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18 High precision triple oxygen isotope data on 40 water samples (5 to 10,923 m 19 depth) collected at the Challenger Deep of Mariana Trench are reported in this 20 study. The analyses at Laboratoire des Sciences du Climat et l'Environnement 21 (LSCE) yield mean isotope values  18 O = -0.084  0.224 ‰,  17 O = -0.061  0.117 22 ‰, and 17 O-excess = -17  5 per meg, with standard deviations reported at 1. 23 The range of  18 O (-0.480 to 0.544 ‰) falls within records of Global Seawater 24 Oxygen-18 Database at Mariana Trench. Average 17 O-excess value at Mariana 25 Trench is more negative than the average 17 O-excess value of -5  4 (1) per meg 26 in the only prior dataset including deep ocean samples. The slope () of the three-27 isotope-plot of Mariana Trench water is 0.521  0.003 (1), lower than  of 0.528 28 0.001 (1) for ocean water in the prior study. The new dataset matches the 29 prediction of ocean isotope mass balance model, suggesting it may represent a 30 more appropriate ocean endmember for triple oxygen isotope thermometry.

The 31 17 O-excess of ocean water with respect to VSMOW is recognized to be a 32 necessary correction in quantifying gross oxygen productivity of euphotic regions 33 and relative humidity of moisture source regions. 34 1. INTRODUCTION 35 Oxygen isotopic compositions are reported in delta notation 1 : 36 Eq.(1) 𝛿 𝑥 𝑂 = ( 𝑥 𝑂/ 16 𝑂 𝑠𝑎𝑚𝑝𝑙𝑒 𝑥 𝑂/ 16 𝑂 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 -1 ) × 1000 Page 2 of 44 ACS Paragon Plus Environment ACS Earth and Space Chemistry 3 37 where x is 17 or 18 and δ is reported in permil (‰). 38 Small 17 O anomalies arise from fundamental differences between individual 39 mass dependent fractionation mechanisms (equilibrium vs. kinetic). The basic 40 theory for mass-dependent triple oxygen isotope fractionation was established 41 early on 2-3 , however its application relies on high precision isotope analytical 42 techniques, which are recently available for minerals and water 4 . Novel research

 .

 , and expressed in per meg:

Eq. (2) 17 𝑂 -𝑒𝑥𝑐𝑒𝑠𝑠 = [ln (1 + 𝛿 17 𝑂/1000) -𝜆ln (1 + 𝛿 18 𝑂/1000)] × 10 6 49 To be consistent with "permil" for delta notation where "milli" is Latin origin meaning 50 one thousand, we use "per meg" for 17 O-excess in this study since "mega" is Greek 51 origin meaning one million. However, "ppm" is often also used in the literature. 52 Conventional oxygen isotope thermometry, which draws on the information 53 of equilibrium oxygen isotopic signatures ( 18 O/ 16 O ratios) between minerals and 54 water, has been applied to estimate temperatures in modern and past climates 55 and infer glacial history 14-17 . Recently, triple oxygen isotope system ( 18 O/ 16 O and 56 17 O/ 16 O ratios) is developed to distinguish mass dependent equilibrium and kinetic Page 3 of 44 ACS Paragon Plus Environment ACS Earth and Space Chemistry 4 57 processes by analyzing oxygen-bearing silicates, carbonates, sulfates, 58 phosphates etc. at low T environments and hydrothermal altered, igneous and 59 metamorphic rocks at high T environments 4 . The implementation of an extra 60 dimension to δ 18 O scale quantitatively constrains geological processes and 61 accurately reconstructs paleoclimate and paleoenvironment, manifested in: a) 62 rigorous tests of assumptions such as equilibrium in palaeothermometry; b) tests 63 of proposed kinetic reaction mechanisms 18-19 ; c) constraints of pristine oxygen 64 isotopic composition of water, water/rock ratio, or T in water-rock interaction 20 ; d)

