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Introduction

Crater density-based age models are key for remotely estimating absolute and relative ages of unsampled geological units on the Moon and other planetary bodies in the solar system (e.g., [START_REF] Marchi | A new chronology for the Moon and Mercury[END_REF][START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Williams | Dating very young planetary surfaces from crater statistics: A review of issues and challenges[END_REF]. If a geological unit has a higher number of impact craters of a given diameter per unit area, then it is older because crater accumulation is temporally cumulative. The calibration for this method, which allows converting crater densities (i.e., crater sizefrequency distributions [CSFDs]) to absolute model ages, is based on returned Apollo and Luna samples that can be linked to a geological unit (e.g., a lava flow) or an impact basin/crater for which absolute radiometric or cosmic ray exposure (CRE) ages have been determined (Figure 1; e.g., [START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Iqbal | Geological mapping and chronology of lunar landing sites : Apollo 11[END_REF][START_REF] Neukum | Meteoritenbombardement und Datierung planetarer Oberflächen[END_REF][START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Robbins | New crater calibrations for the lunar crater-age chronology[END_REF]. For the last 1 Ga, the lunar cratering chronology function is constrained by the crater densities on the ejecta blankets surrounding Copernicus, Tycho, North Ray, and Cone craters. These four craters are, therefore, crucial calibration points for anchoring the lunar cratering chronology and for extrapolating the lunar impact rate to other planetary bodies in the solar system (including Earth) over the last billion years (e.g., [START_REF] Robbins | New crater calibrations for the lunar crater-age chronology[END_REF]. [START_REF] Neukum | Meteoritenbombardement und Datierung planetarer Oberflächen[END_REF][START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Iqbal | Geological mapping and chronology of lunar landing sites : Apollo 11[END_REF]. Cumulative number of craters ≥1 km in diameter per km 2 as a function of the age of dated lunar surfaces. Cone Crater and North Ray Crater at the Apollo 14 and 16 landing sites, respectively, are anchor points of the lunar cratering chronology function at <100 Ma. Their crater densities were determined by crater counting on several homogeneous areas on the surrounding ejecta blankets (e.g., [START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Robbins | New crater calibrations for the lunar crater-age chronology[END_REF], whereas their absolute formation ages were derived from noble gas exposure ages of excavated rocks and soils (e.g., Arvidson et al., 1975 and references therein). The N cum (D ≥ 1 km) value for Copernicus from [START_REF] Hiesinger | How old are young lunar craters?[END_REF], derived from crater counts on the ejecta blanket, impact melt pools, and the crater floor, fits the chronology curve, whereas the value from [START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF] lies above the curve.

Cone Crater and North Ray Crater control the lunar cratering chronology function at <100 Ma (Figure 1; [START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Iqbal | Geological mapping and chronology of lunar landing sites : Apollo 11[END_REF][START_REF] Neukum | Meteoritenbombardement und Datierung planetarer Oberflächen[END_REF][START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF]. The formation ages of these craters were derived by determining the duration of exposure to cosmic rays of excavated rocks and soils. Ejecta from Cone Crater were collected during the Apollo 14 mission [START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF]. Although samples from the Apollo 14 site record a large range of exposure ages (i.e., between ≤20 and 661 Ma;Arvidson et al., 1975, and references therein;[START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF][START_REF] Stadermann | The case for a younger Imbrium basin: New 40 Ar-39 Ar ages of Apollo 14 rocks[END_REF], several independent noble gas studies of crater rim deposits sampled at four stations yield values between ~20 and 30 Ma [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF][START_REF] Bogard | Noble gas studies of regolith materials from Apollo 14 and 15[END_REF][START_REF] Crozaz | Uranium and extinct Pu 244 effects in Apollo 14 materials[END_REF][START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF][START_REF] Husain | The ages of lunar material from Fra Mauro, Hadley Rille, and Spur Crater[END_REF][START_REF] Lugmair | Exposue ages and neutron capture record in lunar samples from Fra Mauro[END_REF][START_REF] Stadermann | The case for a younger Imbrium basin: New 40 Ar-39 Ar ages of Apollo 14 rocks[END_REF][START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF][START_REF] York | 40 Ar-39 Ar ages of Apollo 14 and 15 samples[END_REF]. The CRE age cluster of 26 ± 2 Ma has, therefore, been assumed to reflect the formation age of Cone Crater [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF]. In contrast, [START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] obtained an older model age of 39 ± 3 Ma for Cone Crater on the basis of new CSFD measurements (using images from the Lunar Reconnaissance Orbiter Narrow Angle Cameras).

North Ray Crater was explored by the Apollo 16 astronauts, and CRE ages of rocks collected at two stations were determined by noble gas analyses; 38 Ar exposure ages cluster around ~30 Ma [START_REF] Husain | 40 Ar-39 Ar crystallization ages and 38 Ar-37 Ar cosmic ray exposure ages of samples from the vicinity of the Apollo 16 landing site[END_REF][START_REF] Kirsten | 39 Ar-40 Ar dating and rare gas analysis of Apollo 16 rocks and soils[END_REF], whereas the 81 Kr-Kr method yields a mean value of 50.0 ± 1.4 Ma [START_REF] Behrmann | Cosmic-ray exposure history of North Ray and South Ray material[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF][START_REF] Marti | Krypton and xenon in some lunar samples and the age of North Ray Crater[END_REF]. More recently, [START_REF] Fernandes | The bombardment history of the Moon as recored by 40 Ar-39 Ar chronology[END_REF] also obtained CRE ages of ~50 Ma from argon analyses of several soil fragments collected in the vicinity of the crater rim. Since the latter values agree with the most recent absolute model age of 50.8 ± 2.5 Ma [START_REF] Gebbing | New geologic map of the Apollo 16 landing site: Implications for crater size-frequences of the lunar chronology[END_REF], they may reflect the timing of the impact that formed North Ray Crater [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF][START_REF] Stöffler | Cratering history and lunar chronology[END_REF].

