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 Supplementary Text 
Water isotope measurements throughout the solar system 

Tables S1, S2, and S3 list the isotopic ratios illustrated in Figure 1, the molecule in which 
the ratio is measured, and the source of the measurement. These observations are used to 
constrain the hydrogen and oxygen isotope ratios in the PSN, and to determine how the terrestrial 
planets obtained water and other volatile materials. The measurement for D/H in the PSN 
represents H2, the main species in the nebula. This value is based on D/H in Jupiter’s 
atmosphere, which obtained the vast majority of its H2 from the PSN when Jupiter formed (3). 
Deuterium is converted in the Sun to 3He, reducing D/H in the Sun over time compared to the 
value that was present in the PSN. The oxygen isotopes in the PSN were determined based on a 
review of solar composition (53). 

Saturn (54) has a lower D/H than Jupiter, but the uncertainty on this measurement is large 
and does not exclude a value similar to Jupiter’s. What is needed is to measure D/H with an 
atmospheric probe, similar to the measurements made at Jupiter (55). The D/H in Neptune and 
Uranus (56) is enhanced compared to Jupiter and Saturn as the result of water ice and other 
volatiles enriched in deuterium forming the building blocks for these planets. As with Saturn, an 
atmospheric probe is needed to reduce the uncertainty on these measurements (55). Oxygen 
isotope measurements in the giant planets are limited to a single 16O/18O measurement for Jupiter 
(57) that has too large of error bars for any reasonable conclusion to be made about the formation
of the planet.

Of the solid bodies that can serve as time capsules for conditions in the PSN, chondrites 
formed closest to the Sun. They are thought to have originated as asteroids that once had some 
water ice. The D/H for this ice is preserved in hydrated silicates (58). The oxygen isotopes for 
water are estimated based on modeling of isotopic fractionation in chondrites (59,60). Most 
chondrites have terrestrial D/H, with the exception CR and LL chondrites which are ~2-3 times 
greater than terrestrial. All chondrites have oxygen isotope ratios very close to the terrestrial 
value. 

The water ice that formed the building blocks of Saturn’s moons is thought to be from the 
same region where Saturn formed. The D/H on the surface of several moons has been measured 
and found to be enriched by up to 3 x terrestrial with error bars that overlap terrestrial values 
(42). This is in agreement with the D/H that was measured in the plume of water being released 
from the interior of Enceladus (41). Phoebe has an anomalously high D/H that is an exception 
compared to the other moons (42). 

Comets provide the most detail about water isotopes. The variability of D/H among comets 
is discussed in the main article. The only cometary measurements of 16O/17O are for two species 
at 67P/C-G (32,61). Water is slightly enriched in the heavy isotope, both in previously published 
(32) results and in our work. Interestingly, O2 is significantly enriched in 17O suggesting
fractionating processes in the PSN (61). Measurements of 16O/18O in water are available for
seven comets. All except C/2009 P1 Garradd have uncertainties that allow for terrestrial values.
C/2009 P1 Garradd is depleted in the heavy isotope, 18O. Water in comet 67P/C-G is slightly
enriched in the heavy isotope, similar to 16O/17O both in previously published analyses (36) and
in our results. Measurements of 16O/18O in other species in the coma of 67P/C-G show
significant variability, with terrestrial-like values in dust (62), CO2 (63), and CH3OH (61). Three
sulfur-bearing species along with O2 and H2CO are all highly enriched in the heavy isotope (61),
again showing signs of fractionation in the oxygen isotopes between species in the PSN.



Very few measurements are currently available for constraining the variability of D/H in 
methane in the PSN. Although the D/H ratio in methane in Titan’s atmosphere is in the terrestrial 
range, the atmosphere has evolved over time and the primordial value was likely lower (64,65). 
The oxygen isotopes for Titan are slightly depleted in the heavy isotope relative to terrestrial 
values, but with error bars that allow for terrestrial isotope ratios (66). Recent measurements of 
D/H in methane on the surfaces of two Transneptunian Objects (TNOs), Eris and Makemake, 
show ~1.2–2.2 x enrichment over terrestrial values (67). However, atmospheric loss is likely to 
have enriched the isotopes allowing for the possibility of lower primordial values. The only D/H 
in cometary CH4 was measured for 67P/C-G and was found to be enriched by more than 10x the 
terrestrial value (32). More measurements of D/H in cometary methane are needed to better 
understand how this species varied in the PSN. 

Isotope and abundance trends over time 
Figure 3 of the main article illustrates the visible variation of the isotope ratios and 

abundances with subspacecraft latitude and distance from the comet. We provide in Table S9 
correlations for the time periods illustrated in this figure. The cells of the table are shaded based 
on whether the correlation is positive (purple) or negative (salmon) with a darker shade for 
stronger correlations. Cells with negligible correlations are not shaded.  

In all four panels of Figure 3 the D/H ratio anti-correlates strongly with the 16O/17O 
meaning that the relative abundance of the heavier isotope compared to the lighter isotope 
increases or decreases together for both ratios. D/H correlates strongly with 16O/18O ratios during 
perihelion and post-perihelion but weakly or not at all pre-perihelion. The oxygen isotopes, 
16O/17O and 16O/18O consistently correlate showing that their heavy isotopes vary together.  

The hypervolatiles CO, CH4, and HCN show weak to strong correlations with each other 
throughout the entire time evaluated. D/H weakly anticorrelates with the abundances of CO, 
CH4, and HCN and 16O/17O weakly correlates with these species pre-perihelion during the 
earliest time of the mission (Figure 3A). The strongest anticorrelations are with CO and continue 
for D/H as the comet approaches perihelion (Figure 3B). This means that the heavy isotope is 
less abundant when these three species are more abundant pre-perihelion. 16O/18O anti-correlates 
with HCN and CO suggesting an opposite trend (Figures 3A & 3B). This is phase 3 of the dust 
cycle when “old” dust that is depleted in hypervolatiles like CO, CH4, and HCN is re-released 
from the northern hemisphere.  

During perihelion (Figure 3C) the correlation of the isotopes and these species is negligible. 
Although this is during phase 1 of the dust cycle, the spacecraft was at a distance greater than 
120 km from the nucleus in a coma that was well-mixed. Post-perihelion (Figure 3D) the 
correlation with D/H is positive and is negative with the oxygen isotopes, meaning that the heavy 
isotope increases when the abundances of these species increase. This is during phase 2 of the 
dust cycle when the spacecraft was close to the comet and exposed to “new” dust being released 
from the nucleus. This dust is rapidly losing hypervolatiles prior to redeposition on the northern 
hemisphere.  