 ; e) explanation of the secular 66 sedimentary trends 23 ; f) identification of effects of evaporation and aridity 24 . 67 Well-constrained modern and ancient oxygen isotopic compositions of 68 ocean water serve as an anchor for wide applications in climate sciences and Earth 69 sciences. There's a good amount of ocean water δ 18 O records including deep 70 oceans 25 . However, there's a lack of triple oxygen data for ocean water, especially 71 from the deep oceans, inhibiting the confidence in the potential applications of 72 triple oxygen isotopes. A prior triple oxygen isotope study of seawater analyzed 38 73 water samples from the Atlantic Ocean, the Pacific Ocean, E. Mediterranean and 74 northern Red Sea at variable depths (2-5196 m) 13 . In the current study, 40 water 75 samples were collected from Mariana Trench by researchers from the Deep-sea 76 Institute of Science and Engineering, Chinese Academy of Sciences. 77 2. MATERIALS AND METHODS Page 4 of 44 ACS Paragon Plus Environment ACS Earth and Space Chemistry 5 78 Two hadal cruises R/V Xiangyanghong Jiuhao (37II) and Tansuo Yihao 79 (TS09) were carried out between June 2016 and September 2018. During the 80 cruises, a total of 22 stations, with water depths ranging from 5 to 10923 m, were 81 investigated from the Challenger Deep and overlying water column. Water 82 samples were collected in Niskin bottles from the southern (stations JL115, JL120, 83 JL122, JL144, JL146, 37II-CTD01, 37II-CTD03, 37II-CTD05), middle (stations 84 Dive YW17, Dive YW18, Dive YW19, Dive YW20, Dive YW21, Dive YW22, Dive 85 YW23, Dive WQ20, Dive WQ21, Dive WQ22, Dive WQ23, Dive WQ24 and TS09-86 CTD06) and northern (station JL150) regions of the Mariana Trench in the Western 87 Pacific Ocean (Figure 1, Table S1). Niskin bottles (Sea-Bird, Bellevue, WA, USA) 88 were attached to the Jiao Long Human Occupied Vehicle, Hadal landers 89 (Wangquan and Tianya), and a CTD rosette to obtain water samples. All of the 90 Dive samples were collected tens of centimeters above the sediment surface. 91 Sampling depth was recorded by the Niskin bottle CTD rosette (SeaBird SBE 92 19plus V2 SEACAT). Water samples were filtered onboard through a 0.22 µm pore 93 size polytetrafluoroethylene membrane (Millipore, Massachusetts, USA) 26 and 94 stored at 20 °C immediately afterward until further processing. 95 Triple oxygen isotope analyses of water samples were carried out in June 96 2019 at the Laboratoire des Sciences du Climat et l'Environnement (LSCE), Gif 97 sur Yvette, France. The analytical procedure of CoF 3 fluorination of water followed 98 by the measurement of product O 2 with a ThermoScientific MAT 253 gas source

120

Our data fall within the range of  [START_REF] Cao | Redefining the utility of the three-isotope method[END_REF] O from Global Seawater 121 Database [START_REF] Bigg | An oxygen isotope data set for marine waters[END_REF][29][START_REF] Legrande | Global gridded data set of the oxygen isotopic 506 composition in seawater[END_REF] in vicinity of our sampling locations (-0.3 to 0.87 ‰ and one 122 sample of 2.8 ‰, Table S2).

123

In order to evaluate how triple oxygen isotopic compositions of water 124 samples varied over the large depth range in this study, we binned our data into 125 varying depth ranges (Table S3) and compared those average values to the un-126 binned averages. The results do not reveal an obvious depth-dependent structure 127 to the isotopic measurements, so we applied simple average  [START_REF] Cao | Redefining the utility of the three-isotope method[END_REF] O,  [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O, and [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-128 excess values -0.084  0.224 (1) ‰, -0.061  0.117 (1) ‰ and -17  5 (1) per 129 meg throughout this study.