The CRE age (i.e., the total duration of irradiation by cosmic rays at the Moon's surface) of material that was exposed or ejected by the Cone and North Ray impact events can be estimated by comparing the accumulated abundances of 'cosmogenic' (or 'spallogenic') noble gas nuclides ( 3 He cosm , 21 Ne cosm , 38 Ar cosm ) -produced by exposure to galactic (GCRs) and solar cosmic rays (SCRs) -with published noble gas production rates in atoms gram -1 year -1 or an equivalent unit. In this case, it is assumed that prior to the formation of the craters, the material was fully shielded from cosmic rays.

However, the absolute amount of cosmogenic nuclides in a given sample also depends on the sample orientation and shielding depth during the entire exposure history at the Moon's (near-) surface and on the concentration of various target elements [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF][START_REF] Curran | A database of noble gases in lunar samples in preparation for mass spectrometry on the Moon[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF][START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF]. Target chemistry can be precisely measured in homogeneous samples, but accurate production rates require knowledge of the exposure conditions as well [START_REF] Füri | Cosmic ray effects on the isotope composition of hydrogen and noble gases in lunar samples: Insights from Apollo 12018[END_REF].

Since it is often impossible to reconstruct this with certainty, average empirically-derived production rates have often been used (e.g., [START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF]. In contrast, [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] proposed a numerical model for the depth-and chemistry-dependent production of cosmogenic nuclides in 2π exposure geometries. Given that their model accurately describes radionuclide results, the production rates from [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] are expected to improve the accuracy of exposure ages derived from the accumulated nuclide method, and they may yield CRE ages that more accurately reflect the timing of the Cone and North Ray impact events. Nonetheless, it should be emphasized that partial loss of in situ produced noble gas nuclides has previously been observed in lunar samples (e.g., [START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF].

Plagioclase, in particular, may not quantitatively retain neon (and helium) in all cases [START_REF] Gourbet | Neon diffusion kinetics in olivine, pyroxene and feldspar: Retentivity of cosmogenic and nucleogenic neon[END_REF][START_REF] Signer | Helium, neon, and argon records of lunar soil evolution[END_REF], although it seems suitable for determining 38 Ar exposure ages [START_REF] Turner | Ar 40 -Ar 39 systematics in rocks and separated minerals from Apollo 14[END_REF]. As a consequence, most CRE ages of lunar samples should be regarded as minimum exposure durations (e.g., [START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF].

In this study, we determined the CRE ages of eight Apollo 14 and 16 samples based on noble gas (He-Ne-Ar) analyses by single-step heating and static mass spectrometry to re-assess the formation ages of Cone Crater and North Ray Crater, and, ultimately, to improve our understanding of the most recent (≤100 Ma) impact rate at the lunar surface. Although He-Ne-Ar results can be obtained for very small (≤25 µg) lunar samples by CO2 laser extraction (e.g., [START_REF] Füri | Apollo 15 green glass He-Ne-Ar signatures -In search for indigenous lunar noble gases[END_REF], we targeted here relatively large (~50 mg) fragments of well-characterized micro-crystalline rocks. This allowed us to i) improve the analytical precision for noble gas analyses of samples with short exposure ages, and ii) counter or minimize the effects of small-scale chemical/mineralogical heterogeneities. Despite these precautions, comparison of the measured abundances of cosmogenic noble gas nuclides ( 3 He cosm , 21 Ne cosm , 38 Ar cosm ) with published production rates reveals that noble gas exposure ages of samples from Cone and North Ray craters have larger uncertainties than previously acknowledged.

Samples and analytical techniques

Apollo 14 (Cone Crater) and Apollo 16 (North Ray Crater) Samples

Six Apollo 14 rocks (i.e., one breccia and five basalts) and two Apollo 16 anorthosites were targeted for this study (Table A1 in Appendix A). Noble gas exposure ages were previously determined for six of these samples, but measured concentrations of 3 He, 21 Ne, and/or 38 Ar (and associated uncertainties) were not reported in all studies.

The Al-rich mare basalt 14053 was collected from the side of a large boulder at station C2, 130 m south of the rim of Cone Crater, within the continuous ejecta blanket of the crater [START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF]. The rock has a relatively fresh surface, although one side is pitted by micro-craters (see Meyer, 2009, and references therein). Published CRE ages vary between 14 and 26 Ma based on concentrations of cosmogenic 3 He, 21 Ne, 38 Ar, and 126 Xe [START_REF] Burnett | The irradiation history of lunar samples[END_REF][START_REF] Curran | A database of noble gases in lunar samples in preparation for mass spectrometry on the Moon[END_REF][START_REF] Husain | The ages of lunar material from Fra Mauro, Hadley Rille, and Spur Crater[END_REF][START_REF] Stadermann | The case for a younger Imbrium basin: New 40 Ar-39 Ar ages of Apollo 14 rocks[END_REF][START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF]. A similar 81 Kr-Kr exposure age of 21.2 ± 5.0 Ma was obtained by [START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF].

The walnut-sized sample 14068 is referenced as a micro-crystalline breccia in the Lunar Sample Compendium. [START_REF] Helz | Rock 14068: An unusual lunar breccia[END_REF] argued that the rock's texture is consistent with that of an impact melt, and that it was not affected by brecciation or thermal metamorphism after solidification. The rock was collected at station C', 100 m southeast of the Cone Crater rim [START_REF] Helz | Rock 14068: An unusual lunar breccia[END_REF][START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF]. [START_REF] Bogard | Noble gas studies of regolith materials from Apollo 14 and 15[END_REF] Mare basalt 14072, which measures roughly 5 cm in diameter, was also picked up at station C' [START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF] and records a 38 Ar exposure age of 19 to 22 Ma [START_REF] York | 40 Ar-39 Ar ages of Apollo 14 and 15 samples[END_REF]. Its texture and mineralogy are similar to that of 14053 [START_REF] El Goresy | Fra Mauro crystalline rocks: Mineralogy, geochemistry, and subsolidus reduction of the opaque minerals[END_REF].

