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Dissolved noble gas concentrations in groundwater can
provide valuable information on recharge temperatures and
enable 3H-3He age-dating with the use of physically based
interpretive models. This study presents a large (905 samples)
data set of dissolved noble gas concentrations from drinking
water supply wells throughout California, representing a range
of physiographic, climatic, and water management conditions.
Three common interpretive models (unfractionated air, UA; partial
re-equilibration, PR; and closed system equilibrium, CE)
produce systematically different recharge temperatures or
ages; however, the ability of the different models to fit measured
data within measurement uncertainty indicates that goodness-
of-fit is not a robust indicator for model appropriateness.
Therefore caution is necessary when interpreting model results.
Samples from multiple locations contained significantly
higher Ne and excess air concentrations than reported in the
literature, with maximum excess air tending toward 0.05
cm3 STP g-1 (∆Ne ∼400%). Artificial recharge is the most
plausible cause of the high excess air concentrations. The ability
of artificial recharge to dissolve greater amounts of atmospheric
gases has important implications for oxidation–reduction
dependent chemical reactions. Measured gas concentration
ratios suggest that diffusive degassing may have occurred.
Understanding the physical processes controlling gas dissolution
during groundwater recharge is critical for optimal management
of artificial recharge and for predicting changes in water
quality that can occur following artificial recharge.

Introduction
Concentrations of atmospherically derived noble gases
dissolved in groundwater are used to determine recharge
temperatures which are useful for paleoclimatic studies of
glacial-interglacial temperature variation (1–5). Concentra-

tions of dissolved noble gases in groundwater are virtually
always greater than equilibrium solubility. The portion of
gas in excess of equilibrium solubility is referred to as “excess
air” because of its compositional similarity to air, although
it is commonly fractionated relative to air (heavy gases more
enriched than light gases) (6). Because determinations of
recharge temperature and 3H-3He age are based on equi-
librium gas solubility, total measured gas must be corrected
for excess air. Entrapped soil air near the water table is
generally considered to be the source of excess air (6). These
bubbles dissolve during downward water flux and during
water table fluctuations. Early interpretations of dissolved
gas data assumed excess air resulted from complete dis-
solution of entrapped air (4, 7). Subsequent research sug-
gested that the commonly observed elemental fractionation
of excess air was caused by complete dissolution of entrapped
air and subsequent diffusive degassing (2) or by incomplete
dissolution of entrapped air (8).

Three physically based models are used to interpret
dissolved noble gas concentration data in groundwater: (1)
unfractionated air, UA, model based on complete dissolution
of entrapped air (7), (2) partial re-equilibration, PR, model
based on complete dissolution of entrapped air bubbles
followed by diffusive degassing (2), and (3) closed system
equilibrium, CE, model based on incomplete dissolution of
entrapped air (8). The PR and CE models both simulate excess
air elemental fractionation, but PR fractionation is controlled
by diffusivity whereas CE fractionation is controlled by gas
solubility.

It is generally believed that the CE model best represents
physical processes occurring during recharge (6), although
few studies have systematically compared all three models.
Aeschbach-Hertig et al. (8) showed that the CE model
provided the best fit when comparing models using dissolved
noble gas data from four diverse sites. Peeters et al. (9) used
data from an aquifer in Niger to compare the three models
and found that the CE and PR models both adequately fit
elemental data; however, only the CE model fit isotopic data.

The process interpreted to control gas dissolution during
groundwater recharge can have a significant impact on
calculated recharge temperatures and 3H-3He groundwater
ages (6, 8, 9). For example, incorrectly assuming complete
dissolution of entrapped air (unfractionated excess air) results
in erroneously low 3H-3He ages. Accurate determination of
3H-3He ages require an understanding of the processes
affecting gas dissolution during groundwater recharge.

Understanding gas dissolution during groundwater re-
charge has broad implications for water resources manage-
ment. Regions suffering from water shortages and poor water
quality increasingly rely on (1) reclaimed municipal waste-
water as a source of water, and (2) artificial recharge to store
surface water for later reuse and to improve water quality
(10) (herein we limit the definition of artificial recharge to
recharge from surface sources actively managed to maximize
recharge). Water quality improvement by artificial recharge
largely results from microbially mediated, oxidation–reduc-
tion (redox) dependent degradation of organic compounds
(e.g., trihalomethanes and endocrine-disrupting compounds)
(11). Because of the importance of dissolved oxygen as a
terminal electron acceptor, understanding gas dissolution
processes is especially important for artificially recharged
treated wastewater.

Objectives of this study were as follows: (1) quantify
variability in observed dissolved noble gas concentrations
across the study area, (2) compare measured data to
previously published data, (3) examine possible causes of
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observed variability in dissolved noble gas concentrations,
(4) evaluate ability of interpretive models to fit measured gas
data, and (5) assess implications of these results for ground-
water age-dating and groundwater management. This study
is based on dissolved noble gas data from groundwater basins
throughout California. Unique aspects of the study include
the following: (1) the size of study area which is nearly twice
that of any previous study of dissolved noble gases in
groundwater, (2) the large range of physiographic (Coastal
Plain, Central Valley, Sierra Nevada) and climatic (arid to
humid) regimes, (3) the range of water management regimes
(artificial recharge versus natural recharge), and (4) applica-
tion of various interpretive models to a large and highly
variable data set. The size of this study provides a unique
opportunity to assess factors controlling excess air generation
during groundwater recharge.

Materials and Methods
Overview of Study. Samples evaluated in this study were
collected as part of a statewide, comprehensive assessment
of groundwater contamination vulnerability in California
(www.swrcb.ca.gov/gama). 3H-3He groundwater age was
used in combination with analyses of ubiquitous contami-
nants at ultralow levels to assess the relative probability that
drinking water aquifers will become contaminated with
anthropogenic pollutants. Dissolved noble gas analyses were
used to calculate 3H-3He groundwater ages (12).

Nearly all of the wells in this study are public drinking
water supply wells. There are ∼16,000 public supply wells in
California; wells sampled for this study are a subset from
large metropolitan areas (Los Angeles, San Jose, and Sac-
ramento), as well as several smaller population centers (e.g.,
Bakersfield, Chico, Stockton) and rural areas that rely on
groundwater for drinking water supply (see Supporting
Information for sample locations). Wells were selected
according to the following criteria: (1) spatial distribution
for the groundwater basin, including depth distribution that
represents the exploited aquifers, (2) availability of well
information such as total depth, open intervals, typical
pumping rate, and year of construction, and (3) availability
for sampling during the study period. The sample set almost
exclusively comprises deep (>50 m total depth below ground
surface), long-screened/perforated (>50 m open interval),
high production (>10-2 m3 s-1) wells actively used for drinking
water supply.

Sampling and Analysis. Dissolved noble gas samples were
collected using standard sampling techniques. Samples were
collected by connecting the sample vessel (8 mm i.d. copper
tubing, 250 mm long) to the wellhead of operating (pumping)
wells with clear tygon tubing at full wellhead pressure. Water
flowed for several minutes to purge air bubbles. The copper
tubing was tapped lightly to dislodge bubbles and a visual
inspection for bubbles was made. Steel clamps pinched the
copper tubing flat in two locations to secure the water sample.
Tritium samples were collected in 1 L glass bottles.

