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As the chemical compositions of CI chondrites closely resemble that of the Sun's photosphere, their oxygen isotopic compositions represent a powerful tool to constrain the origin and dynamics of dust and water ice grains in the protoplanetary disk. However, parent-body alteration processes make straightforward estimation of the primordial isotopic compositions of CI chondritic water and anhydrous minerals difficult. In this contribution, we used in-situ SIMS measurements to determine the oxygen isotope compositions of mechanically isolated olivine and carbonate grains from the CI chondrite Orgueil and carbonates in a polished section of the CI chondrite Ivuna. Most CI olivine grains have Earth-like O isotopic compositions ( 17 O ≈ 0‰) plotting at the intersection of the terrestrial fractionation line and the primitive chondrule minerals line. Ca-carbonates from Orgueil and Ivuna define a trend with  17 O = (0.50 ± 0.05)   18 O + (0.9 ± 1.4) that differs from mass-independent variations observed in secondary phases of other carbonaceous chondrites. These data show that CIs are chemically solar but isotopically terrestrial for oxygen isotopes. This supports models suggesting that primordial Solar System dust was 16 O-poor ( 17 O ≈ 0‰) relative to the 16 Orich nebular gas. Based on results, mass balance calculations reveal that the pristine O isotopic compositions of carbonaceous chondrite matrices differ significantly from the CI composition, except for CR chondrites (calculated  17 O values of CM, CO, CV and CR matrices being -3.97 ± 1.19‰, -4.33 ± 1.45‰, -7.95 ± 1.95‰, and -0.07 ± 1.16‰, respectively). This confirms an open chondrule-matrix system with respect to oxygen isotopes where chondrule compositions reflect complex processes of chondrule precursor recycling and gas-melt interactions. As the Mg-Si-Fe chondrule budget is also partially controlled by gas-melt interactions, the complementary formation of chondrules and matrix from a single solar-like reservoir -if it existsrequire that (i) this reservoir must have been in a closed system with the gas or (ii) the gas had a CI composition to satisfy the elemental mass balance.

Introduction

CI carbonaceous chondrites contain the highest abundances of hydrogen (~1.5 wt.%; [START_REF] Alexander | The Provenances of Asteroids, and Their Contributions to the Volatile Inventories of the Terrestrial Planets[END_REF] of all chondrite classes and groups, mostly in their hydrated minerals.

These minerals are considered to result from intense episodes of hydrothermal alteration induced by the melting of accreted water ice grains, which strongly modified the initial CI petrography [START_REF] Brearley | The action of water[END_REF]. CI chondrites indeed contain high abundances of secondary minerals such as phyllosilicates (81-84 vol.%), magnetites (6-10 vol.%), sulfides (4-7 vol.%), and carbonates (<3 vol.%; [START_REF] King | Modal mineralogy of CI and CI-like chondrites by X-ray diffraction[END_REF]. Although CI chondrites are the most altered chondrites known so far, they are of primary importance as their bulk chemical compositions are similar to that of the solar photosphere, which is representative of the average Solar System composition [START_REF] Lodders | Solar system abundances and condensation temperatures of the elements[END_REF].

Chondrites generally comprise four main components in variable proportions: chondrules (20-80 vol.%), refractory inclusions (0.1-3 vol.%), Fe-Ni metal beads (0.1-70 vol.%), and matrix material (1-75 vol.%). These different components formed during the evolution of the solar protoplanetary disk and thus represent temporal and spatial records of the formation of the Solar System. The chondrule-matrix complementarity model proposes that chondrules and matrices in carbonaceous chondrites are genetically linked based on their Mg/Si ratios [START_REF] Hezel | The chemical relationship between chondrules and matrix and the chondrule matrix complementarity[END_REF][START_REF] Palme | The origin of chondrules: Constraints from matrix composition and matrix-chondrule complementarity[END_REF][START_REF] Hezel | Composition of Chondrules and Matrix and Their Complementary Relationship in Chondrites[END_REF]: although bulk carbonaceous chondrites exhibit CI chondritic Mg/Si ratios, chondrules and matrices have super-and sub-CI chondritic ratios, respectively, suggesting that chondrules and matrices formed from a unique chemical reservoir of bulk CI composition. Although this model is widely debated (see [START_REF] Hezel | Composition of Chondrules and Matrix and Their Complementary Relationship in Chondrites[END_REF]Zanda et al., 2018, for recent reviews), it has fundamental implications for the dynamics of the protoplanetary disk and highlights the importance of deciphering the nature of the primitive CI matrix in terms of understanding (i) the conditions of chondrule formation [START_REF] Hezel | Composition of Chondrules and Matrix and Their Complementary Relationship in Chondrites[END_REF][START_REF] Van Kooten | A unifying model for the accretion of chondrules and matrix[END_REF] and (ii) the transport of dust in the protoplanetary disk [START_REF] Anders | Origin, age, and composition of meteorites[END_REF][START_REF] Zanda | The Chondritic Assemblage. In Chondrules: Records of Protoplanetary Disk Processes Complementarity Is Not a Required Hypothesis[END_REF].

Unfortunately, CI chondrites are rare and only a few have been described: Alais (~6 kg), Ivuna (705 g), Orgueil (~14 kg), Revelstocke (1 g), and Tonk (7.7 g). In addition, the intense parent-body fluid circulation processes that altered CI chondrites limit our knowledge of their original characteristics. Thus, it remains unclear if CI chondrites were entirely composed of fine-grained matrix or if they initially contained significant proportions of refractory inclusions, chondrules, and Fe-Ni metal beads that were subsequently erased by secondary alteration processes. To our knowledge, only one partially altered, 26 Al-free, 16 O-rich Ca-Alrich refractory inclusion has been described in Ivuna [START_REF] Frank | A CAI in the Ivuna CI1 chondrite[END_REF](Frank et al., , 2017)), and no chondrules or pseudomorphosed chondrules have yet been reported in CI chondrites.