130

The average [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess value of -17 ± 5 per meg from this study is more 131 negative than -5 ± 4 (1) per meg from Luz and Barkan [START_REF] Barkan | Variations of 17 O/ 16 O and 18 O/ 16 O in meteoric waters[END_REF] . While there are potential 132 analytical biases, we expect these to be significantly smaller than the difference in 133 mean values reported here (discussed below). Therefore, the differences in [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] 318 per meg [START_REF] Manning | Revising estimates of aquatic gross oxygen production by the triple 642 oxygen isotope method to incorporate the local isotopic composition of 643 water[END_REF] ), g values are relatively smaller at the same  18 O and the differences 319 are more prominent at higher g values (Figure 5).

320

In the recent years, it is observed that the mixed layer has a component of 321 17 O-enriched O 2 accumulated in the less vented thermocline by either entrainment 322 of water or vertical turbulent flux from the thermocline, which results in an 323 overestimation of mixed layer GOP [START_REF] Nicholson | Evaluating triple oxygen isotope estimates of gross primary 647 production at the Hawaii Ocean Time-series and Bermuda Atlantic Time-648 series Study sites[END_REF][START_REF] Nicholson | The triple oxygen isotope tracer 651 of primary production in a dynamic ocean model[END_REF][START_REF] Wurgaft | Technical Note: The effect of vertical 654 turbulent mixing on gross O 2 production assessments by the triple isotopic 655 composition of dissolved O 2[END_REF][START_REF] Jonsson | Evaluation of Southern 658 Ocean O 2 /Ar based NCP estimates in a model framework[END_REF][START_REF] Castro-Morales | Using dissolved oxygen concentrations to 662 determine mixed layer depths in the Bellingshausen Sea[END_REF][START_REF] Howard | Biological production, export efficiency, and phytoplankton 666 communities across 8000 km of the South Atlantic[END_REF][START_REF] Haskell | Annual cyclicity in export efficiency in the inner Southern California 670 Bight[END_REF] . Wurgaft et al. [START_REF] Wurgaft | Technical Note: The effect of vertical 654 turbulent mixing on gross O 2 production assessments by the triple isotopic 655 composition of dissolved O 2[END_REF] added a term for GOP 324 contribution from beneath the mixed layer to a simplified form of Eq.( 6). Haskell et 325 al. [START_REF] Haskell | Annual cyclicity in export efficiency in the inner Southern California 670 Bight[END_REF] divided the euphotic regions into mixed layer and below-mixed-layer (BML) 339 snow formation overprinting [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess signature from ocean source regions are 340 reported for our complex nature 8, 9, 83 .

326

341

In the example below, we estimate kinetic fractionation factor for the 342 interfacial layer between sea surface and the atmosphere ( 18  diff ), from the 343 correlation between [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess and relative humidity of modern ocean. The  diff is 344 applied to study paleo-humidity [START_REF] Winkler | Deglaciation 447 records of 17 O-excess in East Antarctica: reliable reconstruction of oceanic 448 normalized relative humidity from coastal sites[END_REF] and is an important parameter in evaporation 345 models [START_REF] Uemura | Triple isotope composition of oxygen 673 in atmospheric water vapor[END_REF] .

346

The 17 O-excess value of marine vapor is given by Eq. ( 7):

347 17 𝑂 -𝑒𝑥𝑐𝑒𝑠𝑠 = -ln [ 18 𝛼 0.529 𝑒𝑞 ( 18 𝛼 0.518 𝑑𝑖𝑓𝑓 (1 -ℎ 𝑛 ) + ℎ 𝑛 )] + 0.528ln [ 18 𝛼 𝑒𝑞 ( 18 𝛼 𝑑𝑖𝑓𝑓 (1 -ℎ 𝑛 ) + ℎ 𝑛 ] 348 
Eq. ( 7)