Sample analyses were performed at Lawrence Livermore
National Laboratory (LLNL). Reactive gases were removed
with multiple reactive metal getters. Known quantities of
isotopically enriched 22Ne, 86Kr, and 136Xe were added to
provide internal standards. The isotope dilution protocol used
for measuring noble gas concentrations is insensitive to
potential isotopic composition variation in dissolved gases
(especially Ne) from diffusive gas exchange. Noble gases were
separated from one another using cryogenic adsorption.
Helium was analyzed using a VG-5400 noble gas mass
spectrometer. Other noble gas isotopic compositions were
measured using a quadrupole mass spectrometer. The Ar
abundance was determined by measuring the total noble
gas sample pressure using a high-sensitivity capacitive
manometer. The procedure was calibrated using water

samples equilibrated with the atmosphere at a known
temperature and pressure. Tritium concentrations were
determined on 500 g subsamples by the 3He in-growth
method (approximately 15 day accumulation time). Analytical
uncertainties are approximately 1% for 3He/4He, 2% for He,
Ne, and Ar, and 3% for Kr and Xe.

Modeling. The total measured concentration of dissolved
noble gas is the sum of equilibrium, excess air, and radiogenic
components (6). Helium may have an additional radiogenic
component, tritiogenic 3He (6, 12). Addition of excess air has
the greatest relative impact on He and Ne concentrations
because the equilibrium component is relatively small. A
common way to represent the amount of excess air is as
percent Ne, ∆Ne (excess Ne relative to equilibrium com-
ponent) (6).

Helium is commonly excluded from noble gas modeling
because of the presence of radiogenic or tritiogenic sources.
Calculation of equilibrium and excess air components of He
are required to quantify tritiogenic 3He which is used to
calculate 3H-3He groundwater ages (12). Helium concentra-
tions are impacted more by excess air than Ne; therefore, the
model used to determine excess air can have a significant
impact on calculated 3H-3He ages (6).

Measured Ne, Ar, Kr, and Xe concentrations were fitted
by UA, PR, and CE models using NOBLE90 to solve for excess
air, degree of excess air fractionation (in CE and PR models
only), and recharge temperature. NOBLE90 is an error
weighted, least-squares fitting, inverse modeling program
(8, 13). Additional details of the modeling and goodness of
fit criteria are presented in the Supporting Information.

Results and Discussion
Dissolved Ne, Ar, Kr, and Xe were measured on 905 samples.
Dissolved He and 3He/4He were measured in all but one of
the samples, and 3H was measured in all but six samples (see
Supporting Information for measured data and sample
locations).

Spatial Characterization. To spatially characterize the
data, samples were grouped into six geographic regions: (1)
San Francisco Bay Area (SFBA), (2) Los Angeles Basin (LAB),
(3) igneous/volcanic aquifers of northern California (NC),
(4) Mojave Desert Basin (MDB), (5) northern portion of the
Central Valley (NCV), and (6) southern portion of the Central
Valley (SCV) (see Supporting Information for sample loca-
tions). All of the regions are alluvial basins with the exception
of NC. Seasonal timing of precipitation is similar for all
regions, withg80% of precipitation occurring from November
through April. The total amount of precipitation varies greatly
among the six regions (∼150 mm yr-1 in MDB to ∼1000 mm
yr-1 for some NC sample locations).

Dense population and large-scale irrigated agriculture
have led to significant modification of the natural hydrologic
cycle in California. Water is transferred from northern and
eastern portions of California to heavily populated coastal
areas (e.g., SFBA and LAB). Irrigated agriculture has con-
siderably altered the natural groundwater and surface water
flow regimes throughout the Central Valley, where many areas
are severely overdrafted and recharge is dominated by net
irrigation return flow (14). The current situation masks natural
environmental forcing such as precipitation, temperature,
and vegetative cover. Furthermore, because sampled wells
all have long open intervals, samples are composites of waters
recharged under various conditions. Detailed spatial char-
acterization is therefore unrealistic, yet regional differences
in dissolved gas concentrations are apparent.

High Ne concentrations are most commonly associated
with locations having long-term artificial recharge. Major
artificial recharge facilities in LAB, SFBA, and Bakersfield
(which is in the SCV region) have been operational for decades
(15–18). High Ne concentrations in areas impacted by artificial
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recharge contrast sharply with both the remainder of this
data set and also literature data (Figure 1). Literature data
are from studies in a wide range of climatic and hydrogeologic
settings (463 samples from 23 different studies) (1–5, 19–36).
Median Ne concentration in areas impacted by artificial
recharge is 50% greater than that in the literature evaluated,
while in areas not impacted by artificial recharge it is 3% less
than the literature value. In contrast to Ne, all Xe concentra-
tions fall in a relatively narrow range. Spatial differences in
gas concentrations decrease with increasing molecular
weight.

Data from the SCV region point to artificial recharge as
the cause of high Ne concentrations. The SCV region is
relatively uniform in terms of land use (irrigated agriculture),
geology, and climate. However, Bakersfield is the only SCV
area in our study that has a history of intensive artificial
recharge. The mean Ne concentration of samples from
Bakersfield (n ) 43) is 49% greater than samples from the
remainder of SCV (n ) 182).

As noted earlier, excess air has the greatest relative impact
on the lightest gases. The unique data from areas impacted
by artificial recharge indicate large amounts of excess air
that cannot be attributed to sampling (e.g., trapped bubbles
in sampling device) or analytical problems because many of
the samples with high gas concentrations were reanalyzed
and showed good replication.

Noble Gas Models. The UA model is a limiting case of
both models incorporating fractionation; therefore, frac-
tionation models always fit more samples than the UA model.
The fractionation models fit slightly more samples than the
UA model for all regions; however, the greatest difference is
for areas impacted by artificial recharge (Table 1).

Correlation between measured and modeled gas con-
centrations for samples fit by fractionation models was
greatest for Ne (R2

CE ) 0.9998, R2
PR ) 0.9997) and least for

Kr (R2
CE ) 0.982, R2

PR ) 0.984) (see Supporting Information
for plots of modeled versus measured gas concentrations).
Model errors (relative difference between measured and
modeled gas concentrations) between the gases provide
additional insight. Visual inspection of model error scatter
plots reveals correlations (Figure 2). Negative correlation
exists between gases with similar molecular weights (e.g.,
Kr-Xe), which is consistent with model errors produced when
modeling synthetic data.

Excess Air. Of samples fit by the CE model, those in
artificially recharging areas had much higher median excess
air (89% ∆Ne) than samples from nonartificial recharging
areas (28% ∆Ne) (results of the other models are comparable,
see Supporting Information). Samples not fit by the models

tended to have greater average Ne concentrations (by a factor
of 1.6). Inability of the models to fit samples with large Ne
concentrations is reflected in the lower proportion of samples
from artificial recharge areas fit by the models (Table 1). The
reason that models do not fit samples with large Ne
concentrations may be nonequilibrium effects (e.g., gas
dissolution stopping prior to attaining equilibrium between
entrapped gas and dissolved gas). Kinetic factors may control
dissolved gas concentrations (37), especially in locations with
high recharge flux.