Samples 14073, 14077, and 14078 were collected from the bottom of a trench at station G, ~1 km away from Cone crater and close to 'North Triplet Crater' [START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF]. CRE ages of KREEP basalts 14077 and 14078 have not been determined. However, these rocks are similar in composition to KREEP basalt 14073, which records a long 38 Ar exposure age of ~110 to 113 Ma [START_REF] Burnett | The irradiation history of lunar samples[END_REF][START_REF] Turner | Ar 40 -Ar 39 systematics in rocks and separated minerals from Apollo 14[END_REF]. Other samples (14074 and 14079) from the bottom of this trench also record long exposure durations of 97 to 107 Ma [START_REF] Stadermann | The case for a younger Imbrium basin: New 40 Ar-39 Ar ages of Apollo 14 rocks[END_REF]; hence, the trench samples are likely not related to the Cone Crater impact.

The pebble-sized, "chalky" ferroan anorthosite 67075 was recovered from the southeast rim of North Ray Crater [START_REF] Ryder | Catalog of Apollo 16 rocks[END_REF][START_REF] Sutton | Documentation of Apollo 16 samples[END_REF]. The sample is highly friable and broke up into many small fragments and powder after collection. [START_REF] Marti | Krypton and xenon in some lunar samples and the age of North Ray Crater[END_REF] reported a 81 Kr exposure age of 48.5 ± 5.5 Ma for this sample, consistent with the 38 Ar exposure age of 46 Ma from [START_REF] Turner | Argon selenochronology[END_REF]. [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] obtained similar CRE ages of 49 to 50.2 Ma from 38 Ar and 81 Kr analyses.

The noritic anorthosite 67955 was chipped from a large white clast in the so-called Outhouse rock on the east rim of North Ray Crater [START_REF] Ryder | Catalog of Apollo 16 rocks[END_REF][START_REF] Sutton | Documentation of Apollo 16 samples[END_REF]. [START_REF] Norman | Early impacts on the Moon: Crystallization ages of Apollo 16 melt breccias[END_REF] argued that the texture and bulk composition of 67955 is consistent with that of a slowlycooled impact melt rock; it formed at 4.2 Ga and was brecciated and veined in a later event. CRE ages of 17.9 ± 4.2, 32.0 ± 12.0, and 50.1 ± 1.6 Ma were derived from 21 Ne, 38 Ar, and 81 Kr measurements, respectively [START_REF] Curran | A database of noble gases in lunar samples in preparation for mass spectrometry on the Moon[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF]. [START_REF] Pepin | Rare gases and trace elements in Apollo 15 drill core fines: Depositional chronologies and K-Ar ages, and production rates for spallationproduced 3 He, 21 Ne, and 38 Ar versus depth[END_REF] reported re-calculated 21 Ne and 38 Ar exposure ages of 45.2 ± 7.6 and 55.0 ± 7.1 Ma, respectively.

Noble Gas (He, Ne, Ar) Analysis

Helium, neon, and argon were extracted from bulk rock fragments by single-step heating using a filament furnace [START_REF] Bekaert | Archean kerogen as a new tracer of atmospheric evolution: Implications for dating the widespread nature of early life[END_REF][START_REF] Burgess | Volatile composition of microinclusions in diamonds from the Panda kimberlite, Canada: Implications for chemical and isotopic heterogeneity in the mantle[END_REF] and analyzed using the Noblesse HR (Nu Instruments) noble gas mass spectrometer at CRPG's noble gas facility. For each sample, two separate fragments, between 42.453 and 61.891 mg in mass (Table A1 in Appendix A), were analyzed.

The furnace consists of three alumina-coated tungsten evaporation baskets (Ted Pella Inc.), each manually welded onto a pair of nickel rods that are mounted on an eight-pin electrical feedthrough ConFlat flange (Figure 2). The relationship between the power input and the heating temperature was calibrated by using pure metals with known melting points (tin: 230 ºC, aluminum: 660 ºC, copper: 1085 ºC, nickel: 1455 ºC). For each new batch of samples, three new baskets were installed and degassed three times for 10 min at ~1600 ºC under ultra-high vacuum to remove any adsorbed and absorbed atmospheric noble gases. The furnace was then opened to simulate the loading of new samples, and it was subsequently baked out at ~110 ºC overnight. Blank measurements were performed for each basket at a temperature of ~1500 ºC. Up to three samples were then loaded into the furnace (Figure 2a). After sample introduction, the furnace was again baked at ~110 ºC overnight under ultra-high vaccum. Each sample was heated to ~1500 ºC for 6 min, and visual observation through the window at the top of the furnace ensured that complete melting was achieved (Figure 2b).

All rock fragments were re-heated in a second step to ensure complete gas extraction. (After the analyses, visual inspection of the baskets under a binocular microscope confirmed that all samples had been melted and quenched into a glass upon cooling; Figure 2c). Whereas the total amounts of helium, neon, and argon were extracted from most samples during the first heating step, two fragments (14053,317 and 14073,77) released a significant fraction (i.e., 6-18%) of their total neon and argon content upon re-melting (Table A1 in Appendix A). The extracted gases were purified using two hot (600 ºC) Ti sponge getters and two cold (room temperature) SAES™ Ti-Al getters (Zimmermann et al., 2015). Argon was separated from helium and neon by adsorption onto a charcoal finger at -196 ºC. The 40 Ar ++ signal was monitored during each cycle; however, given that the 40 Ar ++ peak is partially resolved from that of 20 Ne + , no correction was applied to the 20 Ne signal. The 44 CO 2 + signal was also measured during each cycle (on IC0), and the 22 Ne + signal was corrected using a 44 CO 2 ++ / 44 CO 2 + ionization ratio of 1.3%; notably, the contribution of 44 CO 2 ++ to the 22 Ne + signal amounted to only ~1 cps, and was therefore negligible. The 21 Ne + signal was measured at the peak center; no hydride ( 20 NeH + ) correction was performed because the getter allowed maintaining a low hydrogen background. After releasing argon from the charcoal finger, the three argon isotopes were analyzed in multi-collection mode ( 40 Ar on F0, 38 Ar on IC2, 36 Ar on IC3) for 15 cycles.