During pre-perihelion (Figure 3A) D/H strongly correlates with latitude while 16O/17O 
strongly anticorrelates with latitude meaning that the heavy isotopes increase with increasing 
northern latitude. 16O/18O does not significantly correlate with latitude but has a weak positive 
correlation with distance such that the heavy isotope decreases with increasing distance from the 
nucleus. This is during phase 3 of the dust cycle where “old” dust is being released from the 
northern hemisphere. 



The correlation between D/H and 16O/17O with distance is negligible early pre-perihelion 
(Figure 3A) but D/H develops a weak anticorrelation closer to perihelion (Figure 3B) such that 
the abundance of the heavy isotope decreases with increasing distance from the nucleus. 16O/18O 
correlations with distance and latitude during this same time (Figure 3B) show the opposite 
trends for the heavy isotope compared to D/H. The only correlation during perihelion (Figure 
3C), when the spacecraft was at a distance where the coma was well-mixed, is a weak correlation 
between 16O/17O and latitude.  

Post-perihelion (Figure 3D) D/H and 16O/17O weakly correlate with latitude where the 
heavy isotope decreases with increasing northern latitude. This is opposite to the correlation 
observed during the early pre-perihelion (Figure 3A) time period. D/H weakly anticorrelates with 
distance during this time. 16O/18O correlates with latitude opposite to the other two isotopes. 



Fig. S1. 
Illustration of published methods for fitting to mass 19. (top) Mass spectrum for mass 19 
showing standard nonlinear least squares fits to F, 18OH, HDO, and H217O from Fig. 1 of (10) for 
22 Aug. 2014. (bottom) Mass spectrum for mass 19 showing standard nonlinear least squares fits 
to F, 18OH, HDO, H217O, and H3O from Fig. 1b of (32) for 07 May 2015.  



Fig. S2. 
Probabilistic constraints on the number of each species (F, 18OH, HDO, H217O, and H3O) 
inferred from Bayesian fits to mass 19 measurements. The upper row of panels shows the 
relative probability density of each species as histograms in units of log10 the total number of 
particles. Each title indicates the median retrieved number of particles and 1-sigma credible 
intervals in linear space. The lower panel shows data from 30 October 2014 (black points with 1-
sigma uncertainties) and our median fit to the spectrum (purple line with white outline). The 
median fit is bounded by 1-sigma and 3-sigma credibility envelopes (dark and light purple 
shading, respectively) that depict the range of model fits to the spectrum that are consistent with 
the particle numbers constraints shown in the upper panels.  



Fig. S3. 
Since the peaks of HDO and H3O significantly overlap on the detector, a strong degeneracy 
is seen between the two species, making them difficult to uniquely identify. The upper left 
matrix of subpanels shows 1D and 2D marginalized posterior distributions for each model fitting 
parameter for a fit to a single DFMS measurement. The right panel zooms into the covariance 
between HDO and H3O. This shows that the H3O peak can remain large over orders of 
magnitude in the signal from HDO, until HDO becomes equally large and the two species switch 
roles with HDO high and H3O low. The lower panels (Row A on left, Row B on right) 
demonstrate this same effect for four separate measurement fits, where the same “right angle” 
bend in the HDO-H3O covariance is seen along the line of HDO=H3O (x=y), albeit offset to 
account for the different peak heights of each measurement. 



Fig. S4. 
The ratio of the derived signals for all of the fits to Mass 19, including the fits where the signal to 
noise is poor. In a fit with good signal to noise, 18OH to HDO should be the same on both 
detector rows. This is generally the case when the fit is done without H3O (top panel) but is not 
the case when H3O is included in the fit (bottom panel). Note that the outliers in the top panel are 
the result of spillover in the detector and are excluded from further analysis. 



Fig. S5. 
Observations of the isotope ratios in water over the full mission dataset. The values derived 
here are shown in black and compared to published values for D/H (10,32,34), 16O/17O (32), and 
16O/18O (36) shown in salmon. The bottom panel shows the distance of the spacecraft from the 
comet nucleus in km (black) and the distance of the comet and spacecraft from the Sun (purple). 



Figure S6. 
Average and standard deviation for the oxygen isotopes in water measured during different 
time periods of the mission. Colors represent the phases of the dust cycle described earlier. 
Phase 1 is perihelion (gray), phase 2 is postperihelion (purple), and phase 3 is pre-perihelion 
(salmon). Error bars indicate how much the isotope ratio varies within each group (See Fig. 4 of 
main article for D/H). The dashed line corresponds to the Vienna Standard Mean Ocean Water 
(VSMOW) value. 



Fig. S7. 
All individual measurements of the water isotopes as a function of distance for pre-perihelion 
(black) and post-perihelion (purple). The published value ranges are shown by the salmon shaded 
region. 



 Table S1. 
Measurements of D/H throughout the solar system illustrated in Figure 1. 

Isotope ratio Molecule Reference 
Sun (2.1±0.5) x 10-5 H (68) 
PSN (2.6±0.7) x 10-5 H (3) 
Jupiter (2.6±0.7) x 10-5 H2 (3) 
Saturn (1.7±0.7) x 10-5 H2 (54) 
Uranus (4.4±0.4) x 10-5 H2 (56) 
Neptune (4.1±0.4) x 10-5 H2 (56) 
Venus (1.6±0.2) x 10-2 H2O (69) 
Mars (8.6±4.0) x 10-4 H2O (70) 
Chondrites CI (1.68±0.11) x 10-4 

Hydrates (58) 

CM (1.47±0.21) x 10-4 
CV (1.58±0.16) x 10-4 
CO (1.48±0.15) x 10-4 
CR (2.26±0.22) x 10-4 
LL (4.08±0.40) x 10-4 
EH (1.54±0.05) x 10-4 
EL (1.38±0.01) x 10-4 

Saturn’s 
moons 

Enceladus (2.9±1.5) x 10-4 H2O (41) 
Hyperion (2.15±0.75) x 10-4 H2O 

(42) 
Rhea (1.8±0.3) x 10-4 H2O 
Iapetus (1.7±0.3) x 10-4 H2O 
Phoebe (1.3±0.3) x 10-3 H2O 
Titan (1.59±0.33) x 10-4 CH4 (71) 

Eris (2.5±0.5) x 10-4 CH4 
(67) 

Makemake (2.9±0.6) x 10-4 CH4 

OCCs 

1P/Halley 
(3.08±0.5) x 10-4 H2O (72) 
(3.06±0.34) x 10-4 H2O (73) 
(2.1±0.3) x 10-4 H2O (25) 

C/1996 B2 
(2.9±1.0) x 10-4 H2O (74) 
(1.85±0.6) x 10-4 H2O (12) 

C/1995 O1 (3.3±0.8) x 10-4 H2O (75) 
8P/Tuttle (4.09±1.45) x 10-4 H2O (76) 
C/2009 P1 (2.06±0.22) x 10-4 H2O (77)



Isotope ratio Molecule Reference 

OCCs 
(cont.) 