Neon, Ar, Kr, and Xe concentrations do not allow one to
clearly differentiate between the CE and PR models. Peeters
et al. (9) explain the benefit of isotopic data for distinguishing
between the CE and PR models; however, isotopic data are
not available in this study. In the absence of isotopic data,
an examination of model-predicted He concentrations can
help differentiate the models. Helium data were not used for
modeling but NOBLE90 outputs predicted He concentrations.
The range of predicted He:Ne ratios from the CE model is
limited because He:Ne in the excess air component can only
range from that of air (0.288) to that of air saturated water
(0.230 at 10 °C), whereas the PR model has a theoretical
lower limit of zero. Over 160 samples—the majority of which
are fit by the PR model—have low measured He:Ne ratios
that cannot be readily explained by either the UA or CE
models (Figure 3). Approximately two-thirds of these samples
are from areas impacted by artificial recharge. The 160
samples represent a minimum number as some samples
may have had low He:Ne ratios immediately after recharge
followed by addition of radiogenic He. These results are
consistent with diffusive degassing; however, elemental ratios
alone can not be considered conclusive evidence of diffusive
degassing. The authors of the present study are unaware of
any groundwater studies that present evidence of dissolved
noble gas fractionation by diffusive degassing, although
studies have shown degassing caused by CO2/CH4 gas
stripping (32, 38).

It is clear that for high excess air concentrations, excess
air is less fractionated (e.g., lower CE model fractionation
factor F values, where F ) v/q, v is the ratio of entrapped gas
volumes in final and initial states, and q is the ratio of dry
gas pressures in entrapped air to that in the atmosphere (8))
(Figure 4). This is expected because pore spaces hold a finite
amount of entrapped air in bubbles and as dissolution of
entrapped air continues the excess air component becomes
decreasingly fractionated until the entrapped air completely
dissolves. The upper bound of excess air observed in this
study is 400-500% ∆Ne or ∼0.05 cm3 at standard temperature
and pressure (STP) per gram of water, cm3 STP g-1 (as air;
Figure 4). This is reasonable given that the amount of
entrapped air in quasi-saturated porous media is >0.05 cm3

STP g-1, as reported from laboratory pycnometer measure-

FIGURE 1. Histogram of Ne concentrations for: literature data
(1–5, 19–36), artificial recharge impacted areas (SFBA, LAB, and
Bakersfield), and nonartificial recharge impacted areas.

TABLE 1. Number of Samples Fit by Each Model for a Given
Region According to Criteria Discussed in the Supporting
Information (AR refers to artificial recharge impacted areas
(i.e., SFBA, LAB, and Bakersfield))

samples fit

area number of samples UA CE PR

SFBA 221 147 148 147
LAB 170 129 147 149
NC 31 27 31 31
MDB 64 57 63 63
NCV 194 179 182 182
SCV 225 195 216 211
AR 434 305 337 338
non-AR 471 429 450 445
total 905 734 787 783
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ments (39) and field experiments using a neutron probe (40).
Stonestrom and Rubin (39) measured entrapped air in
alluvium (i.e., Oakley sand) from the NCV region and reported
a range of 0.09-0.14 cm3 g-1 under capillary saturation at 21
°C (STP values would be even greater because the pressure
of entrapped air was unknown).

Excess air concentrations are strongly correlated with the
CE model parameter q (Figure 4), consistent with results of
Aeschbach-Hertig et al. (41). Aeschbach-Hertig et al. (41)
and Kipfer et al. (6) assert that q is a semiquantitative measure
of hydrostatic pressure exerted on entrapped air and therefore
of water table fluctuations. The upper range of these data
would then indicate water table fluctuations of >20 m
assuming all the pressure was generated hydrostatically
(interfacial tension only produces such high pressures for
bubble radii <0.001 mm). It is unlikely that such large water
table fluctuations naturally occur in any of the study regions.
An alternative mechanism that could generate large q values

(large hydrostatic pressures) is entrainment of entrapped
bubbles in areas of high recharge. Bubbles could be
transported to sufficient depths to cause dissolution of large
amounts of excess air.

3H-3He Age-Dating. The choice of excess air model has
an impact on interpreted 3H-3He groundwater ages, espe-
cially for the youngest waters (12). Normally the excess air
component of He is determined based on Ne data alone and
assumes no gas fractionation (6, 12). Kipfer et al. (6) and
Aeschbach-Hertig et al. (8) demonstrate that the assumption
of no gas fractionation may give unreasonably low ages (even
negative values of tritiogenic He).

The interpreted ages resulting from each of the three
excess air models vary systematically as discussed by Peeters
et al. (9). The oldest age is calculated by PR, the youngest age
is calculated by UA, while the CE model yields ages between
the PR and UA models (see Supporting Information for
histogram of calculated 3H-3He ages). The reason is that the
interpreted excess air component of He is maximized for
unfractionated conditions. A larger excess air component of
He results in a lower interpreted tritiogenic He component

FIGURE 2. Scatter plots of model error (relative difference between modeled and measured gas concentrations) for samples fit by
the CE model. Results from the other models are comparable. Note that analytical uncertainties are approximately 2% for Ne and Ar,
and 3% for Kr and Xe.

FIGURE 3. Element ratios for (1) measured gas concentrations
for artificial recharge impacted areas (AR) and non-AR areas,
and (2) total model-predicted gas concentrations (UA, CE, and
PR). Measured ratios below the cluster of CE points can not be
explained by the UA or CE models and are consistent with
diffusive degassing or other fractionating processes. The UA
model-predicted ratios lie on the line shown. Not all data are
shown at this scale.

FIGURE 4. Relationship between CE model parameters and
excess air. As excess air increases, the degree of fractionation
decreases. Note that the CE model reduces to the UA model
when F ) 0. One data point is not shown at the given scale
(∆Ne ) 737%, F ) 0.031, q ) 5.8).
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for a given total measured amount of He, and a younger
interpreted age. As expected the difference between PR and
CE calculated ages is more pronounced for samples having
higher excess air, for artificial recharge areas the mean
difference is 4.1 yr (n ) 170) versus 3.6 yr for nonartificial
recharge areas (n)144). Samples with 3H<3 pCi L-1, negative
calculated tritiogenic 3He, or calculated ages >55 yr were
excluded. Age-dating calculations assumed radiogenic 3He/
4He ) 2.0 × 10-8 and no mantle derived He.

The differences in interpreted groundwater ages were
greatest for (1) younger samples, and (2) samples with
fractionated excess air. These results are consistent with the
literature (6) and suggest calculating groundwater age without
considering gas fractionation will underestimate groundwater
age, especially if diffusive degassing occurs.

Recharge Temperature. Model recharge temperatures
generally range from lowest to highest in the following order;
UA, CE, PR (Figure 5 and Supporting Information). Because
Xe solubility increases substantially with decreasing tem-
perature, calculated recharge temperature (which is based
on the equilibrium solubility component) tends to be higher
for fractionation models than for the UA model. In other
words, fractionation models tend to produce higher calcu-
lated recharge temperatures than the UA model because more
of the total Xe is attributed to the excess air component (and
less to the equilibrium component) in fractionation models.
An evaluation of the relationship between model recharge
temperature differences and amount of excess air did not
reveal a clear correlation.

The mean calculated recharge temperature of each region
broadly tracks the measured mean annual air temperature
(MAAT) for each of the three models (Figure 5). In virtually
all cases soil temperatures are slightly greater (1-3 °C) than
MAAT; therefore, it is common for NGTs to be greater than
MAAT (6). These data show the opposite relationship, which
is unusual but not unprecedented (33). There are possible
reasons that NGTs are less than MAAT. Groundwater recharge
may reflect winter temperatures rather than MAAT because
of focused seasonal recharge. Spring snowmelt runoff from
uplands (e.g., Sierra Nevada) into the alluvial basins causes
focused recharge from surface channels (rivers, streams,

canals). Also, MAAT data used in this analysis are referenced
to well location rather than recharge location. Detailed
analyses of recharge areas for each well are beyond the scope
of this study; however, it is likely that some groundwater
recharged near basin edges at higher elevations and cooler
temperatures than the wellhead (especially MDB). Further-
more, the assumption that the recharge elevation is the
wellhead elevation may yield incorrect NGTs.