Air aliquots were used to determine the analytical sensitivity and reproducibility for neon and argon, whereas standard HESJ (He Standard of Japan) of [START_REF] Matsuda | The 3 He/ 4 He ratio of the new internal He Standard of Japan (HESJ)[END_REF] with a 3 He/ 4 He ratio of 20.63 ± 0.10 R A (where R A is the atmospheric 3 He/ 4 He ratio) was used as a helium standard (Zimmermann and Füri, 2015). The reproducibility (2σ s.d.) of standard measurements was 3.2% for 3 He, 3.6% for 21 Ne, and 1.0% for 38 Ar abundances, whereas the reproducibility of the isotope ratios 20 Ne/ 22 Ne, 21 Ne/ 22 Ne, and 38 Ar/ 36 Ar was 0.24%, 2.4%, and 0.28%. Reported uncertainties for sample isotopic ratios take into account the standard reproducibility (in addition to the analytical precision), even though samples and standards have markedly different isotope ratios for helium, neon, and argon.

Consequently, this approach results in overestimated uncertainties for the reported 21 Ne/ 22 Ne ratios because the 21 Ne count rates of standard measurements are significantly lower than those of the samples; the conclusions of this study, however, are independent of these uncertainties (see section 4.1.). Procedural blanks averaged 3.5 × 10 -16 mol 20 Ne and 4.2 × 10 -15 mol 36 Ar. Helium blanks were below the detection limit. Blank-corrected He-Ne-Ar abundances and isotope ratios for the Apollo 14 and 16 samples are given in Table A1 in Appendix A. Heating steps for which the blank contribution to the measured neon and argon abundances represents ≥35 % are not reported.

Results

For the majority of the Apollo 14 and Apollo 16 rock fragments analyzed here, measured 20 Ne/ 22 Ne, 21 Ne/ 22 Ne, and 36 Ar/ 38 Ar ratios are close to the theoretical endmembers for spallation reactions triggered by GCRs ( 21 Ne/ 22 Ne cosm ≈ 0.9 and 36 Ar/ 38 Ar cosm ≈ 0.65; e.g., [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF][START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF][START_REF] Wieler | Cosmic-ray-produced noble gases in meteorites[END_REF] (Figure 3 and Table A1 in Appendix A). This indicates that neon and argon are almost purely cosmogenic (with the addition of radiogenic 40 Ar produced by the decay of 40 K). Therefore, in most cases, measured concentrations directly reflect the abundances of cosmogenic 20,21,22 Ne and 36,38 Ar accumulated during exposure to galactic cosmic rays at the lunar surface. Only six samples contain detectable amounts of noble gases implanted by the solar wind (SW), as indicated by 20 Ne/ 22 Ne ratios between 1.353 ± 0.005 and 6.648 ± 0.023 (Figure 3 and Table A1 in Appendix A). Given that SW-derived noble gas ions are implanted into the top few tens of nanometers only when rocks are exposed at the lunar surface (e.g., [START_REF] Hashizume | Solar wind record on the Moon: deciphering presolar from planetary nitrogen[END_REF], this either implies that these six fragments were extracted from the outermost rim of the original sample, or that they were contaminated by SW-loaded dust during cutting [START_REF] Füri | Indigenous nitrogen in the Moon: Constraints from coupled nitrogen-noble gas analyses of mare basalts[END_REF][START_REF] Füri | The production rate of cosmogenic deuterium at the Moon's surface[END_REF][START_REF] Füri | Cosmic ray effects on the isotope composition of hydrogen and noble gases in lunar samples: Insights from Apollo 12018[END_REF]. It is noteworthy that all four anorthosite fragments contain SW-derived neon; since both anorthosites are very friable [START_REF] Ryder | Catalog of Apollo 16 rocks[END_REF], extracted fragments may be more easily contaminated by SWloaded powder than the basalts. In a three-isotope plot of neon, the isotope compositions of these samples fall onto a mixing line between implantation-fractionated SW-derived neon (see [START_REF] Wieler | Consequences of the non-existence of the "SEP" component for noble gas geo-and cosmochemistry[END_REF] for details on this component) and the cosmogenic endmember (Figure 3). Thus, their cosmogenic 21 Ne and 38 Ar content can be derived numerically, based on the isotope composition of the two endmembers (see [START_REF] Füri | New evidence for chondritic lunar water from combined D/H and noble gas analyses of single Apollo 17 volcanic glasses[END_REF][START_REF] Füri | Apollo 15 green glass He-Ne-Ar signatures -In search for indigenous lunar noble gases[END_REF] for details on the component deconvolution). For all samples, the total amount of 3 He is assumed to be of cosmogenic origin. 

Discussion

Cosmic Ray Exposure (CRE) Ages

Abundances and isotope ratios of noble gases (He, Ne, Ar) in lunar samples can be determined accurately and precisely by static mass spectrometry, even for very small (≤25 µg) sample masses [START_REF] Füri | Apollo 15 green glass He-Ne-Ar signatures -In search for indigenous lunar noble gases[END_REF]. For the rock fragments analyzed here, the analytical uncertainty of 3 He, 21 Ne, and 38 Ar concentration measurements is primarily controlled by the reproducibility of repeat standard analyses, with the caveat that these isotopes are the least abundant ones in the standard gases typically used in noble gas laboratories (i.e., artificial He mixture or air; section 2.2.). Nonetheless, the analytical uncertainty is negligible compared to the uncertainty of other key parameters that are used to calculate noble gas exposure ages.