153P/I-Z < 2.5 x 10-4 H2O (13) 
C/2007 N3 < 5.6 x 10-4 H2O (14) 
C/2002 T7 (2.5±0.7) x 10-4 H2O (78) 
C/2001 Q4 (4.6±1.4) x 10-4 H2O (79) 
C/2012 F6 (6.5±1.6) x 10-4 H2O (15) 

C/2014 Q2 
(1.4±0.4) x 10-4 H2O (15) 
(3.02±0.87) x 10-4 H2O (16) 

JFCs 

45P/H-M-P < 2 x 10-4 H2O (11) 
103P/H2 (1.61±0.24) x 10-4 H2O (6) 
46P/Wirt. (1.61±0.65) x 10-4 H2O (12) 

67P/C-G 

(5.01±0.41) x 10-4 H2O (32) 
(2.41±0.29) x 10-3 CH4 (32) 
(1.57±0.54) x 10-3 Organics (62) 
(2.59±0.36) x 10-4 H2O This work 

VSMOW Earth 1.56 x 10-4 H2O 



Table S2. 
Measurements of 16O/17O throughout the solar system. 

Isotope ratio Molecule Reference 
Sun 2696±642 O (53) 
Mars 2655±25 H2O (70) 
Chondrites CI 2623.9 

H2O (59,60) 
CM 2631.6 
CV 2633.7 
CO 2636.7 
CR 2627.5 

Saturn’s 
moons 

Titan 2917±359 CO (66) 

JFCs 67P/C-G 
2347±191 H2O (29) 
1544±308 O2 (61) 
2214±340 H2O This work 

VSMOW Earth 2625 H2O 



Table S3. 
Measurements of 16O/18O throughout the solar system. 

Isotope ratio Molecule Reference 
Sun 499±119 O (53) 
Jupiter 243±203 H2O (57) 
Venus 500±26 H2O (80) 
Mars 490±25 H2O (70) 
Chondrites CI 497.5±0.2 

H2O (59,60) 

CM 481.24±0.93 
CV 485.6 
CO 483.3±5.0 
CR 482.4±1.0 
EH 481.3±1.0 
EL 478.5±2.0 

Saturn’s 
moons 

Titan 486±22 CO (66) 

OCCs 

1P/Halley 
518±45 H2O (72) 
470±40 H2O (73) 

C/2009 P1 523±32 H2O (77) 
C/2002 T7 425±55 H2O (78) 
C/2014 499±24 H2O (15) 

JFCs 

103P/H2 500±50 H2O (6) 

67P/C-G 

494±8 CO2 (63) 
495±40 CH3OH (61) 
345±40 O2 (61) 
256±100 H2CO (61) 
239±52 SO (61) 
248±88 SO2 (61) 
277±70 OCS (61) 
495±40 Dust (62) 
445±35 H2O (36) 
392±73 H2O This work 

VSMOW Earth 486.6 H2O 



Table S4. 
Parameters and their respective prior probability distributions for fits to the mass 19 DFMS data. 
Normal(mean, std) denotes a Gaussian probability distribution in terms of the mean and standard 
deviation and Uniform(lower, upper) denotes a flat uniform probability distribution in terms of 
lower and upper bounds. The p0 mean and standard deviation are set based on the values in the 
data header.   

Parameter Description Prior Probability Distribution 

p0 Pixel where the 
commanded mass m0 is 
located 

Normal(ROSINA_DFMS_SCI_SELF_PIXEL0_A, 
ROSINA_DFMS_SCI_SELF_PIXEL0_UNCA) 

D Dispersion factor Uniform(120000, 130000) 

z Zoom factor Normal(6.6, 0.2) 

log10(c) Width of first Gaussian Uniform(0,2) 

log10(ai) Logarithm of the 
amplitude of first Gaussian 
for the i-th species, used 
for F, 18OH, H217O, HDO, 
and H3O+

Uniform(–5, 5) 



Table S5. 
Comparison of measurements reported in (10, 32, and 34) with the results from this work. The 
quality note indicates which measurements were excluded from our analysis due to the large 
uncertainty in the fit to mass 19 using NS methods described above. 

Date and time of 
measurement Published Error This work Error Ref. Quality 

note 
2014-09-04T18:14:25.920 5.69 x 10-4 1.14 x 10-4 5.68 x 10-4 4.44 x 10-5 (10) Excluded 
2014-09-04T18:35:42.807 3.97 x 10-4 7.93 x 10-5 5.27 x 10-4 4.30 x 10-5 (10) Excluded 
2014-09-04T18:57:01.864 5.52 x 10-4 1.10 x 10-4 6.04 x 10-4 4.86 x 10-5 (10) Excluded 
2014-09-04T19:18:22.708 6.27 x 10-4 1.25 x 10-4 6.05 x 10-4 4.72 x 10-5 (10) Excluded 
2014-09-04T19:39:45.714 5.65 x 10-4 1.13 x 10-4 6.50 x 10-4 5.08 x 10-5 (10) Excluded 
2014-09-04T20:00:56.793 6.71 x 10-4 1.34 x 10-4 5.97 x 10-4 4.67 x 10-5 (10) Excluded 
2014-09-04T20:22:21.880 5.48 x 10-4 1.10 x 10-4 5.40 x 10-4 4.22 x 10-5 (10) 
2014-09-04T20:43:32.997 6.76 x 10-4 1.35 x 10-4 5.77 x 10-4 4.50 x 10-5 (10) 
2014-09-04T21:05:03.852 5.69 x 10-4 1.14 x 10-4 5.31 x 10-4 4.15 x 10-5 (10) 
2014-09-04T21:26:16.920 5.86 x 10-4 1.17 x 10-4 5.37 x 10-4 4.19 x 10-5 (10) 
2014-09-04T23:22:33.968 5.32 x 10-4 1.06 x 10-4 4.72 x 10-4 3.70 x 10-5 (10) 
2014-09-04T23:52:41.046 5.36 x 10-4 1.07 x 10-4 4.63 x 10-4 3.62 x 10-5 (10) 
2014-09-05T00:14:05.953 4.64 x 10-4 9.29 x 10-5 4.92 x 10-4 3.88 x 10-5 (10) 
2014-09-05T00:35:24.784 5.44 x 10-4 1.09 x 10-4 4.74 x 10-4 3.70 x 10-5 (10) 
2014-09-05T01:18:00.448 5.40 x 10-4 1.08 x 10-4 7.12 x 10-4 5.56 x 10-5 (10) Excluded 
2014-09-05T01:39:17.328 5.20 x 10-4 1.04 x 10-4 5.65 x 10-4 4.41 x 10-5 (10) 
2014-09-05T02:00:36.124 5.86 x 10-4 1.17 x 10-4 6.20 x 10-4 4.84 x 10-5 (10) Excluded 
2014-09-05T02:21:54.966 5.28 x 10-4 1.06 x 10-4 6.21 x 10-4 4.85 x 10-5 (10) 
2014-09-05T02:43:09.883 5.44 x 10-4 1.09 x 10-4 5.73 x 10-4 4.47 x 10-5 (10) 
2014-09-05T03:04:34.712 5.65 x 10-4 1.13 x 10-4 6.10 x 10-4 4.77 x 10-5 (10) 
2014-09-05T03:25:57.479 5.52 x 10-4 1.10 x 10-4 6.85 x 10-4 5.35 x 10-5 (10) Excluded 
2014-09-05T03:47:20.399 5.86 x 10-4 1.17 x 10-4 6.43 x 10-4 5.03 x 10-5 (10) Excluded 
2014-09-05T04:08:39.244 5.32 x 10-4 1.06 x 10-4 5.31 x 10-4 4.15 x 10-5 (10) Excluded 
2014-09-05T04:30:06.171 5.40 x 10-4 1.08 x 10-4 5.22 x 10-4 4.08 x 10-5 (10) Excluded 
2014-09-05T04:51:22.951 5.60 x 10-4 1.12 x 10-4 4.83 x 10-4 3.77 x 10-5 (10) Excluded 
2014-09-05T05:12:33.868 5.56 x 10-4 1.11 x 10-4 4.91 x 10-4 3.86 x 10-5 (10) Excluded 
2015-05-06T12:27:40.900 5.54 x 10-4 1.11 x 10-4 6.51 x 10-4 5.09 x 10-5 (32) Excluded 
2015-05-07T22:56:23.692 5.58 x 10-4 1.12 x 10-4 5.07 x 10-4 3.96 x 10-5 (32) 
2015-05-08T01:26:21.876 5.26 x 10-4 1.05 x 10-4 4.39 x 10-4 3.43 x 10-5 (32) 
2015-05-10T02:00:00.653 4.58 x 10-4 9.16 x 10-5 5.09 x 10-4 3.98 x 10-5 (32) 
2015-05-10T10:35:13.035 4.97 x 10-4 9.94 x 10-5 9.99 x 10-4 7.80 x 10-5 (32) 
2015-05-10T14:53:59.713 5.16 x 10-4 1.03 x 10-4 5.03 x 10-4 3.93 x 10-5 (32)