Artificial Recharge. The most plausible reason for the
large excess air concentrations is artificial recharge. Presently
LAB and SFBA artificially recharge ∼4.0 × 108 and >1.0 × 108

m3 yr-1, respectively; which is greater than half of groundwater
pumping for each area (16, 42, 43). Operational procedures
of large-capacity artificial recharge facilities in LAB provide
the necessary conditions to dissolve large amounts of air
(18). Specifically Reichard et al. (42) present data from shallow
wells near artificial recharge facilities in LAB with annual
head fluctuations>10 m (well 2S/12W-14J1 1590F) and Mills
(18) notes a sustained percolation rate of 1.2 m s-1 at an
artificial recharge facility in LAB. Furthermore, Anders and
Schroeder (17) suggest that a measured increase in redox
potential of an artificially recharged groundwater plume in
LAB may be caused by large amounts of excess air.

Management of artificial recharge facilities can have a
major impact on the amount of dissolved gas in recharging
water. Continual buildup of clogging layers on the bottom
of spreading basins necessitates periodic drying to allow
degradation and/or removal of clogging layers (18). Optimal
management balances the effects of increased recharge flux
caused by removal of low permeability clogging layers against
the interruption to recharge caused by basin drying/cleaning.
An additional operational consideration is reduced hydraulic
conductivity following basin drying caused by the presence
of newly entrapped air. Therefore, frequency and duration
of basin drying strongly influence the amount of excess air
in groundwater recharged from artificial recharge facilities.

The majority of samples not fit by the models (75–82%
depending on model) are from areas impacted by artificial
recharge (Table 1). Using such models to determine recharge
parameters of samples in areas impacted by artificial recharge
is challenging. Artificial recharge may occur at temperatures
different from the local average water table temperature due
to seasonal recharging activities and heating of water in
spreading basins. For example, temperatures of surface water
used for artificial recharge in LAB can vary from 10 to 35 °C
annually (44). It is also likely that many well water samples
are mixtures of naturally recharged and artificially recharged
waters. Furthermore, it is unlikely that gas dissolution occurs
under equilibrium conditions under very high recharge fluxes.
Nonequilibrium gas dissolution during groundwater recharge
has received relatively little attention (37), but is likely to
occur during artificial recharge and other rapid infiltration
scenarios (e.g., highly conductive river beds).

California, like many other regions with water supply
challenges, is increasingly using reclaimed wastewater as a
source for artificial recharge (17, 42). Fate and transport of
organic compounds such as disinfection byproducts (e.g.,
trihalomethanes) and endocrine-disrupting compounds in
artificially recharged wastewater is a major water quality
concern in California (10, 17) and in many other areas (11).
California has proposed that artificially recharged wastewater
have a minimum subsurface residence time of 6 months to
allow degradation of contaminants (10). The contribution of
dissolved O2 in excess air plays a critical role in the redox
chemistry of groundwater and therefore the fate of many
organic pollutants (11). The proportion of dissolved O2 added
by excess air relative to equilibrium solubility, ∆O2, is less
than ∆Ne (∆O2:∆Ne is ∼0.3 for unfractionated air, but can
exceed 0.5 for fractionated conditions). Therefore artificially

FIGURE 5. Median calculated recharge temperatures from
each of the three models. The measured data are mean an-
nual air temperatures taken from the United States Historical
Climatology Network (data available at http://www.ncdc.
noaa.gov/ol/climate/research/ushcn/ushcn.html) and are the
medians of stations nearest each sample location.
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recharged groundwater could have a dissolved O2 concen-
tration up to twice that of equilibrium solubility.

Improved understanding of excess air generation is key
for both managing the physical process of artificial recharge
and predicting water quality changes related to artificial
recharge. Few studies have addressed the issue of gas
dissolution during artificial recharge (43, 45). Long-term field
studies in well characterized media would be particularly
helpful in assessing the impact of dissolved gases on
artificially recharged groundwater.

Three main noble gas models exist to interpret dissolved
gas concentrations. Parameters deduced from model output
(recharge temperatures or 3H-3He ages) systematically differ
among models because of the different physical processes
upon which the models are based. As demonstrated in this
study, all three models may adequately fit measured data.
This suggests that goodness-of-fit is not a robust indicator
for model appropriateness and caution is necessary when
interpreting results from noble gas modeling. Furthermore,
gas concentration ratios suggest that diffusive degassing may
have occurred. Further research aimed at understanding the
physical processes controlling gas dissolution during ground-
water recharge is warranted. For example, analyses of
dissolved gas isotopic ratios would provide information on
the possible occurrence of diffusive degassing at artificial
recharge sites.
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where pi is partial pressure of gas i and Hi is Henry’s Law constant which is a function of 

temperature T and salinity S.  The total measured concentration of dissolved gas i, Ci,m, 

is the sum of multiple components  

teri,i,radexci,eqi,i,m CCCCC +++=  [2] 

where subscripts exc, rad, and ter refer to excess air, radiogenic, and terrigenic 

components, respectively.  It was assumed that Ne, Ar, Kr, and Xe did not have 

significant radiogenic or terrigenic components in the study area (1).   

Three physically-based models are used to interpret dissolved noble gas 

concentration data in groundwater: 1) unfractionated air, UA, model (2), 2) partial re-

equilibration, PR, model (3), and 3) closed system equilibrium, CE, model (4).  The UA 

model is the simplest as it assumes the excess air component is atmospheric air 

resulting from the complete dissolution of entrapped air bubbles during recharge (2,5,6).  

The total concentration of gas i as given by the UA model is  

ideq,i
UA

m,i zACC ⋅+=  [3] 

where Ad is concentration of dry air dissolved, and zi is volume fraction of gas i in dry 

air.  Stute et al. (3) found elemental fractionation in the excess air component (whereby 

lighter gases are depleted relative to heavier gases) and suggested that this 

fractionation was caused by complete bubble dissolution followed by diffusive 

degassing (PR model).  The total concentration of gas i as given by the PR model is  
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where Ad is initial concentration of dissolved excess air, R is degree of re-equilibration, 

Di is molecular diffusivity of gas i, and DNe is molecular diffusivity of Ne.  Kipfer et al. (7) 

extended the PR model to include multiple dissolution-degassing cycles.  Aeschbach-

Hertig et al. (4) suggested that fractionation of excess air is the result of incomplete 

dissolution of entrapped air bubbles and fractionation is related to differing gas 

solubilities (CE model).  The total concentration of gas i as given by the CE model is  
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where Vg
0 is initial volume of entrapped air, ρ is water density as a function of 

temperature T and salinity S, Vw is volume of water, Pg is pressure of entrapped air, es 

is the saturation water vapor pressure, and P0 is standard pressure (1 atm).  The 

fractionation parameter is  
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where Patm is atmospheric pressure, v is fraction of entrapped air remaining, and q is the 

ratio of dry entrapped air pressure to dry atmospheric pressure (which is approximately 

the pressure on the entrapped air).   
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The UA model is a limiting case of both the CE model (when F = 0) and the PR 

model (when R = 0).  CE and PR models can give similar results as underlying physical 

processes for these two models vary similarly among gases.  Peeters et al. (8) 

suggested that in addition to noble gas concentration data, isotopic data (especially Ne) 

are helpful in distinguishing between diffusive degassing (PR model) and incomplete 

bubble dissolution (CE model).   