349

In Eq. ( 7), the [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess of marine vapor is defined with respect to ocean 350 water, rather than VSMOW. Luz and Barkan 13 took 17 O-excess of ocean waters at 351 0-5390 m depth as [START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess of bulk ocean water relative to VSMOW for this 352 correction. Although our data mostly represent deep water, there's no significant 353 depth variation and we cannot differentiate the  value of Mariana Trench data 354 from that of surface equilibrium or that of Luz and Barkan 13 at 95% confidence 355 level. Therefore our data may represent bulk ocean isotopic composition and may 356 also be suitable for studies of humidity at moisture source region.
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  and constructed similar equations with GOP of the mixed layer influenced by the 327 BML, and GOP of BML influenced by the deep water column below the euphotic 328 depth. An implication of the results from this study is that deeper water may have 329 a different isotopic composition as surface water, thus isotopic compositions of 330 photosynthetic O 2 may differ in each layer, impacting the quantification of GOP in 331 euphotic regions including mixed layer and BML. 332 Isotopic compositions of water endmember is crucial for accurate estimation 333 of GOP and should be analyzed more prevalently by modern techniques such as 334 laser spectroscopy. 335 5.4 RELEVANCE TO PALEO-HUMIDITY STUDIES 336 The 17 O-excess value of vapor and precipitation has been used as a unique 337 quantitative tracer for the relative humidity in oceanic moisture source regions and 338 thus a useful proxy for hydrology and paleoclimatology 10, 79-82 . Convection and Page 17 of 44 ACS Paragon Plus Environment ACS Earth and Space Chemistry 18

Figure 1 .

 1 Figure 1. Bathymetry map and location of the sampling sites at the Mariana Trench. Red dot in A represents sampling site that is further detailed in B.

Figure 2 .Figure 3 .

 23 Figure 2. Depth profiles of seawater  18 O (A),  17 O (B), 17 O-excess (C) at Mariana Trench in this study, plotted with data from Global Seawater Oxygen-18 Database records at Mariana Trench 29 (reproduced from Schmidt G.A., Bigg G.R., Rohling E.J., 1999, "Global Seawater Oxygen-18 Database -v1.22", https://data.giss.nasa.gov/o18data/), and data from world oceans in Luz and Barkan 13 .

Figure 4 .

 4 Figure 4. Correlation of  18 O and salinity for water samples deeper than 500 m indicating mixing of AABW and AAIW to Pacific water body. W. Pacific data are from Global Seawater Oxygen-18 Database 29 (reproduced from Schmidt G.A., Bigg G.R., Rohling E.J., 1999, "Global Seawater Oxygen-18 Database -v1.22", https://data.giss.nasa.gov/o18data/).

Figure 5 . 6 Figure 6 .

 566 Figure5. Gross oxygen productivity (GOP), g, estimated with 17 O-excess of seawater at -5 per meg[START_REF] Barkan | Variations of 17 O/ 16 O and 18 O/ 16 O in meteoric waters[END_REF] and -17 per meg (this study) with respect to VSMOW, using a Southern ocean dataset[START_REF] Reuer | New 636 estimates of Southern Ocean biological production rates from O 2 /Ar ratios and 637 the triple isotope composition of O 2[END_REF] .

  