Although extensively altered, high-temperature minerals such as olivine and pyroxene are present in significant proportions in CI chondrites (~3 vol.%; [START_REF] King | Modal mineralogy of CI and CI-like chondrites by X-ray diffraction[END_REF] and can be isolated by mechanical processing [START_REF] Reid | Olivine and pyroxene in the Orgueil meteorite[END_REF][START_REF] Kerridge | Mafic silicates in the Orgueil carbonaceous meteorite[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF] and identified in thin sections. These grains are generally anhedral and have been reported to contain Fe-Ni metal blebs and glass inclusions with shrinking bubbles [START_REF] Reid | Olivine and pyroxene in the Orgueil meteorite[END_REF][START_REF] Kerridge | Mafic silicates in the Orgueil carbonaceous meteorite[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Gac | Are CI Chondrites Cometary Samples? Olivine as a Diagnostic Tool[END_REF]. Most olivines extracted from CI chondrites and measured by secondary ion mass spectrometry (SIMS; [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF] have O isotopic compositions plotting at the intersection of the Primitive Chondrule Minerals line (PCM,  17 O = 0.987 ×  18 O -2.7; [START_REF] Ushikubo | Primordial oxygen isotope reservoirs of the solar nebula recorded in chondrules in Acfer 094 carbonaceous chondrite[END_REF] and the Terrestrial Fractionation Line (TFL,  17 O = 0.52 ×  18 O). Few olivine grains exhibit more 16 O-rich compositions [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF] similar to chondrule olivines commonly measured in CM, CO and CV carbonaceous chondrite (i.e.,  18 O ≈  17 O ≈ -7‰; [START_REF] Clayton | Oxygen isotope studies of carbonaceous chondrites[END_REF][START_REF] Marrocchi | A systematic for oxygen isotopic variation in meteoritic chondrules[END_REF]Marrocchi, et al., 2018aMarrocchi, et al., , 2019;;[START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF], suggesting that chondrules might represent a significant component accreted by CI chondrites. However, the large uncertainties on these measurements (i.e., ~4.5‰, 2, inherent in SIMS measurements at that time) preclude definite interpretation regarding the signature of high-temperature minerals in CI chondrites. In addition, it is not clear if CI chondriteaccretion region(s) experienced chondrule formation processes or if chondrules were radially transported from other chondrule-forming regions.

Among the secondary phases in CI chondrites, carbonates are of primary importance as they represent a direct snapshot of the alteration fluid from which they precipitated [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF]. However, only a few measurements have been reported so far for carbonates in CI chondrites, and only the  18 O values were reported [START_REF] Grady | The carbon and oxygen isotopic composition of meteoritic carbonates[END_REF][START_REF] Alexander | Carbonate abundances and isotopic compositions in chondrites[END_REF]. In addition, these data correspond to analyses after H 3 PO 4 acid treatment [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF][START_REF] Leshin | Oxygen isotopic anatomy of Tagish Lake: Relationship to primary and secondary minerals in CI and CM chondrites[END_REF], and potential contamination from adjacent matrix cannot be excluded. To date, no SIMS O isotopic analyses have been reported for CI carbonates, despite the aptitude of this technique for deciphering the origin of water accreted by chondrites and their alteration conditions [START_REF] Tyra | An oxygen isotope dichotomy in CM2 chondritic carbonates: A SIMS approach[END_REF][START_REF] Tyra | Episodic carbonate precipitation in the CM chondrite ALH 84049: An ion microprobe analysis of O and C isotopes[END_REF][START_REF] Lee | The oxygen isotope evolution of parent body aqueous solutions as recorded by multiple carbonate generations in the Lonewolf Nunataks 94101 CM2 carbonaceous chondrite[END_REF][START_REF] Fujiya | Comprehensive study of carbon and oxygen isotopic compositions, trace element abundances, and cathodoluminescence intensities of calcite in the Murchison CM chondrite[END_REF][START_REF] Vacher | Inward radial mixing of interstellar water ices in the solar protoplanetary disk[END_REF][START_REF] Vacher | Petrographic and C & O isotopic characteristics of the earliest stages of aqueous alteration of CM chondrites[END_REF][START_REF] Verdier-Paoletti | Testing the genetic relationship between fluid alteration and brecciation in CM chondrites[END_REF][START_REF] Verdier-Paoletti | Oxygen isotope constraints on the alteration temperatures of CM chondrites[END_REF], 2019;[START_REF] Jilly-Rehak | Low-temperature aqueous alteration on the CR chondrite parent body: implications from in situ oxygenisotope analyses[END_REF]Marrocchi et al., 2018b).

Here, we report results from a protocol in which we have (i) mechanically isolated mafic minerals and carbonate grains from the CI chondrite Orgueil, and (ii) determined their oxygen isotopic composition by SIMS. For comparison, we surveyed a polished section of Ivuna and analysed the O isotopic compositions of carbonates. We use our results to investigate the pre-alteration oxygen isotopic composition of CI chondrites and to constrain the source of water accreted by CI chondrites. In addition, we perform mass-balance calculations to (i) estimate the pristine oxygen isotopic compositions of carbonaceous chondrite matrices and (ii) bring constraints on the controversial concept of chondrule-matrix complementary.

Material and methods

Grain separation and preparation

Mineral grains were separated from ~15 mg of Orgueil following the method described in [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF], and briefly summarized here. Chips of Orgueil were gently crushed in an agate mortar and the powder was ultrasonically cleaned in ethanol for 45 min.

After drying, the powder was sieved into <50 µm, 50-100 µm, and >100 µm size fractions.

Coarse olivine and carbonate grains were then handpicked, mounted in epoxy, and polished using diamond paste (Fig. 1).

Petrographic and mineralogical characterisation

We acquired elemental distribution maps of Ivuna at the Natural History Museum in London using a Zeiss EVO 15LS scanning electron microscope (SEM) equipped with an Oxford Instruments XMax silicon drift energy dispersive X-ray (EDX) detector and INCA version 18 software (Fig. 2). Backscattered electron images and EDX maps were acquired at an accelerating voltage of 20 kV and 3 nA beam current. Due to the size of the samples (each approximately 3.5 cm 2 ), coverage at high resolution required the overnight collection of over 200 separate maps per section using the Smartmap automated-stage raster procedure. For each X-ray map area, multiple frames of 1024 × 768 analysis points were collected at a pixelspacing of 1.52 µm. X-ray emission spectra (0-10 keV in 2048 channels) were stored for each pixel location. Elemental X-ray maps were subsequently extracted from the data set (approximately 1.2 GB), and combined in a conventional Mg = red, Fe = blue, Ca = green colour scheme to reveal areas of specific interest (Fig. 2).