Inverse modeling of dissolved noble gas data allows determination of various 

parameters affecting gas dissolution.  Calculation of recharge temperature relies heavily 

on CXe,m because Xe solubility is highly temperature dependent.  Strong correlation 

between recharge temperature and recharge elevation leads many researchers to 

define recharge elevation and solve for recharge temperature, which greatly reduces 

uncertainty of recharge temperature (7).  This is a reasonable approach given that 

recharge elevation is usually relatively straightforward to estimate.   

Measured noble gas concentrations were modeled using the UA, PR, and CE 

models.  For all modeling the recharging water was assumed to be fresh (S = 0) and 

recharge elevation was assumed to be the wellhead elevation.  It is common to assume 

the recharging water is fresh in noble gas studies (4,9).  The assumption that the 

recharge elevation is the wellhead elevation is less accurate and may introduce error 

into the analysis.   

The measured dissolved noble gas concentrations were modeled using 

NOBLE90, an error weighted, least squares fitting, inverse modeling program 

(downloaded from 

http://www.eawag.ch/research_e/w+t/UI/interpretation.html#download).  NOBLE90 
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solves for parameter combinations for the selected interpretive model that match 

measured data within experimental error by minimizing χ

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

2, the sum of the weighted 

squared deviations between the modeled and measured concentrations.  The ability of 

the selected model to describe the observed data (i.e. the goodness of fit of the model) 

is judged on the probability of χ2 being greater than a given value obtained from the χ2 

distribution (for the appropriate number of degrees of freedom).  If this probability is 

lower than a predetermined cutoff value then the solution is rejected and it is concluded 

that the selected model is unable to describe the measured data (10).  This approach 

allows assessment of the likelihood that differences between modeled and measured 

values result from experimental error.  In this study solutions with probabilities (p) <0.05 

are rejected.  The gas solubility data used in the NOBLE90 calculations came from 

multiple sources (11-14).  Additional details of NOBLE90 are given by Aeschbach-Hertig 

et al. (4,10) and Peeters et al. (8).   

Results and Discussion 

Noble gas concentrations were measured on 905 groundwater samples.  

Statistical summaries of excess air and recharge temperature are given in Table S1 

while data and extensive modeling results are given in Table S2.   

Three measures were used to evaluate NOBLE90 output; 1) χ2 test (exclude if 

p <0.05), 2) physically reasonable A values (exclude if A >1 cm3 STP g-1), and 3) 

physically reasonable recharge temperatures (exclude if modeled recharge temperature 

is either greater than 2°C above the greatest average monthly air temperature or less 

than 2°C below the lowest average monthly air temperature).  Aeschbach-Hertig et al. 
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(15) note that samples that fit according to χ2 but with large A are likely an artifact of the 

fitting procedure, because of correlation between A and T.   
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Correlation between measured and modeled gas concentrations for samples fit 

by models was greatest for Ne and least for either Kr (CE and PR models, Figure S2 

and Figure S3) or Xe (UA model, Figure S4).   

The interpreted ages resulting from each of the three excess air models vary 

systematically as discussed by Peeters et al. (8).  The oldest age is calculated by PR, 

the youngest age by UA, while the CE model yields ages between the PR and UA 

models (Figure S5).  CE model recharge temperatures are almost always lower than 

those calculated by the PR model, and UA model temperatures are almost always lower 

than those of the CE model (Figure S6).   
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Figure S1.  Map of California showing sample locations in each of the six regions: Los Angeles 
Basin (LAB), Mojave Desert Basin (MDB), northern California (NC), northern portion of the Central 
Valley (NCV), southern portion of the Central Valley (SCV), and San Francisco Bay Area (SFBA).   
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Figure S2.  CE modeled versus measured gas concentrations.  Note that sample 100706 plots off 
scale for Kr.   
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Figure S3.  PR modeled versus measured gas concentrations.  Note that sample 100706 plots off 
scale for Kr.   
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Figure S4.  UA modeled versus measured gas concentrations.  Note that sample 100706 plots off 
scale for Kr.   
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Figure S5.  Histogram of calculated 3H-3He ages for each of three models.   
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Figure S6.  Modeled recharge temperatures for samples fit by all three excess air models.  In 
general, the PR recharge temperature > CE recharge temperature > UA recharge temperature.   
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Table S1.  Statistical summary of excess air concentrations (% ΔNe) and recharge temperatures 
(°C).  AR refers to artificial recharge impacted areas (i.e. SFBA, LAB, and Bakersfield).   
 

Excess Air  
(% ΔNe) 

Area Mean Std. dev. Median Lower  
quartile 

Upper  
quartile 

UA Model SFBA 150 86 132 87 203 
 LAB 66 48 57 31 85 
 NC 20 14 16 11 26 
 MDB 47 29 45 31 60 
 NCV 25 25 19 12 32 
 SCV 46 55 33 23 49 
 AR 108 83 85 46 147 
 non-AR 33 35 26 16 40 
 All 64 70 38 21 77 

CE Model SFBA 146 82 124 87 194 
 LAB 80 64 66 33 94 
 NC 26 21 19 12 35 
 MDB 63 82 47 33 64 
 NCV 26 28 19 12 33 
 SCV 58 82 35 25 55 
 AR 113 84 89 50 154 
 non-AR 38 57 28 17 45 
 All 70 79 42 22 85 

PR Model SFBA 146 83 126 86 195 
 LAB 79 63 67 34 94 
 NC 27 23 19 13 35 
 MDB 64 84 49 33 66 
 NCV 27 28 19 12 33 
 SCV 60 85 36 25 57 
 AR 113 84 89 51 152 
 non-AR 39 59 28 17 45 
 All 71 80 42 22 86 

Recharge  
Temp. (°C) 

Area Mean Std. dev. Median Lower  
quartile 

Upper  
quartile 

UA Model SFBA 12.9 2.0 13.1 11.4 14.3 
 LAB 15.4 1.6 15.4 14.2 16.4 
 NC 10.4 3.7 10.4 7.2 11.8 
 MDB 12.9 2.6 12.6 11.8 14.4 
 NCV 14.9 2.1 14.8 13.4 16.3 
 SCV 14.5 2.4 14.7 12.7 16.4 
 AR 14.2 2.2 14.3 12.9 15.8 
 non-AR 14.1 2.7 14.4 12.3 16.1 
 All 14.1 2.5 14.4 12.5 15.9 

CE Model SFBA 13.7 2.0 13.6 12.5 14.8 
 LAB 16.7 2.0 16.6 15.3 18.1 
 NC 10.2 3.6 10.4 7.2 11.7 
 MDB 13.7 2.3 13.8 11.8 14.9 
 NCV 15.1 2.2 15.1 13.8 16.5 
 SCV 15.5 2.6 15.6 13.8 17.4 
 AR 15.4 2.4 15.4 13.7 17.1 
 non-AR 14.6 2.9 14.8 12.7 16.7 
 All 14.9 2.7 15.0 13.2 16.9 

PR Model SFBA 14.2 2.1 14.1 12.8 15.3 
 LAB 17.5 2.4 17.5 15.8 18.9 
 NC 11.0 3.6 10.7 7.9 12.8 
 MDB 14.4 2.4 14.7 12.5 15.7 
 NCV 15.4 2.5 15.4 13.9 16.9 
 SCV 16.2 3.0 16.1 14.2 18.2 
 AR 16.1 2.8 15.8 14.1 18.1 
 non-AR 15.1 3.0 15.2 13.0 17.0 
 All 15.5 3.0 15.4 13.6 17.6 