Date and time of 
measurement Published Error This work Error Ref. Quality 

note 
2015-05-10T21:00:15.851 5.56 x 10-4 1.11 x 10-4 5.63 x 10-4 4.40 x 10-5 (32) 
2015-05-11T01:16:50.110 4.99 x 10-4 9.98 x 10-5 9.08 x 10-4 7.09 x 10-5 (32) 
2015-05-11T05:17:58.250 5.40 x 10-4 1.08 x 10-4 6.99 x 10-4 5.46 x 10-5 (32) Excluded 
2015-05-14T22:53:37.044 5.33 x 10-4 1.07 x 10-4 9.53 x 10-4 7.44 x 10-5 (32) 
2015-05-14T19:56:36.763 4.90 x 10-4 9.79 x 10-5 6.71 x 10-4 5.24 x 10-5 (32) Excluded 
2015-05-15T01:09:37.764 4.46 x 10-4 8.92 x 10-5 4.39 x 10-4 3.43 x 10-5 (32) Excluded 
2015-05-15T11:51:38.813 4.87 x 10-4 9.75 x 10-5 9.99 x 10-4 7.80 x 10-5 (32) 
2015-05-15T22:06:40.996 5.11 x 10-4 1.02 x 10-4 8.91 x 10-4 6.96 x 10-5 (32) 
2015-05-16T16:38:23.629 5.09 x 10-4 1.02 x 10-4 5.90 x 10-4 4.61 x 10-5 (32) 
2015-05-17T04:50:28.137 4.96 x 10-4 9.92 x 10-5 7.08 x 10-4 5.53 x 10-5 (32) Excluded 
2015-05-17T12:45:46.434 4.57 x 10-4 9.13 x 10-5 8.76 x 10-4 6.84 x 10-5 (32) 
2015-05-18T04:32:39.210 5.19 x 10-4 1.04 x 10-4 8.35 x 10-4 6.52 x 10-5 (32) 
2015-05-18T09:33:33.114 4.46 x 10-4 8.91 x 10-5 8.75 x 10-4 6.83 x 10-5 (32) 
2015-05-18T19:36:40.706 4.76 x 10-4 9.52 x 10-5 6.54 x 10-4 5.11 x 10-5 (32) 
2015-05-19T06:23:46.410 5.61 x 10-4 1.12 x 10-4 5.43 x 10-4 4.24 x 10-5 (32) 
2015-05-19T06:23:46.410 5.04 x 10-4 1.01 x 10-4 5.43 x 10-4 4.24 x 10-5 (32) 
2015-05-21T02:18:36.049 4.86 x 10-4 9.73 x 10-5 7.33 x 10-4 5.73 x 10-5 (32) Excluded 
2015-05-21T14:41:54.668 4.52 x 10-4 9.03 x 10-5 7.70 x 10-4 6.01 x 10-5 (32) Excluded 
2015-05-23T16:22:31.801 4.90 x 10-4 9.81 x 10-5 7.88 x 10-4 6.15 x 10-5 (32) Excluded 
2015-05-23T23:59:31.717 5.16 x 10-4 1.03 x 10-4 6.42 x 10-4 5.01 x 10-5 (32) 
2015-05-23T23:59:31.717 4.49 x 10-4 8.98 x 10-5 6.42 x 10-4 5.01 x 10-5 (32) 
2015-05-24T04:17:42.597 4.68 x 10-4 9.37 x 10-5 6.46 x 10-4 5.04 x 10-5 (32) 
2015-05-24T13:21:54.892 5.38 x 10-4 1.08 x 10-4 8.13 x 10-4 6.35 x 10-5 (32) 
2015-05-25T07:28:07.326 5.42 x 10-4 1.08 x 10-4 5.52 x 10-4 4.31 x 10-5 (32) 
2015-05-25T09:37:00.196 5.23 x 10-4 1.05 x 10-4 5.59 x 10-4 4.37 x 10-5 (32) 
2015-05-25T06:45:11.963 4.88 x 10-4 9.76 x 10-5 5.71 x 10-4 4.46 x 10-5 (32) 
2015-05-26T04:27:06.666 5.29 x 10-4 1.06 x 10-4 5.52 x 10-4 4.31 x 10-5 (32) Excluded 
2015-05-26T01:34:56.778 5.16 x 10-4 1.03 x 10-4 4.94 x 10-4 3.86 x 10-5 (32) 
2015-05-26T00:51:53.351 4.83 x 10-4 9.67 x 10-5 4.89 x 10-4 3.82 x 10-5 (32) Excluded 
2015-05-26T08:28:31.910 4.59 x 10-4 9.19 x 10-5 5.38 x 10-4 4.20 x 10-5 (32) 
2015-05-26T21:55:06.909 5.03 x 10-4 1.01 x 10-4 4.53 x 10-4 3.57 x 10-5 (32) 
2015-05-31T00:33:29.389 4.98 x 10-4 9.95 x 10-5 7.10 x 10-4 5.55 x 10-5 (32) 
2015-05-31T23:32:41.122 5.61 x 10-4 1.12 x 10-4 8.89 x 10-4 6.95 x 10-5 (32) 
2015-06-01T00:16:01.182 5.95 x 10-4 1.19 x 10-4 9.47 x 10-4 7.40 x 10-5 (32) 
2015-07-30T11:47:17.979 5.22 x 10-4 1.04 x 10-4 5.48 x 10-4 4.28 x 10-5 (32) Excluded 
2015-07-30T18:26:18.990 5.22 x 10-4 1.04 x 10-4 3.19 x 10-4 2.49 x 10-5 (32) 
2015-07-31T15:35:23.375 5.28 x 10-4 1.06 x 10-4 3.33 x 10-4 2.60 x 10-5 (32) Excluded 