Minerals isolated from Orgueil were coated with a 25-nm-thick carbon layer to avoid charging effects under the electron beam. SEM imaging was performed on a JEOL JSM-6510 SEM equipped with a Genesis EDX detector at the Centre de Recherches Pétrographiques et Géochimiques (CRPG-CNRS, Nancy, France) using 3 nA electron beam accelerated at 15 kV.

Quantitative chemical compositions of carbonate and olivine grains were obtained using a Cameca SX Five electron microprobe at the Université Pierre et Marie Curie (UPMC, Camparis, Paris, France) using a 40 nA focused beam accelerated to 15 kV. We analysed Na, Mg, Si, Al, K, Ca, Fe, Ti, Cr, and Mn in Orgueil olivines, Mg, Si, Ca, Fe, and Mn in Orgueil carbonates, and Na, Mg, Si, Al, K, Ca, Fe, Cr, and Mn in Ivuna carbonates. The high beam current allowed detection limits for silicates to be 150 ppm for Al, Ca, and Ti, 200 ppm for Mn and Si, and 400 ppm for Na, K, Cr, Fe, and Mg. The PAP software was used for matrix corrections. We estimate the detection limits for carbonates to be 900 ppm for Ca, Fe, Mn, Na, and K, and 600 ppm for Mg, Al, Si, and Cr.

Oxygen-isotope analysis

We measured the oxygen isotopic compositions of CI minerals via SIMS using the CAMECA IMS 1270 E7 at CRPG-CNRS. 16 O -, 17 O -, and 18 O -ions produced by a Cs + primary ion beam (~15 µm, ~4 nA) were measured in multi-collection mode using three Faraday cups. A normal-incidence electron gun was used for charge compensation.

To remove interference from 16 OH -on the 17 O -peak and achieve maximum flatness atop the 16 O -and 18 O -peaks, the entrance and exit slits of the central Faraday cup were adjusted to reach a mass resolving power (MRP = M/M) of ~7000 for 17 O -. 16 O -and 18 O - were measured on L'2 and H1 (slit 1, MRP ≈ 2500). As an additional safeguard against 16 OH - interference, a N 2 trap was used to reduce the pressure in the analysis chamber to <5 × 10 -9 mbar. The total measurement duration was 240 s (180 s of measurement + 60 s of presputtering). We used five terrestrial standard materials (San Carlos olivine, magnetite, diopside, calcite, and dolomite) to define the instrumental mass fractionation (IMF) line for the three oxygen isotopes and correct for IMF due to matrix effects in olivine and carbonate grains. Typical count rates obtained on standards were 2.8 × 10 9 cps for 16 O, 1.1 × 10 6 cps for 17 O, and 6.3 × 10 6 cps for 18 O in carbonates, and 2.7 × 10 9 cps for 16 O, 1.0 × 10 6 cps for 17 O, and 5.5 × 10 6 cps for 18 O in San Carlos olivine. Typical 2 measurement errors, accounting for internal errors on each measurement and the external reproducibility of the standard, were estimated to be ~0.2‰ for  18 O, ~0.3‰ for  17 O, and ~0.9‰ for  17 O (representing deviation from the TFL:

 17 O =  17 O -0.52 ×  18 O).

Results

We found 5 olivine, 6 calcite, 14 dolomite, and 8 ferromagnesite grains in Orgueil after crushing, sieving, and handpicking (representative olivine grains are shown in Fig. 1).

Additionally, we selected 16 dolomite grains in the thick section of Ivuna for chemical and isotopic characterization. Hereafter, grains are referred to using the identifiers "O" for Orgueil and "I" for Ivuna.

Orgueil olivines were Mg-rich (Fo 88-95 ) and had low abundances of minor elements such as Ca (≤0.2 wt.% CaO, Table 1). Four of the five olivine grains had similar O isotopic compositions plotting at the intersection of the TFL and PCM, with average values of  18 O = 5.69 ± 0.42‰ and  17 O = 2.96 ± 0.23‰ (Fig. 3A, Table 2). Only olivine grain O16-8 had markedly different O isotopic values ( 18 O = 1.14 ± 0.18‰ and  17 O = -1.41 ± 0.38‰, Fig. 3) and plotted on the PCM below the TFL; this olivine had the highest Fo content and was enriched in Al, Ca, and Cr compared to the other olivine grains (Table 1).

3A, Table

We observed Ca-rich, Ca-Mg-rich, and Mg-Fe-Mn-rich carbonate groups in Orgueil, which represent calcites, dolomites, and ferromagnesites, respectively (Table 3). Based on microprobe analyses, we identified 6 calcites, 14 dolomites, and 8 ferromagnesites. The ferromagnesites include two breunnerites ([Mg x Fe (1-x) ]CO 3 with 0.7 < x < 0.9; grains O6-2 and O7-13), five mesitites ([Mg x Fe (1-x) ]CO 3 with 0.5 < x < 0.7; grains O6-7, O6-10, O7-8, O7-18, and O17-6), and one magnesite (MgCO 3 , grain O21-6). Calcites in Orgueil had constant O isotopic compositions averaging  18 O = 25.55 ± 0.08‰ and  17 O = 13.29 ± 0.36‰ (Fig. 3A, Table 3). Dolomite grains had varying O isotopic compositions, with  18 O values ranging from 24.16 to 32.49‰ and  17 O values from 12.81 to 17.22‰, but constant  17 O values averaging 0.02 ± 0.80‰ (Fig. 3A, Table 3). In Ivuna, we observed only dolomites (Fig. 2) of similar isotopic compositions to Orgueil dolomites, with  18 O values ranging from 24.57 to 29.66‰,  17 O values from 13.06 to 15.68‰, and constant  17 O values averaging 0.40 ± 0.80‰ (Fig. 3A, Table 3).