264  
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       Table S2.  Measured data and model results for all 905 samples. Page S16              

Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

100595 LAB Y 18.1 0.995 40.8 0.773 3.00 3.45 3.53 8.22 0.970 - - - - - - - - - -
100598 LAB Y 18.3 0.995 19.9 0.839 1.54 3.48 4.21 8.55 1.07 87 17.2 88 19.2 0.26 0.272 90 20.3 0.84 0.142
100599 LAB Y 18.1 0.995 40.3 0.809 2.57 3.34 4.18 8.81 1.15 75 15.2 75 15.7 0.13 0.281 76 16.0 0.32 0.218
100613 LAB Y 17.7 0.971 14.5 1.93 1.59 8.59 5.39 14.5 1.59 - - - - - - - - - -
100618 LAB Y 18.2 0.993 25.9 0.836 1.91 3.38 4.24 9.07 1.13 78 15.1 79 16.4 0.26 0.273 80 17.6 0.83 0.140
100620 LAB Y 18.2 0.993 23.3 0.746 2.97 2.85 3.99 8.95 1.10 - - - - - - 54 20.0 1.82 0.062
100624 LAB Y 18.2 0.993 19.9 0.621 1.61 2.55 3.67 8.27 1.05 35 16.6 36 17.3 0.43 0.273 37 18.4 1.10 0.112
100627 LAB Y 16.9 0.998 0.1 1.19 0.786 2.15 3.46 7.55 1.10 13 16.5 12 16.5 0.00 0.288 12 16.5 0.00 0.288
100628 LAB Y 18.1 0.995 0.4 0.621 1.25 2.36 3.60 8.15 1.17 22 14.8 21 14.6 0.00 0.288 21 14.6 0.00 0.288
100630 LAB Y 18.1 0.996 0.0 0.684 1.19 2.42 3.66 8.35 1.22 24 14.0 23 13.8 0.00 0.288 23 13.8 0.00 0.288
100634 LAB Y 18.1 0.996 30.1 0.871 2.33 3.61 4.49 9.53 1.20 87 13.6 88 15.1 0.24 0.272 90 16.3 0.82 0.140
100635 LAB Y 18.3 0.996 34.8 0.882 2.56 3.69 4.53 9.44 1.20 92 13.9 93 15.5 0.23 0.272 94 16.5 0.79 0.145
100636 LAB Y 18.1 0.995 0.2 0.618 1.30 2.47 3.64 8.22 1.10 29 15.8 29 15.7 0.00 0.288 29 15.7 0.00 0.288
100637 LAB Y 18.1 0.996 0.0 1.68 0.539 2.32 3.74 8.56 0.883 - - - - - - - - - -
100638 LAB Y 18.1 0.996 0.4 1.03 1.36 2.15 3.47 7.63 1.01 15 17.5 16 19.6 0.83 0.250 17 20.6 2.55 0.034
100640 LAB Y 18.1 0.995 10.5 0.866 1.95 3.54 4.25 8.85 1.17 85 15.4 85 15.5 0.03 0.287 86 15.6 0.07 0.270
100641 LAB Y 18.1 0.996 2.0 0.757 1.56 3.00 4.15 8.47 1.16 57 14.6 58 16.2 0.39 0.267 59 16.4 0.82 0.141
100642 LAB Y 18.1 0.995 17.6 1.23 1.54 4.82 4.83 9.19 1.14 158 17.7 159 18.6 0.06 0.282 160 19.0 0.24 0.235
100643 LAB Y 18.1 0.996 0.7 0.655 1.41 2.57 3.80 8.02 1.17 34 14.9 33 14.9 0.00 0.288 33 14.8 0.00 0.288
100644 LAB Y 18.1 0.996 29.2 0.955 2.62 3.71 4.50 8.37 1.16 - - - - - - - - - -
100645 LAB Y 17.6 0.993 16.1 1.40 1.49 5.59 5.43 11.2 1.13 - - - - - - - - - -
100646 LAB Y 18.1 0.995 17.8 0.802 1.63 3.32 4.21 8.39 1.12 76 16.2 78 17.9 0.29 0.271 78 18.4 0.73 0.154
100647 LAB Y 18.1 0.995 25.1 0.872 2.28 3.68 4.48 9.63 1.18 91 13.9 92 15.5 0.23 0.272 94 17.0 0.87 0.136
100648 LAB Y 18.1 0.995 0.0 0.717 1.41 2.94 4.05 8.11 1.11 56 15.9 57 17.8 0.43 0.265 58 18.1 0.95 0.128
100649 LAB Y 18.1 0.995 24.5 0.899 2.02 3.75 4.40 8.61 1.14 99 16.3 100 17.5 0.16 0.277 100 17.7 0.40 0.204
100650 LAB Y 18.1 0.995 13.8 0.842 2.11 3.35 4.34 8.62 1.17 76 14.8 78 16.7 0.31 0.268 78 17.1 0.78 0.147
100651 LAB Y 18.1 0.993 13.2 2.01 1.76 6.98 5.01 10.3 1.26 - - - - - - - - - -
100652 LAB Y 18.1 0.993 21.9 0.615 1.43 2.59 3.61 7.34 1.03 40 18.8 40 19.3 0.31 0.278 40 19.1 0.21 0.241
100654 LAB Y 18.1 0.996 3.9 0.744 1.58 3.16 4.21 8.96 1.14 65 14.6 67 16.7 0.38 0.265 69 18.2 1.22 0.101
100656 LAB Y 18.1 0.996 2.3 0.764 1.53 3.12 4.26 8.64 1.18 62 14.1 63 15.8 0.37 0.267 64 16.1 0.84 0.138
100659 LAB Y 18.1 0.996 6.9 0.844 1.72 3.42 4.57 9.42 1.22 76 12.5 79 15.2 0.37 0.262 81 16.6 1.25 0.097
100660 LAB Y 18.1 0.995 19.8 0.894 2.33 3.69 4.54 9.13 1.24 91 13.6 92 14.6 0.18 0.276 92 14.8 0.42 0.198
100661 LAB Y 17.6 0.986 18.4 0.749 1.61 3.07 4.00 8.06 1.07 65 16.9 66 18.7 0.35 0.269 67 19.2 0.83 0.142
100662 LAB Y 18.1 0.996 16.7 0.781 2.26 3.16 4.14 8.55 1.09 68 16.2 69 18.5 0.38 0.266 71 19.8 1.17 0.107
100663 LAB Y 18.1 0.995 0.1 0.597 1.30 2.31 3.58 7.73 1.05 23 16.9 23 18.0 0.68 0.261 24 18.4 1.34 0.091
100664 LAB Y 18.1 0.995 55.0 0.830 3.56 3.37 4.22 8.74 1.18 76 14.9 76 15.2 0.10 0.283 76 15.3 0.17 0.248
100665 LAB Y 18.2 0.995 23.8 0.593 1.80 2.55 3.65 8.20 1.05 35 16.8 36 17.2 0.34 0.278 36 17.9 0.76 0.150
100666 LAB Y 18.2 0.995 22.4 2.14 1.56 6.59 5.87 9.92 1.24 256 18.0 257 19.7 0.05 0.281 259 19.8 0.23 0.238
100667 LAB Y 18.1 0.995 0.8 0.644 1.40 2.80 3.96 9.13 1.14 45 14.0 - - - - 47 16.3 1.16 0.104
100669 LAB Y 17.6 0.995 16.4 0.896 1.44 3.61 4.28 9.12 1.12 91 15.9 91 16.8 0.16 0.278 92 17.8 0.58 0.175
100670 LAB Y 18.1 0.995 37.1 1.00 2.66 4.01 4.55 9.04 1.16 112 15.8 113 17.0 0.14 0.278 114 17.5 0.42 0.200
100671 LAB Y 18.1 0.995 0.0 0.691 1.40 2.90 3.99 8.36 1.11 53 15.6 54 17.1 0.41 0.268 55 17.7 0.94 0.128
100672 LAB Y 18.1 0.995 0.1 0.740 1.24 2.30 3.59 7.84 1.11 21 15.8 21 15.8 0.03 0.288 20 15.8 0.00 0.288
100673 LAB Y 18.1 0.995 23.9 1.18 2.10 4.80 4.60 8.76 1.10 160 19.9 158 19.8 0.00 0.288 158 19.8 0.00 0.288
100674 LAB Y 18.2 0.995 30.2 0.802 1.86 3.13 4.09 8.31 1.11 66 16.2 67 17.6 0.31 0.271 68 18.0 0.70 0.158
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Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