Date and time of 
measurement Published Error This work Error Ref. Quality 

note 
2015-08-01T20:48:26.221 5.63 x 10-4 1.13 x 10-4 2.91 x 10-4 2.27 x 10-5 (32) 
2015-08-02T09:53:16.112 5.37 x 10-4 1.07 x 10-4 3.50 x 10-4 2.73 x 10-5 (32) 
2015-08-04T11:25:20.637 5.59 x 10-4 1.12 x 10-4 3.52 x 10-4 2.75 x 10-5 (32) 
2015-08-05T10:54:16.634 5.02 x 10-4 1.00 x 10-4 2.89 x 10-4 2.25 x 10-5 (32) 
2015-08-05T15:21:18.907 4.96 x 10-4 9.91 x 10-5 2.70 x 10-4 2.11 x 10-5 (32) 
2015-08-05T18:56:19.426 4.52 x 10-4 9.04 x 10-5 3.24 x 10-4 2.53 x 10-5 (32) 
2015-08-06T15:22:18.612 4.61 x 10-4 9.22 x 10-5 2.81 x 10-4 2.20 x 10-5 (32) 
2015-08-06T12:30:18.412 5.33 x 10-4 1.07 x 10-4 2.93 x 10-4 2.29 x 10-5 (32) 
2015-08-06T19:08:17.060 4.85 x 10-4 9.70 x 10-5 3.13 x 10-4 2.45 x 10-5 (32) 
2015-08-07T13:59:21.973 4.91 x 10-4 9.83 x 10-5 3.32 x 10-4 2.59 x 10-5 (32) 
2015-08-09T16:54:20.667 4.57 x 10-4 9.13 x 10-5 5.64 x 10-4 4.41 x 10-5 (32) Excluded 
2015-08-10T10:59:05.748 4.48 x 10-4 8.96 x 10-5 3.56 x 10-4 2.78 x 10-5 (32) Excluded 
2015-08-10T18:10:16.196 4.83 x 10-4 9.65 x 10-5 4.26 x 10-4 3.33 x 10-5 (32) Excluded 
2015-08-13T09:38:51.836 4.76 x 10-4 9.52 x 10-5 4.49 x 10-4 3.51 x 10-5 (32) Excluded 
2015-08-13T09:38:51.836 5.04 x 10-4 1.01 x 10-4 4.49 x 10-4 3.51 x 10-5 (32) Excluded 
2015-08-14T00:09:46.027 5.33 x 10-4 1.07 x 10-4 4.19 x 10-4 3.28 x 10-5 (32) Excluded 
2015-08-15T07:42:30.018 4.78 x 10-4 9.57 x 10-5 3.96 x 10-4 3.09 x 10-5 (32) Excluded 
2015-08-16T04:51:35.541 5.57 x 10-4 1.11 x 10-4 4.71 x 10-4 3.68 x 10-5 (32) Excluded 
2015-08-17T00:58:49.033 4.57 x 10-4 9.13 x 10-5 2.75 x 10-4 2.15 x 10-5 (32) Excluded 
2015-08-17T23:04:26.419 4.72 x 10-4 9.43 x 10-5 4.16 x 10-4 3.25 x 10-5 (32) Excluded 
2015-08-19T10:55:16.405 4.54 x 10-4 9.09 x 10-5 2.06 x 10-4 1.61 x 10-5 (32) Excluded 
2015-08-20T07:20:55.890 4.74 x 10-4 9.48 x 10-5 2.38 x 10-4 1.86 x 10-5 (32) 
2015-08-20T10:21:58.079 5.46 x 10-4 1.09 x 10-4 5.32 x 10-4 4.15 x 10-5 (32) Excluded 
2015-08-20T21:17:40.801 5.54 x 10-4 1.11 x 10-4 3.70 x 10-4 2.89 x 10-5 (32) Excluded 
2015-08-21T00:52:53.473 4.96 x 10-4 9.91 x 10-5 4.71 x 10-4 3.68 x 10-5 (32) Excluded 
2015-08-22T11:37:27.460 4.83 x 10-4 9.65 x 10-5 3.18 x 10-4 2.48 x 10-5 (32) Excluded 
2015-08-22T18:47:27.835 4.63 x 10-4 9.26 x 10-5 3.09 x 10-4 2.41 x 10-5 (32) 
2015-08-23T12:45:15.888 5.15 x 10-4 1.03 x 10-4 3.34 x 10-4 2.61 x 10-5 (32) 
2015-08-23T19:56:25.361 5.09 x 10-4 1.02 x 10-4 2.92 x 10-4 2.29 x 10-5 (32) 
2015-08-25T07:06:53.153 5.20 x 10-4 1.04 x 10-4 2.97 x 10-4 2.32 x 10-5 (32) 
2015-08-25T13:34:32.784 4.96 x 10-4 9.91 x 10-5 3.12 x 10-4 2.44 x 10-5 (32) Excluded 
2015-08-24T19:37:54.815 4.65 x 10-4 9.30 x 10-5 4.27 x 10-4 3.34 x 10-5 (32) Excluded 
2015-08-28T03:46:45.025 4.91 x 10-4 9.83 x 10-5 2.52 x 10-4 1.97 x 10-5 (32) Excluded 
2015-08-28T08:46:35.291 5.43 x 10-4 1.09 x 10-4 2.73 x 10-4 2.14 x 10-5 (32) 
2015-08-28T12:21:31.492 5.11 x 10-4 1.02 x 10-4 2.38 x 10-4 1.86 x 10-5 (32) 
2015-08-28T18:59:35.878 4.98 x 10-4 9.96 x 10-5 1.94 x 10-4 1.51 x 10-5 (32) Excluded 
2015-08-30T02:34:04.848 4.52 x 10-4 9.04 x 10-5 2.53 x 10-4 1.98 x 10-5 (32) Excluded 



