
	single

	MMH 87
	quartz
	C3
	10
	-2
	342.9
	 
	3.39
	8
	L+V
	DDD

	MMH 87
	quartz
	C3
	11
	-7
	322.4
	 
	10.49
	12
	L+V
	DDD

	MMH 87
	quartz
	C3
	12
	-2.3
	320.2
	 
	3.87
	11
	L+V
	DDD

	MMH 90
	quartz
	C1
	1
	-2.1
	323.2
	 
	3.55
	7
	L+V
	single

	MMH 90
	quartz
	C1
	2
	-1.9
	328.7
	 
	3.23
	8
	L+V
	single

	MMH 90
	quartz
	C1
	3
	-3
	283.1
	 
	4.96
	4
	L+V
	single

	MMH 90
	quartz
	C1
	4
	-3.5
	308.5
	 
	5.71
	4
	L+V
	single

	MMH 90
	quartz
	C1
	5
	-1.7
	298.8
	 
	2.9
	10
	L+V
	single

	MMH 92
	quartz
	C1
	1
	-6.2
	304.4
	 
	9.47
	8
	L+V
	single

	MMH 92
	quartz
	C1
	2
	-1.7
	326.4
	 
	2.9
	7
	L+V
	single

	Sample 
	Host
	Chip#
	FI#
	Tm ice
	Tvapor out
	Tmhalite
	wt%NaCleq.
	Size (mm)
	Phases (20oC)
	FIA

	MMH 92
	quartz
	C1
	5
	-2.8
	317.1
	 
	4.65
	12
	L+V
	single

	MMH 92
	quartz
	C1
	6
	-1.8
	210.8
	 
	3.06
	3
	L+V
	single

	MMH 92
	quartz
	C2
	1
	-6.6
	291.8
	 
	9.98
	6
	L+V
	single

	MMH 92
	quartz
	C2
	2
	-7
	296.9
	 
	10.49
	5
	L+V
	single

	MMH 92
	quartz
	C2
	3
	-5
	305.2
	 
	7.86
	9
	L+V
	single

	MMH 92
	quartz
	C2
	4
	-2
	330.9
	 
	3.39
	4
	L+V
	single

	MMH 92
	quartz
	C2
	5
	-2.7
	192
	 
	4.49
	20
	L+V
	single

	MMH 92
	quartz
	C2
	6
	-3
	202.5
	 
	4.96
	5
	L+V
	single

	MMH 92
	quartz
	C2
	7
	-2.5
	313.5
	 
	4.18
	5
	L+V
	single

	MMH 92
	quartz
	C2
	8
	-2.6
	301.6
	 
	4.34
	5
	L+V
	single

	Fluid inclusions measurements Darren LeFort, c/o Jacob Hanley, St. Mary's University, Halifax, NS, Canada 
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