Discussion

Nature and origin of CI olivine grains

All but one olivine grain isolated from Orgueil have O isotopic compositions plotting at the intersection of the PCM and TFL ( 17 O = 0‰, Fig. 3), which corresponds to the typical oxygen isotopic composition of olivine grains from the Earth's mantle [START_REF] Eiler | Oxygen Isotope Variations of Basaltic Lavas and Upper Mantle Rocks[END_REF]. In addition, these olivine grains have lower Fo contents (Fo 88-95 ) than those commonly reported in (i) CI chondrites (i.e., Fo > 95; Fig. 4; [START_REF] Reid | Olivine and pyroxene in the Orgueil meteorite[END_REF][START_REF] Kerridge | Mafic silicates in the Orgueil carbonaceous meteorite[END_REF][START_REF] Steele | Minor elements in forsterites of Orgueil (C1), Alais (C1) and two interplanetary dust particles compared to C2-C3-UOC forsterites[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Gac | Are CI Chondrites Cometary Samples? Olivine as a Diagnostic Tool[END_REF][START_REF] Frank | Olivine in terminal particles of Stardust aerogel tracks and analogous grains in chondrite matrix[END_REF] and (ii) type I chondrules in different types of carbonaceous chondrites (i.e., Fo > 94; [START_REF] Frank | Olivine in terminal particles of Stardust aerogel tracks and analogous grains in chondrite matrix[END_REF][START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF]. This raises the question of whether these oxygen isotopic compositions reflect terrestrial contamination. However, the olivine grains were recovered after crushing a solid piece of Orgueil, and not from a powder that could have had been contaminated by terrestrial minerals. In addition, CI olivines grains with Fo < 95 are not uncommon as olivine grains with Fo as high as 55 have been reported in previous studies (Fig. 4; [START_REF] Reid | Olivine and pyroxene in the Orgueil meteorite[END_REF][START_REF] Kerridge | Mafic silicates in the Orgueil carbonaceous meteorite[END_REF][START_REF] Steele | Minor elements in forsterites of Orgueil (C1), Alais (C1) and two interplanetary dust particles compared to C2-C3-UOC forsterites[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Gac | Are CI Chondrites Cometary Samples? Olivine as a Diagnostic Tool[END_REF][START_REF] Frank | Olivine in terminal particles of Stardust aerogel tracks and analogous grains in chondrite matrix[END_REF]. Furthermore, among the recovered olivine grains, one plots on the PCM but below the TFL (Fig. 2), suggesting an extraterrestrial origin. Finally, previous studies of mechanically isolated mafic minerals from Orgueil reported similar olivine and pyroxene O isotopic compositions [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF]. These observations suggest that the mafic minerals isolated from Orgueil indeed correspond to primary extraterrestrial minerals, in good agreement with their relative abundances in Orgueil as inferred from X-ray diffraction patterns (~3%; [START_REF] King | Modal mineralogy of CI and CI-like chondrites by X-ray diffraction[END_REF]. CI chondrites are the only subgroup of chondrites that do not contain chondrules, not even pseudomorphosed chondrules as observed in heavily altered CM1 chondrites [START_REF] Zolensky | CM chondrites exhibit the complete petrologic range from type 2 to 1[END_REF][START_REF] Vacher | Collisional and alteration history of the CM parent body[END_REF]. It has been proposed that mafic minerals mechanically isolated from CIs could correspond to chondrule fragments [START_REF] Mcsween | On the nature and origin of isolated olivine grains in carbonaceous chondrites[END_REF][START_REF] Richardson | Textural evidence bearing on the origin of isolated olivine crystals in C2 carbonaceous chondrites[END_REF][START_REF] Jones | On the relationship between isolated and chondrule olivine grains in the carbonaceous chondrite ALHA 77307[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF] or grains formed by condensation processes [START_REF] Steele | Compositions and textures of relic forsterite in carbonaceous and unequilibrated ordinary chondrites[END_REF][START_REF] Weinbruch | Oxygen isotopic composition of individual olivine grains from the Allende meteorite[END_REF]. A magmatic origin for the CI olivine grains is supported by the presence of glass inclusions (Fig. 1) and normal igneous zonings within isolated olivine grains [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF]. In addition, the covariation of CaO with olivine Fo content is similar to that observed within chondrules [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Villeneuve | Relationships between type I and type II chondrules: Implications on chondrule formation processes[END_REF]Marrocchi et al., 2019), suggesting that chondrules could represent a potential constituent of CI chondrites. However, the presence of chondrule-like olivine grains in CI chondrites does not imply that the mechanism(s) at the origin of chondrules operated in the CI-forming region as they could also have been inherited from other chondrule-forming regions. Interestingly, CI olivine grains show 17,18 O-rich isotopic compositions compared to other chondrites [START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF]Marrocchi et al., 2019), at the exception of CR, ordinary and enstatite chondrites that commonly show type I chondrules with  17 O  0 ‰ [START_REF] Schrader | The formation and alteration of the Renazzo-like carbonaceous chondrites II: Linking O-isotope composition and oxidation state of chondrule olivine[END_REF][START_REF] Tenner | Oxygen isotope ratios of FeO-poor chondrules in CR3 chondrites: Influence of dust enrichment and H 2 O during chondrule formation[END_REF][START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF]. However, μ 26 Mg*-μ 54 Cr systematics of CI and CR chondrites suggest they accreted in spatially isolated regions during the evolution of the protoplanetary disk (van Kooten et al., 2016). Furthermore, chondrule olivines are extremely rare in enstatite chondrite chondrules [START_REF] Piani | Magmatic sulfides in the porphyritic chondrules of EH enstatite chondrites[END_REF] and commonly show  17 O > 0 ‰ in ordinary chondrites [START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF], making their contribution to the CI budget unlikely.

CI olivine grains also show similarities with crystalline silicates from comet 81P/Wild 2 samples and interplanetary dust particles (IDPs) that show a large range of Fo contents (Fo 60-99 ; [START_REF] Zolensky | Compositional variations of olivines and pyroxenes in chondritic interplanetary dust particles[END_REF][START_REF] Zolensky | Mineralogy and Petrology of Comet 81P/Wild 2 Nucleus Samples[END_REF][START_REF] Nakamura | Chondrulelike Objects in Short-Period Comet 81P/Wild 2[END_REF][START_REF] Starkey | Insight into the silicate and organic reservoirs of the comet forming region[END_REF][START_REF] Frank | Olivine in terminal particles of Stardust aerogel tracks and analogous grains in chondrite matrix[END_REF]. In addition, the large majority of olivine grains recovered from comet 81P/Wild 2 aerogel tracks have 16 O-poor isotopic compositions with  17 O ≈ 0‰ (Fig. 5; [START_REF] Mckeegan | Isotopic Compositions of Cometary Matter Returned by Stardust[END_REF][START_REF] Nakamura | Chondrulelike Objects in Short-Period Comet 81P/Wild 2[END_REF][START_REF] Ogliore | Incorporation of a late-forming chondrule into comet wild 2[END_REF][START_REF] Defouilloy | Origin of crystalline silicates from Comet 81P/Wild 2: Combined study on their oxygen isotopes and mineral chemistry[END_REF], similar to the  17 O values of olivine grains isolated from Orgueil and Ivuna [START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF]this study). Although showing a large range of O isotopic compositions (i.e., -40‰ <  18 O < +200‰), IDP silicate minerals commonly cluster around the intersection of the PCM and TFL [START_REF] Aléon | Oxygen isotopic composition of chondritic interplanetary dust particles: A genetic link between carbonaceous chondrites and comets[END_REF][START_REF] Nakashima | High precision oxygen three-isotope analyses of anhydrous chondritic interplanetary dust particles[END_REF][START_REF] Starkey | Insight into the silicate and organic reservoirs of the comet forming region[END_REF][START_REF] Starkey | Isotopic diversity in interplanetary dust particles and preservation of extreme 16 O-depletion[END_REF]. Thus, the picture that emerges from petrographic and isotopic characterization of mafic minerals isolated from CI chondrites is that (i) chondrules could have represent a potential constituent of CIs before the onset of aqueous alteration and (ii) cometary materials could have sampled mafic minerals similar to those observed in CI chondrites.