Date and time of 
measurement Published Error This work Error Ref. Quality 

note 
2015-08-30T09:42:47.213 4.93 x 10-4 9.87 x 10-5 2.33 x 10-4 1.82 x 10-5 (32) 
2015-08-29T20:50:47.369 4.65 x 10-4 9.30 x 10-5 4.37 x 10-4 3.42 x 10-5 (32) Excluded 
2015-08-30T13:17:59.456 4.74 x 10-4 9.48 x 10-5 2.65 x 10-4 2.07 x 10-5 (32) 
2015-08-31T00:05:10.087 4.61 x 10-4 9.22 x 10-5 2.40 x 10-4 1.87 x 10-5 (32) 
2015-08-30T16:55:59.612 5.28 x 10-4 1.06 x 10-4 2.46 x 10-4 1.93 x 10-5 (32) 
2015-08-30T20:29:59.837 5.13 x 10-4 1.03 x 10-4 2.47 x 10-4 1.93 x 10-5 (32) 
2015-09-02T11:47:15.669 4.59 x 10-4 9.17 x 10-5 2.64 x 10-4 2.06 x 10-5 (32) 
2015-09-02T15:22:07.871 4.78 x 10-4 9.57 x 10-5 2.45 x 10-4 1.91 x 10-5 (32) 
2015-09-03T01:36:35.634 4.87 x 10-4 9.74 x 10-5 2.85 x 10-4 2.23 x 10-5 (32) 
2015-09-02T22:43:57.452 5.00 x 10-4 1.00 x 10-4 2.90 x 10-4 2.26 x 10-5 (32) Excluded 
2015-09-03T15:23:00.356 5.20 x 10-4 1.04 x 10-4 3.08 x 10-4 2.40 x 10-5 (32) 
2015-09-04T06:04:42.583 5.43 x 10-4 1.09 x 10-4 2.30 x 10-4 1.79 x 10-5 (32) 
2015-09-03T22:44:42.236 5.85 x 10-4 1.17 x 10-4 5.26 x 10-4 4.11 x 10-5 (32) Excluded 
2015-12-03T07:20:36.195 5.74 x 10-4 1.15 x 10-4 3.59 x 10-4 2.80 x 10-5 (32) 
2015-12-03T08:53:53.915 5.77 x 10-4 1.15 x 10-4 3.83 x 10-4 3.00 x 10-5 (34) 
2015-12-03T10:18:38.662 4.42 x 10-4 8.84 x 10-5 6.04 x 10-4 4.72 x 10-5 (34) Excluded 
2015-12-03T12:46:33.742 4.89 x 10-4 9.78 x 10-5 3.78 x 10-4 2.96 x 10-5 (34) 
2016-02-28T02:43:07.643 5.77 x 10-4 1.15 x 10-4 4.30 x 10-4 3.40 x 10-5 (32) Excluded 
2016-02-28T04:09:16.641 4.42 x 10-4 8.84 x 10-5 6.12 x 10-4 4.78 x 10-5 (32) Excluded 
2016-02-28T16:55:04.316 4.85 x 10-4 9.71 x 10-5 3.57 x 10-4 2.79 x 10-5 (32) 
2016-02-28T21:22:51.946 4.85 x 10-4 9.71 x 10-5 5.86 x 10-4 4.58 x 10-5 (32) Excluded 
2016-03-01T01:22:56.265 5.47 x 10-4 1.09 x 10-4 3.48 x 10-4 2.71 x 10-5 (32) 
2016-03-01T21:28:56.332 4.98 x 10-4 9.97 x 10-5 3.46 x 10-4 2.70 x 10-5 (32) 
2016-03-01T22:12:19.827 4.39 x 10-4 8.79 x 10-5 4.08 x 10-4 3.18 x 10-5 (32) Excluded 
2016-03-02T10:55:24.847 5.14 x 10-4 1.03 x 10-4 2.90 x 10-4 2.26 x 10-5 (32) 
2016-03-02T17:09:11.164 5.38 x 10-4 1.08 x 10-4 3.21 x 10-4 2.51 x 10-5 (32) 
2016-03-03T15:28:43.534 4.63 x 10-4 9.27 x 10-5 3.49 x 10-4 2.73 x 10-5 (32) 
2016-03-04T02:36:37.079 5.03 x 10-4 1.01 x 10-4 4.22 x 10-4 3.30 x 10-5 (32) 
2016-03-04T22:24:15.604 5.16 x 10-4 1.03 x 10-4 6.38 x 10-4 4.99 x 10-5 (32) Excluded 
2016-03-05T23:51:23.672 5.05 x 10-4 1.01 x 10-4 3.54 x 10-4 2.76 x 10-5 (32) 
2016-03-06T07:44:53.859 5.35 x 10-4 1.07 x 10-4 3.42 x 10-4 2.67 x 10-5 (32) 
2016-03-06T16:55:58.808 5.55 x 10-4 1.11 x 10-4 5.82 x 10-4 4.55 x 10-5 (32) Excluded 
2016-03-06T15:17:05.287 4.91 x 10-4 9.83 x 10-5 5.50 x 10-4 4.30 x 10-5 (32) Excluded 
2016-03-07T09:13:23.939 4.54 x 10-4 9.09 x 10-5 4.00 x 10-4 3.12 x 10-5 (32) Excluded 
2016-03-07T21:06:48.488 5.35 x 10-4 1.07 x 10-4 3.01 x 10-4 2.35 x 10-5 (32) 
2016-03-08T07:09:13.447 4.80 x 10-4 9.61 x 10-5 3.52 x 10-4 2.75 x 10-5 (32) 
2016-03-08T14:40:11.610 4.80 x 10-4 9.61 x 10-5 5.85 x 10-4 4.57 x 10-5 (32) Excluded 