100675 LAB Y 18.1 0.996 0.2 0.671 1.25 2.34 3.57 7.77 1.10 23 16.4 22 16.3 0.00 0.288 22 16.3 0.00 0.288
100676 LAB Y 18.1 0.995 23.8 0.661 1.69 2.39 3.54 8.01 1.05 27 17.0 27 17.2 0.26 0.283 27 17.6 0.55 0.179
100679 LAB Y 18.1 0.996 42.4 0.808 3.70 3.38 4.40 9.05 1.22 74 13.4 75 14.6 0.25 0.273 76 14.9 0.58 0.173
100680 LAB Y 18.1 0.996 12.6 0.638 2.23 2.67 3.97 8.68 1.18 38 13.6 38 14.5 0.46 0.269 39 14.9 0.87 0.133
100682 LAB Y 18.1 0.995 0.0 1.57 0.564 2.41 5.04 8.13 1.12 - - - - - - - - - -
100683 LAB Y 18.3 0.996 41.1 0.842 3.05 3.40 4.42 8.94 1.16 78 14.4 80 17.0 0.35 0.264 82 18.2 1.12 0.110
100684 LAB Y 18.1 0.996 43.4 0.923 3.21 3.68 4.55 9.06 1.23 91 13.8 92 15.1 0.20 0.274 92 15.3 0.49 0.186
100685 LAB Y 16.9 0.998 9.3 0.752 1.61 2.14 4.64 7.48 1.03 - - - - - - - - - -
100686 LAB Y 18.1 0.995 25.8 0.755 1.76 3.21 3.99 8.84 1.08 70 16.7 - - - - 72 18.2 0.56 0.179
100688 LAB Y 18.1 0.996 19.9 0.708 2.43 2.91 4.04 8.25 1.14 52 15.2 53 16.4 0.38 0.270 54 16.6 0.66 0.162
100689 LAB Y 18.1 0.995 29.4 0.951 1.90 3.78 4.47 8.85 1.12 101 16.1 103 18.3 0.24 0.271 104 19.3 0.80 0.146
100690 LAB Y 18.1 0.995 39.7 0.782 2.55 3.29 4.17 8.35 1.14 74 15.9 74 16.8 0.21 0.277 75 16.8 0.37 0.208
100691 LAB Y 18.1 0.996 0.4 0.665 1.38 2.81 4.04 8.37 1.11 48 15.2 50 17.9 0.53 0.259 51 18.9 1.51 0.079
100692 LAB Y 18.1 0.996 0.2 0.549 1.30 2.12 3.48 8.33 1.19 9 14.1 - - - - - - - -
100693 LAB Y 16.2 0.998 13.2 1.00 1.15 2.18 3.48 7.93 1.12 14 15.8 13 15.7 0.00 0.288 13 15.7 0.00 0.288
100694 LAB Y 16.2 0.998 10.3 0.698 1.52 3.19 3.64 8.23 1.01 - - - - - - - - - -
100695 LAB Y 18.3 0.995 18.6 0.950 2.42 3.08 4.09 8.40 1.17 61 15.0 61 15.5 0.19 0.280 62 15.4 0.21 0.239
100696 LAB Y 17.1 0.998 61.7 0.600 5.43 2.11 3.42 7.68 1.05 11 17.0 11 17.1 0.55 0.280 11 17.2 0.45 0.194
100697 LAB Y 18.3 0.995 0.4 0.619 1.39 2.65 3.86 8.19 1.15 38 15.0 39 15.4 0.33 0.277 39 15.4 0.33 0.216
100698 LAB Y 18.3 0.995 0.3 0.708 1.18 2.54 3.75 8.11 1.11 33 15.6 34 16.2 0.43 0.273 34 16.4 0.60 0.171
100699 LAB Y 17.1 0.998 0.0 0.616 1.34 2.50 3.65 7.82 1.07 32 17.0 32 17.5 0.39 0.276 33 17.6 0.44 0.197
100700 LAB Y 18.1 0.996 0.0 0.535 1.38 2.46 3.71 8.19 1.11 29 15.4 29 15.6 0.33 0.280 29 15.8 0.38 0.206
100701 LAB Y 16.2 0.998 13.5 0.642 1.54 2.45 3.53 7.66 1.04 31 18.1 31 18.1 0.01 0.288 31 18.1 0.01 0.287
100702 LAB Y 18.3 0.995 30.8 0.768 2.88 2.94 4.12 8.60 1.12 55 14.8 56 17.4 0.48 0.260 58 18.7 1.44 0.084
100703 LAB Y 17.1 0.998 0.9 0.726 1.35 3.04 3.91 8.50 1.11 60 16.4 59 16.3 0.00 0.288 60 16.4 0.00 0.288
100704 LAB Y 18.3 0.995 0.2 0.609 1.39 2.38 3.78 8.20 1.09 25 15.1 27 17.5 0.72 0.251 28 18.6 2.12 0.047
100705 LAB Y 18.3 0.995 0.3 0.794 1.32 3.00 4.11 8.85 1.19 55 13.7 55 14.3 0.24 0.277 56 14.5 0.44 0.195
100706 LAB Y 17.1 0.998 31.6 0.662 3.46 2.79 3.79 116 1.04 - - - - - - - - - -
100707 LAB Y 17.1 0.998 2.6 0.658 1.34 2.22 5.76 8.01 1.10 - - - - - - - - - -
100708 LAB Y 18.1 0.993 3.2 0.979 1.50 3.62 4.20 8.74 1.10 93 17.1 94 17.7 0.11 0.282 94 18.2 0.35 0.214
100710 LAB Y 16.9 0.998 61.8 0.697 5.73 1.98 3.31 7.39 0.976 6 18.5 8 20.3 0.92 0.245 9 21.9 3.67 0.014
100719 LAB Y 18.1 0.993 12.9 2.50 1.51 8.48 5.05 10.7 1.23 - - - - - - - - - -
100721 LAB Y 18.1 0.995 1.0 0.540 1.41 2.34 3.84 8.47 1.13 22 13.8 24 16.3 0.77 0.248 25 17.5 2.39 0.036
100722 LAB Y 17.1 0.993 0.1 0.808 1.15 2.87 4.08 8.57 1.09 - - 54 18.5 0.53 0.257 57 20.6 1.83 0.062
100724 LAB Y 18.1 0.996 8.9 0.638 1.32 2.08 3.50 7.76 1.03 10 16.6 12 19.3 0.88 0.244 13 20.4 3.24 0.019
100726 LAB Y 18.1 0.995 9.2 0.625 1.86 2.66 4.02 8.84 1.18 37 13.1 38 14.5 0.54 0.262 39 15.4 1.35 0.087
100727 LAB Y 17.6 0.986 18.2 0.608 1.50 2.37 3.61 7.83 1.07 27 16.3 27 16.9 0.53 0.271 27 17.1 0.75 0.150
100728 LAB Y 17.1 0.993 18.5 2.20 1.81 4.76 5.29 9.82 1.21 - - 156 18.7 0.21 0.266 161 20.8 1.05 0.120
100729 LAB Y 17.1 0.993 20.5 12.3 1.88 3.88 4.55 8.93 1.10 - - 111 19.7 0.26 0.268 114 21.5 1.06 0.119
100730 LAB Y 18.1 0.995 30.9 0.961 1.74 4.11 4.61 9.52 1.08 - - - - - - 128 23.6 1.22 0.106
100731 LAB Y 17.1 0.993 0.0 1.06 0.982 3.23 4.30 8.88 1.14 70 14.5 72 17.1 0.39 0.263 74 18.6 1.27 0.097
100732 LAB Y 18.3 0.995 32.0 1.00 2.96 4.11 4.80 9.73 1.22 114 13.6 115 15.6 0.20 0.271 118 16.9 0.78 0.146
100733 LAB Y 18.1 0.996 1.5 1.06 0.726 2.08 3.62 8.05 1.09 9 14.9 11 17.1 0.90 0.242 11 17.7 3.10 0.020
100734 LAB Y 17.1 0.993 2.0 1.64 2.11 2.45 3.75 7.93 1.04 31 16.4 33 19.4 0.68 0.253 34 20.5 2.02 0.053
100735 LAB Y 17.6 0.986 18.2 0.664 1.82 2.68 3.85 8.29 1.08 43 15.7 44 17.5 0.52 0.262 45 18.7 1.43 0.085
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Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