Insights into the compositions of primordial dust and water of the Solar System

Our data represent the first reported SIMS measurements of carbonates in CI chondrites. Carbonates in both Orgueil and Ivuna plot on the TFL with mean  17 O values of 0.01 ± 0.18‰ and 0.39 ± 0.17‰, respectively (Fig. 3, Table 3). These results are similar, within errors, to those reported based on H 3 PO 4 acid treatments of the whole rocks [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF][START_REF] Leshin | Oxygen isotopic anatomy of Tagish Lake: Relationship to primary and secondary minerals in CI and CM chondrites[END_REF]. Similar to the olivine grains (see section 4.1), it is unlikely that calcite and dolomite grains correspond to terrestrial contamination as Mn-Cr studies revealed systematic 53 Cr excesses induced by the radioactive decay of 53 Mn [START_REF] Petitat | Duration and sequence of carbonate crystallization on the Orgueil protolith: 53 Mn-53 Cr systematics of their evolution in O and C isotopic composition[END_REF][START_REF] Petitat | 53Mn-53Cr ages of Kaidun carbonates[END_REF][START_REF] Fujiya | Mn-Cr ages of dolomites in CI chondrites and the Tagish Lake ungrouped carbonaceous chondrite[END_REF]. Our results thus suggest that all CI carbonates precipitated from a fluid with Earth-like O isotopic compositions (i.e.,  17 O ≈ 0‰; Fig. 3B).

In addition, CI chondrite matrices, which are largely dominated by phyllosilicates (i.e., 80-85%; [START_REF] King | Modal mineralogy of CI and CI-like chondrites by X-ray diffraction[END_REF], show  17 O = 0.34‰ [START_REF] Clayton | Oxygen isotope studies of carbonaceous chondrites[END_REF] that is similar within error to our results from CI Ca-carbonates (Table 2). This supports the formation of CI chondrite secondary phases from a fluid with Earth-like O isotope composition (i.e.,  17 O  0 ‰), as also inferred from pyrolysis [START_REF] Baker | The oxygen isotopic composition of water from Tagish Lake: Its relationship to low-temperature phases and to other carbonaceous chondrites[END_REF]. CI chondrites thus does not show significant 17,18 O enrichments that would have been expected if the CI parent body had formed in a region of the Solar System or the parent molecular cloud where self-shielding of UV light by 16 O-rich nebular CO would have produced 16 O-poor water [START_REF] Thiemens | The Mass-Independent Fractionation of Oxygen: A Novel Isotope Effect and Its Possible Cosmochemical Implications[END_REF][START_REF] Clayton | Solar System: Self-shielding in the solar nebula[END_REF][START_REF] Yurimoto | Molecular cloud origin for the oxygen isotope heterogeneity in the solar system[END_REF][START_REF] Desch | The Effect of Jupiter's Formation on the Distribution of Refractory Elements and Inclusions in Meteorites[END_REF].

Instead, CI water is characterized by Earth-like O isotopic compositions (Fig. 3). However, this may not represent the primordial isotopic composition of water ice grains in the CIaccreting region and does not necessarily exclude the self-shielding process. As CIs formed relatively late in the disk history (i.e., ~ 3 My after CAIs, Sugiura and Fujiya, 2014), water ice could have experienced thermal processing and O-isotope exchange with amorphous silicates and CO in the protoplanetary disk. For instance, recent experimental approach points out that amorphous silicate grains (i.e., the main constituent of primordial chondritic matrices; Le Guillou et al., 2015) would experience oxygen isotopic exchange with water vapor within the lifetime of the disk at temperatures above ~ 500-650 K (Yamamoto et al., 2019).

Alternatively, potentially 17,18 O-rich CI water could also have experienced isotopic exchange on the CI, 16 O-rich, parent body. This would shift the water O isotope composition toward Earth-like compositions as commonly observed for other chondrites (CR, CM, CV, CO; e.g. [START_REF] Horstmann | Tracking aqueous alteration of CM chondrites-Insight from in-situ oxygen isotope measurements of calcite[END_REF][START_REF] Fujiya | Comprehensive study of carbon and oxygen isotopic compositions, trace element abundances, and cathodoluminescence intensities of calcite in the Murchison CM chondrite[END_REF][START_REF] Vacher | Petrographic and C & O isotopic characteristics of the earliest stages of aqueous alteration of CM chondrites[END_REF][START_REF] Vacher | Collisional and alteration history of the CM parent body[END_REF][START_REF] Verdier-Paoletti | Testing the genetic relationship between fluid alteration and brecciation in CM chondrites[END_REF][START_REF] Verdier-Paoletti | Oxygen isotope constraints on the alteration temperatures of CM chondrites[END_REF], 2019;[START_REF] Jilly-Rehak | Low-temperature aqueous alteration on the CR chondrite parent body: implications from in situ oxygenisotope analyses[END_REF]Marrocchi et al., 2018b). This is supported by the heavy O isotope compositions of CI magnetite grains (i.e.,  17 O = 1.67‰, Fig. 3B; [START_REF] Clayton | Oxygen isotope studies of carbonaceous chondrites[END_REF] that are statistically different from those of other secondary phases. Such values cannot result from temperature-driven mass-dependent fractionations and thus suggest that initial CI water could have had a  17 O value slightly above 0‰. However, the isotopic exchange during the evolution of the CI parent body should have been limited due to the small Δ 17 O variations observed between CI magnetite and phyllosilicates + olivines (whose Δ 17 O is assumed to represent the O isotope composition of the CI anhydrous protolith). Taken together, this suggests that CI parent body accreted water ice grains with Earth-like composition (i.e., Δ 17 O ≈ 0). CI anhydrous silicates also show terrestrial values ( 17 O ≈ 0‰; Fig. 3), implying that the different constituents of CI chondrites all had Earth-like O isotopic compositions.