Date and time of 
measurement Published Error This work Error Ref. Quality 

note 
2016-03-09T06:07:33.825 5.44 x 10-4 1.09 x 10-4 4.39 x 10-4 3.43 x 10-5 (32) Excluded 
2016-03-10T12:35:30.139 5.30 x 10-4 1.06 x 10-4 6.57 x 10-4 5.13 x 10-5 (32) Excluded 
2016-03-10T18:27:09.070 4.76 x 10-4 9.52 x 10-5 4.57 x 10-4 3.57 x 10-5 (32) 
2016-03-09T19:20:39.237 4.28 x 10-4 8.56 x 10-5 3.66 x 10-4 2.86 x 10-5 (32) 
2016-03-11T14:00:40.890 4.54 x 10-4 9.08 x 10-5 4.50 x 10-4 3.52 x 10-5 (32) 
2016-03-12T15:34:53.179 4.89 x 10-4 9.77 x 10-5 2.36 x 10-4 1.84 x 10-5 (32) 
2016-03-11T22:24:59.212 5.30 x 10-4 1.06 x 10-4 3.71 x 10-4 2.90 x 10-5 (32) 
2016-03-12T15:34:53.179 5.30 x 10-4 1.06 x 10-4 2.36 x 10-4 1.84 x 10-5 (32) 
2016-03-12T22:24:51.847 5.37 x 10-4 1.07 x 10-4 3.03 x 10-4 2.36 x 10-5 (32) 
2016-03-13T00:34:18.741 4.80 x 10-4 9.60 x 10-5 3.21 x 10-4 2.51 x 10-5 (32) 
2016-03-13T11:42:48.733 5.17 x 10-4 1.03 x 10-4 4.19 x 10-4 3.28 x 10-5 (32) 
2016-03-13T20:41:54.171 5.19 x 10-4 1.04 x 10-4 5.34 x 10-4 4.17 x 10-5 (32) Excluded 
2016-03-14T03:51:16.292 4.58 x 10-4 9.16 x 10-5 3.98 x 10-4 3.11 x 10-5 (32) 
2016-03-14T16:48:37.968 4.80 x 10-4 9.60 x 10-5 3.78 x 10-4 2.96 x 10-5 (32) 
2016-03-14T19:42:02.680 4.49 x 10-4 8.98 x 10-5 6.97 x 10-4 5.44 x 10-5 (32) Excluded 
2016-03-15T22:13:58.818 4.71 x 10-4 9.42 x 10-5 4.58 x 10-4 3.58 x 10-5 (32) Excluded 
2016-03-16T17:53:00.031 4.53 x 10-4 9.07 x 10-5 4.43 x 10-4 3.46 x 10-5 (32) 
2016-03-17T23:04:44.733 4.71 x 10-4 9.42 x 10-5 3.33 x 10-4 2.60 x 10-5 (32) 
2016-03-18T08:58:23.509 5.43 x 10-4 1.09 x 10-4 4.74 x 10-4 3.70 x 10-5 (32) Excluded 
2016-03-18T19:31:59.544 5.60 x 10-4 1.12 x 10-4 3.83 x 10-4 2.99 x 10-5 (32) 
2016-03-19T23:08:26.799 5.06 x 10-4 1.01 x 10-4 3.84 x 10-3 3.00 x 10-4 (32) Excluded 
2016-03-21T01:04:12.620 5.62 x 10-4 1.12 x 10-4 4.47 x 10-4 3.49 x 10-5 (32) 
2016-03-21T10:40:08.141 5.25 x 10-4 1.05 x 10-4 4.11 x 10-4 3.21 x 10-5 (32) Excluded 
2016-03-21T17:29:47.010 4.86 x 10-4 9.71 x 10-5 4.43 x 10-4 3.46 x 10-5 (32) Excluded 
2016-03-22T02:52:01.201 4.49 x 10-4 8.97 x 10-5 4.35 x 10-4 3.40 x 10-5 (32) 
2016-03-22T14:41:36.841 5.29 x 10-4 1.06 x 10-4 4.23 x 10-4 3.31 x 10-5 (32) 
2016-03-15T04:19:59.841 5.70 x 10-4 1.14 x 10-4 4.21 x 10-4 3.29 x 10-5 (34) 
2016-03-15T05:03:15.333 5.13 x 10-4 1.03 x 10-4 6.00 x 10-4 4.69 x 10-5 (34) Excluded 
2016-03-15T19:11:45.817 4.02 x 10-4 8.04 x 10-5 3.46 x 10-4 2.70 x 10-5 (34) 
2016-03-15T00:41:09.901 5.40 x 10-4 1.08 x 10-4 6.94 x 10-4 5.42 x 10-5 (34) Excluded 
2016-03-15T21:30:53.149 5.74 x 10-4 1.15 x 10-4 3.90 x 10-4 3.04 x 10-5 (34) Excluded 
2016-03-16T07:14:35.098 7.00 x 10-4 1.40 x 10-4 4.10 x 10-4 3.20 x 10-5 (34) Excluded 
2016-03-16T07:58:33.113 5.68 x 10-4 1.14 x 10-4 4.34 x 10-4 3.39 x 10-5 (34) Excluded 
2016-03-20T06:52:57.621 5.11 x 10-4 1.02 x 10-4 6.54 x 10-4 5.11 x 10-5 (34) Excluded 
2016-03-21T02:58:29.225 4.90 x 10-4 9.80 x 10-5 5.19 x 10-4 4.05 x 10-5 (34) 
2016-03-21T03:50:27.260 5.02 x 10-4 1.00 x 10-4 6.74 x 10-4 5.27 x 10-5 (34) Excluded 
2016-03-21T04:33:42.808 6.18 x 10-4 1.24 x 10-4 6.57 x 10-4 5.13 x 10-5 (34) Excluded 



Date and time of 
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2016-03-21T05:16:54.306 4.48 x 10-4 8.96 x 10-5 4.85 x 10-4 3.79 x 10-5 (34) 
2016-03-21T09:57:18.632 5.39 x 10-4 1.08 x 10-4 5.18 x 10-4 4.05 x 10-5 (34) Excluded 



Table S6. 
Correlations, c, from Figure 3 of the main article. Strong correlations (c ³ 0.5) and anti-
correlations (c £ –0.5) are bolded. Weak correlations (0.2 £ c £ 0.5) and anti-correlations (–0.5 £ 
c £ –0.2) are italicized. 