The accumulated abundances of cosmogenic noble gas nuclides ( 3 He cosm , 21 Ne cosm , 38 Ar cosm ) in lunar samples depend on the total duration of exposure to solar and galactic cosmic rays (and the energy spectrum and flux intensity thereof: e.g., [START_REF] Reedy | Interaction of solar and galactic cosmic-ray particles with the Moon[END_REF] as well as on the noble gas production rates, which themselves are controlled by the chemical composition and the shielding conditions. A constant cosmic ray flux is commonly assumed when calculating CRE ages; this assumption is likely valid over the timescales of interest here [START_REF] Crawford | The lunar surface as a recorder of astrophysical processes[END_REF][START_REF] Smith | The constancy of galactic cosmic rays as recorded by cosmogenic nuclides in iron meteorites[END_REF] especially for medium-to coarse-grained lunar samples [START_REF] Füri | Cosmic ray effects on the isotope composition of hydrogen and noble gases in lunar samples: Insights from Apollo 12018[END_REF]. Notably, since we targeted relatively large (~50 mg) fragments of micro-crystalline rocks for this study, the effects of small-scale chemical/mineralogical heterogeneities on the production of cosmogenic noble gas nuclides is minimized. Furthermore, a contribution from SCR-induced spallation reactions in this sample suite can be excluded because the 21 Ne/ 22 Ne ratio of SCR neon is significantly lower than that of GCR neon [START_REF] Rao | Determination of the flux and energy distribution of energetic solar protons in the past 2 Myr using lunar rock 68815[END_REF][START_REF] Rao | Solar-flare-implanted 4 He/ 3 He and solar-protonproduced Ne and Ar concentration profiles preserved in lunar rock 61016[END_REF][START_REF] Trappitsch | Depth-dependent solar cosmic ray induced cosmogenic production rates[END_REF]. Other variations of the shielding conditions (e.g., irradiation depth, sample orientation, intermittent burial) cannot be assessed based on He-Ne-Ar measurements. The most prominent issue of this method, however, is that published production rates are highly variable, even when variations in chemistry and shielding are taken into account (Table 1). 3.10 ± 0.13 1.14 ± 0.04 1.30 ± 0.02 * Production rates for 14077 were calculated by assuming that this KREEP basalt has the same major element composition as 14078 (see section 2.1.). B71: Production rates of cosmogenic 3 He, 21 Ne, and 38 Ar from [START_REF] Bogard | Noble gas abundances in lunar material -Cosmic-ray spallation products and radiation ages from the Sea of Tranquility and the Ocean of Storms[END_REF]. R81: Average production rate of cosmogenic 3 He from [START_REF] Reedy | Cosmic-ray produced stable nuclides: various production rates and their implications[END_REF] for the top 20 g/cm 2 . H78: Average production rates of cosmogenic 21 Ne and 38 Ar from [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] for the top 20 g/cm 2 . L01: Average production rate of cosmogenic 21 Ne from [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] for the top 20 g/cm 2 . T71: Production rate of cosmogenic 38 Ar from [START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF].

The empirical and modeled 3 He production rates (P 3 ) from [START_REF] Bogard | Noble gas abundances in lunar material -Cosmic-ray spallation products and radiation ages from the Sea of Tranquility and the Ocean of Storms[END_REF] and [START_REF] Reedy | Cosmic-ray produced stable nuclides: various production rates and their implications[END_REF], respectively, differ by only ~15 to 20% for the breccia, basalts, and anorthosites studied here (Table 1). Nonetheless, given that the samples have likely experienced some degree of 3 He loss (Figure 4a), the 3 He exposure ages are lower and, therefore, less accurate than the CRE ages derived from the 21 Ne and 38 Ar abundances (Figure 5). When P 3 is excluded, it then becomes apparent that production rate estimates for 21 Ne (P 21 ) and 38 Ar (P 38 ) vary widely (Table 1), and, as a consequence, 21 Ne and 38 Ar exposure ages of a given sample cover a significant range of values (Figure 5).

Although the numerical models of both [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] and [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] permit shielding-and chemistry-dependent production rates of 21 Ne and 38 Ar in 2π exposure geometries to be calculated (with an uncertainty of ~10-15%; [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF], the low production rates from [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] result in particularly long CRE ages. These values are also significantly higher than those calculated using empirical production rates [START_REF] Bogard | Noble gas abundances in lunar material -Cosmic-ray spallation products and radiation ages from the Sea of Tranquility and the Ocean of Storms[END_REF][START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF].

Since [START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] argued that their model accurately reproduces radionuclide results, the model from [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] presumably results in overestimated CRE ages. Despite these uncertainties, Figure 5 illustrates that the Apollo 14 rocks (i.e., one breccia and five basalts) and Apollo 16 anorthosites studied here can be divided into three distinct groups based on their relative 21 Ne and 38 Ar exposure ages and their sampling locations. It is evident that the mare basalts 14053 and 14072 as well as the breccia 14068 -collected near the rim of Cone Crater -have been exposed to cosmic rays at the lunar surface for a relatively short time interval (i.e., <21 ± 3 Ma, when the low 21 Ne and 38 Ar production rates from [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] are excluded). The longest CRE ages found here are consistent with the exposure age of 21.2 ± 5.0 Ma obtained for 14053 by [START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF] with the 81 Kr-Kr technique; this method is commonly assumed to be less dependent on chemistry and shielding. These values also roughly agree with, yet are slightly lower than, the mean value of 26 ± 2 Ma proposed for the formation age of Cone Crater based on 81 Kr-Kr analyses of four other samples (Arvidson et al., 1975, and references therein). In contrast, the KREEP basalts 14073, 14077, and 14078, which were collected ~1 km away from Cone Crater [START_REF] Sutton | Geology of the Apollo 14 landing site[END_REF], record significantly longer CRE ages, indicating that these trench samples are not related to the Cone Crater event and were likely excavated by two different previous impacts.