Although CI chondrites are slightly depleted in oxygen relative to the Sun's photosphere [START_REF] Lodders | Solar system abundances and condensation temperatures of the elements[END_REF], our data show that CIs are chemically solar but isotopically terrestrial for oxygen isotopes. Interestingly, this is not the case for non-traditional isotopic system (e.g., 50 Ti, 54 Cr; Dauphas 2017). However, our results provide a strong argument in favor of a scenario where the primordial dust of the Solar System would have been 16 O-poor (with  17 O ≈ 0) relative to the 16 O-rich nebular gas [START_REF] Krot | Oxygen isotopic composition of the sun and mean oxygen isotopic composition of the protosolar silicate dust: evidence from refractory inclusions[END_REF]. In this scenario, 16 O-rich and 16 Opoor reservoirs could have co-existed in the protoplanetary disk, with nebular regions characterized by enhanced dust/gas ratios being 16 O-poor relative to solar due to the overabundance of 16 O-poor solids. Our data thus suggest that primordial Solar System dust could correspond to CI-like material characterized by a 16 O-poor isotopic composition.

 17 O- 18 O of primordial CI matrix -Implications on chondrule-matrix complementary

Understanding the potential genetic link between chondrules and chondritic matrices is fundamental, as it would bring invaluable constraints on the origin of dust in the protoplanetary disk. Based on their elemental compositions [START_REF] Hezel | The chemical relationship between chondrules and matrix and the chondrule matrix complementarity[END_REF][START_REF] Palme | The origin of chondrules: Constraints from matrix composition and matrix-chondrule complementarity[END_REF][START_REF] Hezel | What we know about elemental bulk chondrule and matrix compositions: Presenting the Chondrite DB Database[END_REF][START_REF] Hezel | Composition of Chondrules and Matrix and Their Complementary Relationship in Chondrites[END_REF], it has been proposed that the chondrules and matrices of carbonaceous chondrites formed simultaneously from the same solar-like reservoir. These reservoirs would have had major element compositions (i.e., Mg, Si, and Fe) similar to CI chondrites, but with variable degrees of depletion in volatile elements depending on the chondrite group [START_REF] Hezel | The chemical relationship between chondrules and matrix and the chondrule matrix complementarity[END_REF][START_REF] Palme | The origin of chondrules: Constraints from matrix composition and matrix-chondrule complementarity[END_REF][START_REF] Hezel | Composition of Chondrules and Matrix and Their Complementary Relationship in Chondrites[END_REF]. Chondrulematrix complementarity has recently been supported by tungsten isotopic measurements of the matrix and chondrules in Allende [START_REF] Budde | Tungsten isotopic constraints on the age and origin of chondrules[END_REF]. However, the intrinsic nature, and indeed the existence, of the chondrule-matrix complementarity are hotly debated. Alternative models propose that bulk chondrite compositions are better reproduced by considering (i) a non-CI complementarity [START_REF] Bland | Volatile fractionation in the early solar system and chondrule/matrix complementarity[END_REF] or (ii) a unique CI-composition matrix added to various amounts of chondrules [START_REF] Anders | Origin, age, and composition of meteorites[END_REF][START_REF] Zanda | The Chondritic Assemblage. In Chondrules: Records of Protoplanetary Disk Processes Complementarity Is Not a Required Hypothesis[END_REF]. The latter model implies that chondrules and chondritic matrices are not genetically related, but formed in different reservoirs [START_REF] Zanda | The Chondritic Assemblage. In Chondrules: Records of Protoplanetary Disk Processes Complementarity Is Not a Required Hypothesis[END_REF]. This complementarity is not straightforward for oxygen isotopes as the chondrule oxygen isotopic compositions show large intra-and inter-chondrule variations [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF][START_REF] Marrocchi | A systematic for oxygen isotopic variation in meteoritic chondrules[END_REF][START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF] requiring at least three reservoirs [START_REF] Palme | The origin of chondrules: Constraints from matrix composition and matrix-chondrule complementarity[END_REF]. However, the matrices accreted by the different groups of carbonaceous chondrites experienced secondary alteration processes under varying conditions [START_REF] Brearley | The action of water[END_REF]Le Guillou et al., 2015;[START_REF] Vacher | Petrographic and C & O isotopic characteristics of the earliest stages of aqueous alteration of CM chondrites[END_REF][START_REF] Ganino | Reduced and unstratified crust in CV chondrite parent body[END_REF]Marrocchi et al., 2018b) that affected their O isotopic signatures and now preclude straightforward determination of their initial compositions. Thus, based on our data, we calculated the isotopic compositions of the different carbonaceous chondrite (hereafter, CC) matrices before the onset of alteration by considering the following. It has been shown that CM, CO, CR, and CV bulk O isotopic compositions have well-defined trends in a  17 O- 18 O diagram that correspond to variable extents of isotopic exchange between a 16 O-rich anhydrous protolith and 17,18 O-rich water [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF]Marrocchi et al., 2018b;[START_REF] Fujiya | Oxygen isotopic ratios of primordial water in carbonaceous chondrites[END_REF]. We calculated the coordinates of the intersections of these respective trends with the PCM, which correspond to the bulk anhydrous O isotopic compositions of the different CCs before overprinting by parent-body processes (see Fig. 6 for a schematic example, Table 4). Importantly, none of the CC groups investigated here has the same bulk anhydrous O isotopic composition as CIs (Fig. 7A,Table 4). By considering the modal abundances of Ca-Al-rich inclusions (CAIs), chondrules, and matrix in the different CCs [START_REF] Scott | Chondrites and Their Components[END_REF], we calculated the  17 O values of the respective pre-alteration matrices accreted by the different CCs, assuming that (i) CAIs have an average  17 O value of -25‰ [START_REF] Kawasaki | Chronological study of oxygen isotope composition for the solar protoplanetary disk recorded in a fluffy Type A CAI from Vigarano[END_REF][START_REF] Aléon | Closed system oxygen isotope redistribution in igneous CAIs upon spinel dissolution[END_REF], (ii) chondrules have variable  17 O values in the range of -6 to -2‰ [START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF], and (iii) CAIs, chondrules, and matrices have similar oxygen contents. This calculation reveals that the pristine O isotopic compositions of CC matrices differed significantly from that of CIs ( 17 O values of CM, CO, and CV matrices being -3.97 ± 1.19‰, -4.33 ± 1.45‰, and -7.95 ± 1.95‰, respectively), except for CR matrices, which had a  17 O value of -0.07 ± 1.16‰ (Fig. 7B, Table 4). This result confirms that the complementarity concept cannot be applied to oxygen, mainly because chondrules were formed through complex processes of precursor recycling and gas-melt interactions [START_REF] Tissandier | Gas-melt interactions and their bearing on chondrule formation[END_REF][START_REF] Hezel | Origin of SiO 2 -rich components in ordinary chondrites[END_REF][START_REF] Libourel | Role of gas-melt interaction during chondrule formation[END_REF][START_REF] Schrader | The formation and alteration of the Renazzo-like carbonaceous chondrites II: Linking O-isotope composition and oxidation state of chondrule olivine[END_REF][START_REF] Schrader | The retention of dust in protoplanetary disks: Evidence from agglomeratic olivine chondrules from the outer Solar System[END_REF][START_REF] Marrocchi | Sulfur and sulfides in chondrules[END_REF][START_REF] Marrocchi | A systematic for oxygen isotopic variation in meteoritic chondrules[END_REF][START_REF] Friend | The conditions of chondrule formation, Part II: Open system[END_REF][START_REF] Marrocchi | Early scattering of the solar protoplanetary disk recorded in meteoritic chondrules[END_REF][START_REF] Piani | Magmatic sulfides in the porphyritic chondrules of EH enstatite chondrites[END_REF]. Hence, in the framework of the complementarity model, the oxygen budget of carbonaceous chondrites can be written as:

O Bulk CC = O Chondrules + O Matrix (1) 
with

O Chondrules = O Precursors + O Gas (2) 
and

 17 O Matrix (CC) ≠  17 O Matrix (CI) (3) 
However, recent studies have demonstrated that partially molten chondrule precursors experienced protracted gas-melt interactions with gaseous SiO and Mg [START_REF] Libourel | Chondrules as direct thermochemical sensors of solar protoplanetary disk gas[END_REF]Marrocchi et al., 2018a;Marrocchi et al., 2019). In addition, mass balance calculations based on the abundance of sulfides in CV chondrules suggest that about half of their total Fe content originated from the gas phase [START_REF] Marrocchi | Sulfur and sulfides in chondrules[END_REF]. These constraints suggest that the Mg-Si-Fe budget was strongly affected by gas-melt interactions in the same way as oxygen:

(Mg, Si, Fe) Bulk CC = (Mg, Si, Fe) Chondrules + (Mg, Si, Fe) Matrix ( 4) with (Mg, Si, Fe) Chondrules = (Mg, Si, Fe) Precursors + (Mg, Si, Fe) Gas (5)

If chondrules and matrices formed complementarily from the same reservoir, this implies that (i) this reservoir must have been in a closed system with the gas itself, or (ii) the gas was of CI composition to satisfy the Mg-Si-Fe elemental mass balance. In the protoplanetary disk, the canonical dust to gas ratio is commonly taken as ~10 -2 [START_REF] Birnstiel | Gas-and dust evolution in protoplanetary disk[END_REF], meaning that the condensation of solids and their subsequent interactions with the gas should not have significantly affected the composition of the gas, which should have maintained, by definition, a solar composition. However, given that disk evolution and differential dynamical coupling with the gas motion depends on grain size, the dust/gas ratio was probably heterogeneous, with chondrules having potentially formed under a large range of dust enhancements [START_REF] Cuzzi | Toward planetesimals: Dense chondrule clumps in the protoplanetary nebula[END_REF][START_REF] Alexander | The Provenances of Asteroids, and Their Contributions to the Volatile Inventories of the Terrestrial Planets[END_REF][START_REF] Marrocchi | A systematic for oxygen isotopic variation in meteoritic chondrules[END_REF]. In such dusty regions, rapid heating and evaporation of the dust could have lead to environments where the gas had a predominantly CI-like composition.

It has recently been proposed that chondrules result from the recycling of previously condensed amoeboid olivine aggregates (AOAs; [START_REF] Jacquet | Chondrule heritage and thermal histories from trace element and oxygen isotope analyses of chondrules and amoeboid olivine aggregates[END_REF]Marrocchi et al., 2018a;Marrocchi et al., 2019). This implies that AOAs experienced rapid and efficient transport through regions of the protoplanetary disk where the gaseous reservoir was 17,18 Oenriched relative to their condensation zones (Marrocchi et al., 2019). This outward transport of AOAs could have been achieved through viscous spreading, as recently proposed for CAIs [START_REF] Nanne | Origin of the non-carbonaceouscarbonaceous meteorite dichotomy[END_REF]. However, maintaining a closed (chondrule + gas + matrix) system at the scale of the protoplanetary disk to satisfy the (O, Mg, Si, Fe) mass balance appears unrealistic and imposes important constraints on the complementarity model. Interestingly, large-scale isotopic heterogeneities within the disk, such as the non-carbonaceous-carbonaceous chondrite nucleosynthetic dichotomy [START_REF] Kruijer | Age of Jupiter inferred from the distinct genetics and formation times of meteorites[END_REF][START_REF] Gerber | Mixing and Transport of Dust in the Early Solar Nebula as Inferred from Titanium Isotope Variations among Chondrules[END_REF][START_REF] Nanne | Origin of the non-carbonaceouscarbonaceous meteorite dichotomy[END_REF], could reflect internal heterogeneities within the Solar System's parental molecular cloud itself, with different regions of the nascent disk receiving variable compositions of infalling material [START_REF] Nanne | Origin of the non-carbonaceouscarbonaceous meteorite dichotomy[END_REF]. This supports models where the O isotopic heterogeneity of the Solar System was partially established by self-shielding in the molecular cloud [START_REF] Yurimoto | Molecular cloud origin for the oxygen isotope heterogeneity in the solar system[END_REF]. Such complex gas-melt interactions during chondrule formation should be better accounted for to improve our understanding of the potential chondrule-matrix complementarity.