  -excess[START_REF] Winkler | Deglaciation 447 records of 17 O-excess in East Antarctica: reliable reconstruction of oceanic 448 normalized relative humidity from coastal sites[END_REF] . For O 2 analytes, the lower abundance of[START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O relative to[START_REF] Railsback | An 463 optimized scheme of lettered marine isotope substages for the last 1.0 million 464 years, and the climatostratigraphic nature of isotope stages and substages[END_REF] O and[START_REF] Cao | Redefining the utility of the three-isotope method[END_REF] O 141 may result in the larger scaling of[START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O-excess values and this pressure baseline 159 where  is the oxygen isotope fractionation factor. For liquid-vapor equilibrium,  L-V 160 is defined by Eq. (4): 𝑒𝑥𝑐𝑒𝑠𝑠 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 = 1000[ 17 𝑂 -𝑒𝑥𝑐𝑒𝑠𝑠 𝑤𝑎𝑡𝑒𝑟 + ( 𝑎 × 10 6 299 throughout the global ocean[START_REF] Juranek | Using Triple Isotopes of Dissolved Oxygen to 623 Evaluate Global Marine Productivity[END_REF] . The ratio of GOP to gross Air-O 2 invasion, g, is 300 calculated by dual-delta method as Eq. (6)[START_REF] Kaiser | Technical note: Consistent calculation of aquatic gross production 626 from oxygen triple isotope measurements[END_REF][START_REF] Kaiser | Reply to Nicholson's comment on "Consistent calculation of 629 aquatic gross production from oxygen triple isotope measurements" by Kaiser 630[END_REF][START_REF] Prokopenko | Exact evaluation of 632 gross photosynthetic production from the oxygen triple-isotope composition of 633 O 2 : Implications for the net-to-gross primary production ratios[END_REF] : sat ,  p refer to the  values of dissolved O 2, dissolved O 2 at air saturation, 303 and photosynthetic O 2 , respectively, with respect to Air-O 2 ,   is kinetic 304 fractionation in evasion from sea to air and s is relative supersaturation of dissolved 305 O 2 . The 18  sat =0.707 ‰, 17  sat =0.382 ‰, 17   =-1.463 ‰,[START_REF] Cao | Redefining the utility of the three-isotope method[END_REF]  the Southern Ocean[START_REF] Reuer | New 636 estimates of Southern Ocean biological production rates from O 2 /Ar ratios and 637 the triple isotope composition of O 2[END_REF] , assuming 313 s=s bio =  Ar) from the dataset, our calculation yielded similar results as Kaiser 314 and Abe 68 (Figure5). If accounting for the 17 per meg lower[START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] O/[START_REF] Railsback | An 463 optimized scheme of lettered marine isotope substages for the last 1.0 million 464 years, and the climatostratigraphic nature of isotope stages and substages[END_REF] O of ocean water
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134 excess from this study and the prior study are likely to be environmentally 135 meaningful in using triple oxygen isotopes as a tracer of physical processes in the 136 ocean. 137

4. DISCUSSION

138

There are analytical challenges in water fluorination and triple oxygen 139 isotope measurement, which may result in significant inter-laboratory offsets of

[START_REF] Barkan | Variations of 17 O/ 16 O and 18 O/ 16 O in meteoric waters[END_REF] 

, we believe these differences represent real 155 environmental variations. Thus we further interpret our data and discuss potential 156 applications.

157

Oxygen isotope fractionation exponent,  is defined by Eq. (

3

): 𝑥 𝑂/ 16 𝑂) 𝑉 162 where x is 18 or 17.

163

We compare the slope () of the three-isotope plot of data from this study 164 and those from the study of Luz and

Barkan 13 

to the  values characterizing distinct 165 processes. The  may represent multiple processes while  represents a specific 166 process

[START_REF] Matsuhisa | Mechanisms of hydrothermal 416 crystallization of quartz at 250°C and 15 kbar[END_REF] 

and  is replaceable by  for equilibrium or reproducible kinetic isotope 167 fractionations

33 

.

168

The isotopic composition of Mariana Trench waters reflects their source 169 waters in the surface ocean, and subsequent physical processes during water 170 mass transport. The oxygen isotope fractionation slopes for liquid-vapor 171 equilibrium of water at air-sea interface and water liquid-liquid self-diffusion 172 endmembers are discussed briefly below. We demonstrate that the slope of three-

173

isotope plot for the measured Mariana Trench waters is intermediate between 174 those expected process endmembers.  =-2.800 ‰. The 306  R =0.5179 characterizes respiratory fractionation. Photosynthetic process is 307 characterized by small isotope fractionation from source water. Taking 18  W =- 308 23.647 ‰ and 17  W =-12.107 ‰ of ocean water with respect to Air-O 2 , accounted 309 for the 5 per meg lower 17 O/ 16 O of ocean water compared to VSMOW, 310 photosynthetic O 2 has

18  P =-19.625 ‰ and

[START_REF] Vho | An internally-consistent database for oxygen 468 isotope fractionation between minerals[END_REF] 

 P =-9.980 ‰, the average of a 311 strain of cyanobacterium and four phytoplankton species

[START_REF] Kaiser | Reply to Nicholson's comment on "Consistent calculation of 629 aquatic gross production from oxygen triple isotope measurements" by Kaiser 630[END_REF] 

. Using a dataset of 312 triple oxygen isotope measurements in
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