Ferroan anorthosite 67075 and noritic anorthosite 67955 predominantly consist of calcic plagioclase (An 92-97 ) (see [START_REF] Meyer | Lunar Sample Compendium[END_REF], and references therein;

https://curator.jsc.nasa.gov/lunar/lsc/index.cfm), which, depending on the temperature conditions and grain size, may not quantitatively retain neon [START_REF] Gourbet | Neon diffusion kinetics in olivine, pyroxene and feldspar: Retentivity of cosmogenic and nucleogenic neon[END_REF][START_REF] Signer | Helium, neon, and argon records of lunar soil evolution[END_REF][START_REF] Turner | Ar 40 -Ar 39 systematics in rocks and separated minerals from Apollo 14[END_REF]. In addition, previous studies reported a low MgO content of 2-3 wt.%, on average, for sample 67075 (whereas all other samples studied here contain 7.4 to 17.6 wt.% MgO). Since Mg is the main target for the production of cosmogenic 21 Ne in lunar samples, the 21 Ne cosm concentration in 67075 is particularly low (Figure 4b). Due to these limitations, the neon exposure ages of the two anorthosites cannot reliably be determined. In contrast, the amount of 38 Ar cosm measured in 67075 requires an exposure duration of 21 to 44 Ma (± 10-15%); this CRE age range agrees with the 38 Ar exposure ages of 16 to 43 Ma (± 10-15%) of noritic anorthosite 67955. When the low production rates of [START_REF] Hohenberg | Comparison between observed and predicted cosmogenic noble gases in lunar samples[END_REF] are excluded, we obtain CRE ages of 16 to 25 Ma (± 10-15%). These values, which presumably reflect the formation age of North Ray Crater, largely overlap with those found for the Apollo 14 samples from Cone Crater. However, a given P 38 value (from either [START_REF] Bogard | Noble gas abundances in lunar material -Cosmic-ray spallation products and radiation ages from the Sea of Tranquility and the Ocean of Storms[END_REF] or [START_REF] Turner | 40 Ar-39 Ar ages and cosmic ray exposure ages of Apollo 14 samples[END_REF]; Table 1) yields longer CRE ages for anorthosites 67075 and 67955 than for mare basalts 14053 and 14072 and the breccia 14068. It should be noted that [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF] argued that the 38 Ar exposure ages of the Apollo 16 anorthosites are unreliable (due to 'erroneous production rates of samples taken from large boulders'), and only the 81 Kr-Kr exposure ages of ~50 Ma [START_REF] Behrmann | Cosmic-ray exposure history of North Ray and South Ray material[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF][START_REF] Marti | Krypton and xenon in some lunar samples and the age of North Ray Crater[END_REF] should be considered to record the timing of the North Ray impact. The key question is then whether the Kr production rate(s) that were used to calculate these CRE ages are accurate, especially when considering that [START_REF] Regnier | Predicted versus observed cosmic-ray-produced noble gases in lunar samples: Improved Kr production ratios[END_REF] later acknowledged that 'there is room for improvement' for theoretical models of the production of cosmogenic Kr by cosmic rays.

Overall, based on the results from this study, we conclude that the three Apollo 14 samples 14053, 14068, and 14072 were excavated more recently than the two Apollo 16 anorthosites 67075 and 67955. These findings are consistent with the notion that Cone Crater is younger than North Ray

Crater. Thus, the relative recent lunar cratering chronology is confirmed here; the absolute cratering chronology, however, remains a matter of significant debate. 

Implications for the Recent Lunar Cratering Chronology

The accumulated abundances of cosmogenic noble gas nuclides ( 3 He cosm , 21 Ne cosm , 38 Ar cosm ) in rocks that were ejected by the impacts that created Cone and North Ray craters imply that both craters were formed at nearly the same time, i.e., at <21 ± 3 Ma (Cone) and <25 ± 3 Ma (North Ray). These age estimates are significantly lower than those obtained from CSFD measurements on the ejecta blankets surrounding Cone Crater (39 ± 3 Ma; [START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] and North Ray Crater (50.8 ± 2.5

Ma; Gebbing et al., 2021) (Figure 5). Only the 81 Kr-Kr method yields exposure ages that are consistent with crater counts around North Ray Crater (i.e., 50.0 ± 1.4 Ma; [START_REF] Behrmann | Cosmic-ray exposure history of North Ray and South Ray material[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF][START_REF] Marti | Krypton and xenon in some lunar samples and the age of North Ray Crater[END_REF]. These discrepancies could indicate that He-Ne-Ar exposure ages underestimate the duration of exposure to cosmic rays of rocks that were excavated by impacts on the Moon's surface, possibly because of partial loss of light noble gas nuclides that have been produced in situ (e.g., [START_REF] Eugster | Cosmic ray exposure histories of Apollo 14, Apollo 15, and Apollo 16 Rocks[END_REF][START_REF] Signer | Helium, neon, and argon records of lunar soil evolution[END_REF]. Alternatively, the crater density may be overestimated due to presence of secondary and self-secondary craters, although [START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] noted the absence of close-by young impact craters large enough to produce a significant number of secondary craters on the ejecta blanket of Cone crater. Overall, the results obtained here and in complementary crater density studies [START_REF] Gebbing | New geologic map of the Apollo 16 landing site: Implications for crater size-frequences of the lunar chronology[END_REF][START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] illustrate that the uncertainties of the most recent lunar cratering chronology are significantly larger than previously acknowledged. Given the wide range of published empirical or theoretical production rates of cosmogenic noble gas nuclides, [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF] and [START_REF] Stöffler | Cratering history and lunar chronology[END_REF] presumably underestimated the uncertainties of the formation ages of Cone Crater (26.0 ± 0.8 Ma and 25.1 ± 1.2 Ma, respectively) and North Ray Crater (50.0 ± 1.4 Ma and 50.3 ± 0.8 Ma, respectively). Similarly, the age estimate of Tycho Crater (109 ± 4 Ma; [START_REF] Drozd | Cosmic-ray exposure history at Taurus-Littrow[END_REF], determined from 81 Kr-Kr exposure ages of rocks collected during the Apollo 17 mission, should be regarded with caution [START_REF] Stöffler | Cratering history and lunar chronology[END_REF]. This implies that care should be taken when extrapolating the lunar cratering chronology function over the last ≤1 billion of years to other young, unsampled geological units on the Moon and on other planetary bodies in the solar system.