Conclusions

We have performed in-situ SIMS oxygen isotopic analyses of olivines and carbonates in the CI chondrites Orgueil and Ivuna. Our main results are:

1. All olivine grains but one show O isotopic compositions plotting at the intersection of the TFL and PCM.

2. Ca-carbonates describe a trend with  17  18 O + (0.9 ± 1.4) that differs from mass-independent variation observed in secondary phases of other carbonaceous chondrites.

From these data, we drew the following interpretations:

1. Olivine grains isolated from Orgueil could correspond to chondrule fragments.

2. The O isotopic compositions of CI anhydrous solids and water show Earth-like values, thus defining a fundamental characteristic of CIs that appear to be chemically solar but isotopically terrestrial for oxygen isotopes. 4. Anhydrous bulk O isotopic compositions of CCs are distinct from the anhydrous CI bulk composition. Likewise, the pre-alteration O isotopic composition of the CI matrix is different from those of CCs, except for CR chondrites. This highlights that matrix-chondrule complementarity does not apply to oxygen isotopes, possibly as the result of complex gasmelt interactions during chondrule formation within the protoplanetary disk.

5. Recent chondrule formation models have proposed that complex interactions between chondrule precursors and Mg-Si-Fe-rich gas are fundamental for establishing chondrule characteristics. If chondrules and matrix formed complementarily from the same reservoir, either the reservoir must have been in a closed system with the gas or the gas must have been of CI composition to satisfy Mg-Si-Fe elemental mass balance.

6. Chondrules experienced gas-melt interactions with a 17,18 O-rich gaseous reservoir that differs significantly from the 16 O-rich isotopic composition of chondrule precursors.

Assuming a spatial origin of these isotopic variations, rapid and efficient transport toward 17,18 O-enriched regions could have been achieved through viscous spreading, as recently proposed for CAIs. However, maintaining a closed (chondrule + gas + matrix) system at the scale of the protoplanetary disk to satisfy the (O, Mg, Si, Fe) mass balance puts important constraints on the complementarity model. Orgueil: except for magnetite grains and olivine grain O16-8, all data plot, within errors, on the TFL. Uncertainties shown are 2. Data from [START_REF] Clayton | The oxygen isotope record in Murchison and other carbonaceous chondrites[END_REF][START_REF] Rowe | Oxygen isotopes in separated components of CI and CM meteorites[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Clayton | Oxygen isotope studies of carbonaceous chondrites[END_REF]. [START_REF] Reid | Olivine and pyroxene in the Orgueil meteorite[END_REF][START_REF] Kerridge | Mafic silicates in the Orgueil carbonaceous meteorite[END_REF][START_REF] Steele | Minor elements in forsterites of Orgueil (C1), Alais (C1) and two interplanetary dust particles compared to C2-C3-UOC forsterites[END_REF][START_REF] Leshin | The oxygen isotopic composition of olivine and pyroxene from CI chondrites[END_REF][START_REF] Gac | Are CI Chondrites Cometary Samples? Olivine as a Diagnostic Tool[END_REF][START_REF] Frank | Olivine in terminal particles of Stardust aerogel tracks and analogous grains in chondrite matrix[END_REF]. Mg Fe Ca (Marrocchi et al., 2018b), the modal abundances of CAIs, chondrules, and matrix [START_REF] Scott | Chondrites and Their Components[END_REF], and the average O isotopic compositions of CAIs and chondrules for each type of carbonaceous chondrite [START_REF] Tenner | Oxygen Isotope Characteristics of Chondrules from Recent Studies by Secondary Ion Mass Spectrometry[END_REF].
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Table 2 .

 2 Chemical compositions of carbonate grains (calcite, dolomite, and ferromagnesite) mechanically isolated from Orgueil. The values of dolomite grains measured in the thick section of Ivuna are also reported (see text for details). Bdl = below detection limit.

	Ivuna	Dolomite	I-1	31.76 19.51 1.47 0.95 bdl	bdl	52.24 44.64 1.89 1.23	-	-	0.9
			I-2	25.86 18.29 1.93 4.55 0.16 1.05	44.84 44.12 2.61 6.24 0.49 1.70	1.0
			I-3	31.92 19.83 1.28 0.39 0.06 bdl	52.40 45.29 1.65 0.50 0.17 -	0.9
			I-4	30.23 20.45 2.17 1.63 0.07 bdl	48.92 46.05 2.75 2.09 0.19 -	0.9
			I-5	29.33 19.15 1.25 4.16 bdl	bdl	48.69 44.23 1.62 5.45	-	-	0.9
			I-6	28.54 20.32 2.06 1.16 0.07 0.11	47.92 47.47 2.70 1.54 0.21 0.17	1.0
			I-7	28.38 20.86 2.19 1.23 0.10 0.40	46.82 47.86 2.81 1.60 0.28 0.62	1.0
			I-8	25.02 21.83 1.49 3.68 0.08 0.26	41.80 50.75 1.95 4.86 0.24 0.41	1.2
			I-9	30.00 18.77 1.98 2.85 bdl	bdl	50.07 43.59 2.58 3.76	-	-	0.9
			I-10	26.42 17.67 2.69 2.42 0.11 1.05	47.02 43.75 3.74 3.41 0.34 1.75	0.9
			I-11	28.31 19.18 2.09 2.11 bdl 0.29	48.33 45.57 2.79 2.85	-0.46	0.9
			I-12	27.71 18.46 1.51 4.62 bdl 0.05	47.55 44.07 2.02 6.27	-0.09	0.9
			I-13	28.29 19.98 2.11 1.08 0.06 0.16	48.07 47.25 2.80 1.46 0.17 0.26	1.0
			I-14	29.75 20.75 2.20 1.11 bdl 0.06	48.56 47.12 2.80 1.43	-0.09	1.0
			I-15	13.84 23.05 2.56 3.44 0.12 1.28	26.60 61.64 3.83 5.23 0.40 2.29	2.3
			I-16	27.74 18.78 1.54 4.30 bdl	bdl	47.44 44.69 2.05 5.81	-	-	0.9

Table 4 .

 4 Calculated primordial (pre-alteration) bulk and matrix oxygen isotopic compositions for different carbonaceous chondrites. Primordial compositions were calculated from the bulk O isotopic trends
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