 Pre-
perihelion D/H 16O/17O 16O/18O CO CH4 HCN Dist. SS Lat. 
3a D/H 1.000 –0.714 –0.327 –0.423 –0.281 –0.411 –0.187 0.538 
3a 16O/17O 1.000 0.420 0.520 0.283 0.459 0.051 –0.514
3a 16O/18O 1.000 –0.191 –0.011 –0.264 0.338 0.009 
3a CO 1.000 0.341 0.911 –0.388 –0.601
3a CH4 1.000 0.267 0.037 –0.304
3a HCN 1.000 –0.427 –0.622
3a Distance 1.000 0.391 
3a SS Lat. 1.000 
Pre-perihelion D/H 16O/17O 16O/18O CO CH4 HCN Dist. SS Lat. 
3b D/H 1.000 –0.696 -0.150 –0.415 –0.176 –0.047 –0.461 0.312 
3b 16O/17O 1.000 0.562 0.115 0.105 –0.138 0.157 0.123 
3b 16O/18O 1.000 –0.470 –0.119 –0.526 –0.441 0.577 
3b CO 1.000 0.652 0.795 0.615 –0.485
3b CH4 1.000 0.416 0.255 –0.095
3b HCN 1.000 0.417 -0.317
3b Distance 1.000 -0.693
3b SS Lat. 1.000 
Perihelion D/H 16O/17O 16O/18O CO CH4 HCN Dist. SS Lat. 
3c D/H 1.000 –0.529 –0.775 0.002 0.023 0.141 –0.048 –0.152
3c 16O/17O 1.000 0.727 0.071 –0.153 –0.177 –0.095 0.477 
3c 16O/18O 1.000 0.164 0.078 –0.018 0.182 0.182 
3c CO 1.000 0.744 0.712 0.377 –0.181
3c CH4 1.000 0.770 0.524 –0.485
3c HCN 1.000 0.471 –0.450
3c Distance 1.000 –0.449
3c SS Lat. 1.000 



Post-
perihelion D/H 16O/17O 16O/18O CO CH4 HCN Dist. SS Lat. 
3d D/H 1.000 –0.703 –0.648 0.275 0.338 0.409 –0.210 –0.452
3d 16O/17O 1.000 0.586 –0.123 –0.183 –0.251 0.058 0.327 
3d 16O/18O 1.000 –0.359 –0.415 –0.475 0.017 0.422 
3d CO 1.000 0.935 0.827 –0.065 –0.607
3d CH4 1.000 0.891 –0.154 –0.670
3d HCN 1.000 –0.133 –0.525
3d Distance 1.000 –0.146
3d SS Lat. 1.000 



Table S7. 
Average and standard deviation D/H for different time periods and comet distance constraints. 
The skewness indicates whether the distribution is a normal distribution or skewed positively or 
negatively. The number of points included in the average is given as N. 

Average D/H Error Std. dev. Skewness N 

Full mission 6.16 x 10-4 4.81 x 10-5 5.14 x 10-4 2.95 4339 

Dust phase 1, all distances 4.25 x 10-4 1.11 x 10-6 2.43 x 10-4 1.33 1185 

Dust phase 2, all distances 3.75 x 10-4 8.39 x 10-7 9.20 x 10-5 1.66 1290 

Dust phase 3, all distances 9.05 x 10-4 2.02 x 10-6 6.52 x 10-4 2.05 1864 

Pre-perihelion <40 km, 
South 4.85 x 10-4 2.26 x 10-6 1.45 x 10-4 2.42 308 

Pre-perihelion <40 km, 
North 2.13 x 10-3 1.51 x 10-5 7.74 x 10-4 0.53 138 

Post-perihelion <40 km, 
South 3.72 x 10-4 2.27 x 10-6 8.43 x 10-5 4.46 173 

Post-perihelion <40 km, 
North 3.83 x 10-4 2.15 x 10-6 5.30 x 10-5 0.60 198 

Full mission <40 km 7.96 x 10-4 2.15 x 10-6 7.26 x 10-4 2.10 1532 

Full mission <120 km 6.87 x 10-4 1.25 x 10-6 5.71 x 10-4 2.66 3131 

Full mission >120 km 4.32 x 10-4 1.11 x 10-6 2.41 x 10-4 1.25 1208 

Pre-perihelion <120 km 9.15 x 10-4 2.07 x 10-6 6.58 x 10-4 2.01 1811 

Pre-perihelion >120 km 5.33 x 10-4 1.66 x 10-6 2.52 x 10-4 0.69 766 

Post-perihelion <120 km 3.74 x 10-4 8.27 x 10-7 9.14 x 10-5 1.68 1320 

Post-perihelion >120 km 2.59 x 10-4 9.73 x 10-7 3.63 x 10-5 0.10 442 

Previously published 5.01 x 10-4 0.41 x 10-4 n/a n/a 150 



Table S8. 
Average, error on the mean, and standard deviation 16O/17O for different time periods and comet 
distance constraints. The skewness indicates whether the distribution is a normal distribution or 
skewed positively or negatively. The number of points included in the average is given as N. 

Average 
16O/17O Error Std. dev. Skewness N 

Full mission 1811 142 465 0.78 4339 

Dust phase 1, all distances 1885 4 439 0.48 1185 

Dust phase 2, all distances 1772 4 273 1.03 1290 

Dust phase 3, all distances 1790 3 569 0.76 1864 

Pre-perihelion <40 km, 
South 2139 10 523 0.72 308 

Pre-perihelion <40 km, 
North 1192 8 218 0.46 138 

Post-perihelion <40 km, 
South 1776 11 244 0.55 173 

Post-perihelion <40 km, 
North 1738 10 183 0.77 198 

Full mission <40 km 1698 4 451 0.89 1532 

Full mission <120 km 1784 3 472 0.91 3131 

Full mission >120 km 1880 4 438 0.48 1208 

Pre-perihelion <120 km 1791 3 575 0.76 1811 

Pre-perihelion >120 km 1687 5 367 0.55 766 

Post-perihelion <120 km 1775 4 272 1.02 1320 

Post-perihelion >120 km 2214 8 340 1.51 442 

Previously published 2347 191 n/a n/a 150 



Table S9. 
Average and standard deviation 16O/18O for different time periods and comet distance 
constraints. The skewness indicates whether the distribution is a normal distribution or skewed 
positively or negatively. The number of points included in the average is given as N. 

Average 
16O/18O 

Error Std. dev. Skewness N 

Full mission 392 32 60 0.42 9177 

Dust phase 1, all distances 383 1 58 -0.33 1185 

Dust phase 2, all distances 435 1 52 -0.43 1290 

Dust phase 3, all distances 402 1 55 1.57 1864 

Pre-perihelion <40 km, 
South 391 2 40 1.27 308 

Pre-perihelion <40 km, 
North 398 3 50 0.49 138 

Post-perihelion <40 km, 
South 436 3 62 -0.76 173 

Post-perihelion <40 km, 
North 434 3 45 -0.50 198 

Full mission <40 km 360 0 53 0.31 4025 

Full mission <120 km 416 1 56 0.74 3131 

Full mission >120 km 382 1 58 -0.31 1208 

Pre-perihelion <120 km 403 1 54 1.68 1811 

Pre-perihelion >120 km 376 1 47 -0.76 766 

Post-perihelion <120 km 434 1 52 -0.40 1320 

Post-perihelion >120 km 392 2 73 -0.33 442 

Previously published 445 35 n/a n/a 3820 



Data S1. (separate file) 
This dataset is a csv file containing the water isotope ratios, the uncertainty of each 
measurement, the time of the measurements, the distance from the Sun in AU, from the nucleus 
in km, and the subspacecraft latitude. 
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