To improve our understanding of the most recent (≤100 Ma) impact rate at the lunar surface, additional calibration points from 'young' geological units are crucially needed. With this respect, it is noteworthy that CFSD studies have recently identified young volcanic features (so-called 'irregular mare patches') on the Moon that appear to have been emplaced with the last 100 Ma [START_REF] Braden | Evidence for basaltic volcanism on the Moon within the past 100 million years[END_REF][START_REF] Qiao | Lunar irregular mare patches: classification, characteristics, geologic settings, updated catalog, origin, and outstanding questions[END_REF]. Although the relatively recent formation ages and emplacement mechanisms of these features are debated (e.g., Qiao et al., 2020, and references therein), a sample return from these sites might not only provide key insights into the composition of the lunar mantle and the thermal evolution of the Moon, but it would also permit both the absolute radiometric and CRE age of a given sample to be determined, together with the crater density of the same unit. In this way, new empirical noble gas (He, Ne, Ar, Kr, Xe) production rates could be obtained which would then form the basis for improved physical models for cosmogenic nuclide production over time in extraterrestrial materials.

Conclusions

Fragments of eight well-characterized micro-crystalline Apollo 14 rocks (i.e., one breccia and five basalts) and Apollo 16 anorthosites were targeted for noble gas analyses to re-assess the timing of their ejection, and to compare their noble gas exposure ages with crater density-based model ages of the ejecta blankets surrounding Cone and North Ray craters. When taking into account various

Figure 1 :

 1 Figure 1: Lunar cratering chronology (modified from[START_REF] Neukum | Meteoritenbombardement und Datierung planetarer Oberflächen[END_REF][START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Iqbal | Geological mapping and chronology of lunar landing sites : Apollo 11[END_REF]. Cumulative number of craters ≥1 km in diameter per km 2 as a function of the age of dated lunar surfaces. Cone Crater and North Ray Crater at the Apollo 14 and 16 landing sites, respectively, are anchor points of the lunar cratering chronology function at <100 Ma. Their crater densities were determined by crater counting on several homogeneous areas on the surrounding ejecta blankets (e.g.,[START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF][START_REF] Hiesinger | How old are young lunar craters?[END_REF][START_REF] Robbins | New crater calibrations for the lunar crater-age chronology[END_REF], whereas their absolute formation ages were derived from noble gas exposure ages of excavated rocks and soils (e.g.,Arvidson et al., 1975 and references therein). The N cum (D ≥ 1 km) value for Copernicus from[START_REF] Hiesinger | How old are young lunar craters?[END_REF], derived from crater counts on the ejecta blanket, impact melt pools, and the crater floor, fits the chronology curve, whereas the value from[START_REF] Neukum | Cratering record in the inner solar system in relation to the lunar reference system[END_REF] lies above the curve.

Figure 2 :

 2 Figure 2: a) Apollo 16 anorthosites 67955 (top and bottom) and 67075 (middle) in the three aluminacoated tungsten evaporation baskets of the filament furnace. b) View through the furnace window during sample heating. c) Anorthosite 67955,115 after melting (and partial evaporation).

  determined a CRE age of ~20 Ma from 21 Ne, 38 Ar, and 128 Xe abundance measurements, whereas Stadermann et al. (1991) argued for a longer 38 Ar exposure age of 33 Ma.

  Duplicates of each sample are generally in good agreement with the notable exception of KREEP basalt 14073. The abundances of the three cosmogenic noble gas nuclides are clearly correlated, although there is some scatter due to possible shielding variations and chemical differences (e.g., the high Mg content of breccia 14068 results in high 21 Ne cosm concentrations, whereas the particularly low Mg abundance in anorthosite 67075 results in low 21 Ne cosm concentrations; see Concentrations of cosmogenic (a) 3 He and (b) 38 Ar versus cosmogenic 21 Ne abundances in Apollo 14 rocks (i.e., one breccia and five basalts) and Apollo 16 anorthosites. The dashed lines illustrate that the 3 He cosm , 21 Ne cosm , and 38 Ar cosm abundances in lunar samples are correlated. Uncertainties of most He-Ne-Ar concentrations are smaller than symbol sizes.
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Figure

3

: Isotopic composition of neon extracted from Apollo 14 rocks (i.e., one breccia and five basalts) and Apollo 16 anorthosites. The isotopic signatures of modern solar wind (SW; 20 Ne/ 22 Ne = 13.78 ± 0.03 and 21 Ne/ 22 Ne = 0.0329 ± 0.0001;

[START_REF] Heber | Noble gas composition of the solar wind as collected by the Genesis mission[END_REF] 

and the terrestrial atmosphere (Air; 20 Ne/ 22 Ne = 9.80 and 21 Ne/ 22 Ne = 0.0288-0.0290;

[START_REF] Eberhardt | A redetermination of the isotopic composition of atmospheric neon[END_REF][START_REF] Györe | The formation of NeH+ in static vacuum mass spectrometers and re-determination of 21 Ne/ 20 Ne of air[END_REF][START_REF] Saxton | The 21 Ne/ 20 Ne ratio of atmospheric neon[END_REF][START_REF] Wielandt | A new high precision determination of the atmospheric 21 Ne abundance[END_REF] 

are shown for comparison. The solid line represents a mixing line between cosmogenic neon (cosm; 21 Ne/ 22 Ne ≈ 0.9; this study;

[START_REF] Leya | The production of cosmogenic nuclides by galactic cosmicray particles for 2π exposure geometries[END_REF] 

and implantationfractionated SW-derived neon (IFSW; 20 Ne/ 22 Ne ≈ 11.2-12.6;

[START_REF] Curran | A database of noble gases in lunar samples in preparation for mass spectrometry on the Moon[END_REF][START_REF] Péron | Origin of light noble gases (He, Ne, and Ar) on Earth: A review[END_REF][START_REF] Wieler | Consequences of the non-existence of the "SEP" component for noble gas geo-and cosmochemistry[END_REF]

. Uncertainties of some Ne isotope ratios are smaller than symbol sizes.

The concentrations of cosmogenic 3 He, 21 Ne, and 38 Ar in the 16 analyzed rock fragments are shown in Figure

4

.

3 

He cosm and 21 Ne cosm concentrations suggests that helium produced in situ in these lunar samples was partially lost by diffusion.

  . Although the 'bulk' chemical composition of many Apollo breccias, basalts, and anorthosites

	has	been	determined	previously	(see	Meyer,	2009,	and	references	therein;
	https://curator.jsc.nasa.gov/lunar/lsc/index.cfm), chemical or mineralogical heterogeneities within mg-
	sized samples can result in a range of CRE ages derived from the accumulated nuclide method,

Table 1 :

 1 Concentrations of cosmogenic 3 He,21 Ne, and 38 Ar (in 10 -12 mol/g) in Apollo 14 and and Apollo 16 rock fragments, as well as different GCR production rate estimates (P 3 in 10 -13 mol/g/Ma; P 21 and P 38 in 10 -14 mol/g/Ma).

	Sample	3 Hecosm	21 Necosm	38 Arcosm	P3	P3	P21	P21	P21	P38	P38	P38
					(B71) (R81) (B71) (L01) (B71) (H78) (T71)
	14053,317	5.58 ± 0.19	0.81 ± 0.03	0.71 ± 0.01	4.5	5.1	6.7	3.9	5.2	6.2	3.2	5.1
	14053,318	5.63 ± 0.19	0.98 ± 0.04	0.72 ± 0.01								
	14068,29	4.98 ± 0.17	1.44 ± 0.05	0.75 ± 0.01	4.5	5.3	8.2	5.4	7.0	4.4	2.4	3.6
	14068,30	4.91 ± 0.17	1.43 ± 0.05	0.75 ± 0.01								
	14072,76	3.63 ± 0.12	0.64 ± 0.02	0.50 ± 0.01	4.5	5.1	7.1	4.3	5.6	5.2	2.7	4.3
	14072,77	3.46 ± 0.13	0.59 ± 0.02	0.47 ± 0.01								
	14073,24	21.42 ± 0.80 4.37 ± 0.16	5.32 ± 0.06	4.5	5.2	6.8	4.3	5.7	6.8	3.4	5.6
	14073,25	18.98 ± 0.71 3.65 ± 0.13	4.00 ± 0.06								
	14077,7*	37.25 ± 0.68 9.07 ± 0.33 11.99 ± 0.14	4.5	5.1	6.6	4.2	5.5	6.9	3.5	5.7
	14077,8*	36.47 ± 0.67 9.06 ± 0.33 12.23 ± 0.13								
	14078,17	17.63 ± 0.63 3.59 ± 0.13	4.54 ± 0.05	4.5	5.1	6.6	4.2	5.5	6.9	3.5	5.7
	14078,18	17.90 ± 0.67 3.71 ± 0.13	4.81 ± 0.05								
	67075,126	0.39 ± 0.02	0.24 ± 0.01	2.05 ± 0.02	4.5	5.1	5.6	3.9	5.1	9.9	4.7	8.1
	67075,127	1.13 ± 0.02	0.35 ± 0.01	2.06 ± 0.02								
	67955,114	3.67 ± 0.16	1.54 ± 0.06	1.68 ± 0.02	4.5	5.1	6.4	4.5	5.8	8.2	3.9	6.8
	67955,115											

  Given that the chemical composition of KREEP basalt 14077 has not been determined, CRE ages were calculated by assuming that it has the same major element composition as 14078. The black horizontal lines indicate the range of previously published CRE ages (see section 2.1. for details). The blue vertical lines indicate the model ages derived from CSFD measurements on the ejecta blankets surrounding Cone Crater (39 ± 3 Ma;[START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] and North Ray Crater (50.8 ± 2.5 Ma;[START_REF] Gebbing | New geologic map of the Apollo 16 landing site: Implications for crater size-frequences of the lunar chronology[END_REF].
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	Figure 5: Cosmic ray exposure (CRE) ages of Apollo 14 mare basalts 14053 and 14072, breccia
	14068, and KREEP basalts 14073, 14077, 14078, as well as Apollo 16 anorthosites 67075 and 67955,
	calculated using different production rates for cosmogenic 3 He, 21 Ne, and 38 Ar, i.e., B71: Bogard et al.
	(1971), R81: Reedy (1981), H78: Hohenberg et al. (1978), L01: Leya et al. (2001), T71: Turner et al.
	(1971).					
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Appendix A -Table A1.

published empirical or modeled production rates for noble gas nuclides in lunar samples, the accumulated abundances of 3 He cosm , 21 Ne cosm , and 38 Ar cosm in the studied rocks can be explained by a range of exposure ages. Whereas the 21 Ne and 38 Ar exposure ages of mare basalts 14053 and 14072 and breccia 14068 derived here are marginally consistent with the age cluster of 26 ± 2 Ma previously reported for samples from Cone Crater [START_REF] Arvidson | Cosmic ray exposure ages of features and events at the Apollo landing sites[END_REF], the concentration of cosmogenic noble gases in anorthosites 67075 and 67955 are lower than expected for a presumed ejection at 50.0 ± 1.4

Ma [START_REF] Behrmann | Cosmic-ray exposure history of North Ray and South Ray material[END_REF][START_REF] Drozd | Cosmic-ray exposure history at the Apollo 16 and other lunar sites: lunar surface dynamics[END_REF][START_REF] Fernandes | The bombardment history of the Moon as recored by 40 Ar-39 Ar chronology[END_REF][START_REF] Marti | Krypton and xenon in some lunar samples and the age of North Ray Crater[END_REF].

Furthermore, the noble gas CRE ages obtained here are shorter than the model ages obtained from CSFD measurements on the ejecta blankets surrounding Cone Crater (39 ± 3 Ma; [START_REF] Hiesinger | New crater size-frequency distribution measurements for Cone Crater at the Apollo 14 landing site[END_REF] and North Ray Crater (50.8 ± 2.5 Ma; [START_REF] Gebbing | New geologic map of the Apollo 16 landing site: Implications for crater size-frequences of the lunar chronology[END_REF]. For establishing an accurate cratering chronology on the Moon, these discrepancies must be understood and resolved. The return of a sample from a young geological unit on the Moon would be key for cross-calibrating different dating methods with CSFD measurements, and, ultimately, for better understanding the impact rate on the Moon over the last 100 Ma.
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