100736 LAB Y 18.1 0.995 0.8 0.460 1.38 2.06 3.55 8.13 1.12 7 14.5 7 14.8 0.86 0.263 7 15.1 1.61 0.069
100737 LAB Y 16.9 0.998 75.9 0.638 9.11 2.12 3.41 7.74 1.04 12 17.1 12 17.3 0.60 0.278 12 17.6 0.90 0.132
100738 LAB Y 18.1 0.995 48.7 0.944 2.90 3.61 4.46 8.86 1.11 - - 95 19.2 0.32 0.265 98 21.0 1.21 0.105
100739 LAB Y 18.1 0.996 0.2 0.652 1.24 2.41 3.66 7.81 1.06 28 16.7 28 18.0 0.64 0.262 29 18.5 1.27 0.097
100740 LAB Y 18.1 0.996 0.0 0.702 1.14 2.43 3.71 7.96 1.09 28 15.9 29 16.9 0.58 0.266 29 17.1 0.96 0.125
100742 LAB Y 17.1 0.998 0.4 2.60 0.458 1.94 3.15 7.01 0.986 4 19.6 3 19.3 0.00 0.288 3 19.3 0.00 0.288
100743 LAB Y 17.1 0.998 67.5 0.988 3.66 2.16 4.02 7.96 1.14 - - - - - - - - - -
100744 LAB Y 17.1 0.998 21.9 0.781 2.03 2.07 4.26 7.13 1.04 - - - - - - - - - -
100745 LAB Y 18.3 0.996 41.9 1.11 2.90 4.04 4.61 9.58 1.22 110 14.2 110 14.7 0.08 0.283 111 15.1 0.27 0.227
100746 LAB Y 18.1 0.996 32.1 0.792 2.99 3.12 4.22 8.76 1.14 63 14.6 65 16.9 0.40 0.264 67 18.0 1.19 0.104
100747 LAB Y 18.1 0.995 35.9 0.797 2.22 3.18 4.24 8.36 1.08 - - 73 20.0 0.43 0.261 75 21.3 1.43 0.087
100748 LAB Y 18.2 0.995 29.8 0.670 2.22 2.75 4.01 8.16 1.08 - - 49 19.2 0.57 0.256 50 20.2 1.70 0.069
100749 LAB Y 18.1 0.996 0.0 0.681 1.14 2.40 3.74 8.28 1.14 25 14.6 25 14.8 0.42 0.277 25 15.0 0.43 0.196
100750 LAB Y 18.3 0.995 19.7 0.855 1.54 3.46 4.22 8.64 1.10 84 16.6 85 18.1 0.25 0.273 86 19.0 0.73 0.154
100751 LAB Y 18.2 0.995 16.4 1.13 1.63 4.60 4.76 9.31 1.22 141 15.7 140 15.6 0.00 0.288 139 15.6 0.00 0.288
100753 LAB Y 18.2 0.993 24.3 0.557 1.96 2.46 3.57 7.95 1.05 31 17.1 31 17.1 0.00 0.288 31 17.2 0.12 0.260
100755 LAB Y 18.2 0.995 23.4 0.892 1.58 3.99 4.43 8.90 1.07 115 17.9 116 19.9 0.18 0.274 119 21.3 0.74 0.155
100756 LAB Y 18.2 0.995 22.2 0.803 1.51 3.45 4.20 8.19 1.08 85 17.5 87 19.3 0.25 0.273 87 19.6 0.63 0.169
100757 LAB Y 18.2 0.987 24.3 0.616 1.84 2.70 3.76 7.92 1.01 46 17.7 48 19.9 0.51 0.263 49 21.3 1.46 0.085
100758 LAB Y 18.2 0.995 - 0.759 1.47 3.34 4.12 8.34 1.06 80 17.6 81 19.5 0.29 0.271 82 20.4 0.85 0.141
100759 LAB Y 18.1 0.996 1.7 0.622 1.38 2.55 3.88 8.39 1.19 32 13.8 32 14.1 0.31 0.279 32 14.0 0.20 0.241
100760 LAB Y 18.1 0.996 0.3 0.615 1.33 2.57 3.88 8.45 1.17 33 14.0 33 14.5 0.42 0.274 33 14.6 0.53 0.181
100761 LAB Y 18.1 0.996 0.7 0.631 1.24 2.47 3.81 8.08 1.07 30 15.8 33 18.9 0.69 0.252 34 20.0 2.09 0.049
100762 LAB Y 18.1 0.996 18.2 0.695 2.61 2.85 4.10 8.73 1.14 49 14.2 50 16.6 0.51 0.259 52 18.0 1.55 0.076
100763 LAB Y 18.1 0.996 0.2 0.721 1.32 2.89 4.18 9.40 1.20 48 12.4 49 13.8 0.45 0.264 51 15.4 1.39 0.084
100764 LAB Y 18.1 0.996 0.0 0.700 1.16 2.42 3.87 8.56 1.14 25 13.8 27 15.7 0.71 0.253 28 17.0 2.07 0.048
100765 LAB Y 18.3 0.995 1.6 0.621 1.40 2.42 3.81 8.72 1.17 25 13.4 25 13.7 0.46 0.275 25 14.2 0.84 0.137
100767 LAB Y 18.1 0.996 17.1 0.701 2.19 2.85 4.08 8.58 1.14 49 14.4 50 16.5 0.49 0.261 51 17.3 1.30 0.094
100768 LAB Y 18.1 0.993 19.0 0.959 2.40 3.92 4.65 9.26 1.22 105 14.0 106 15.5 0.19 0.274 107 16.1 0.57 0.176
100771 LAB Y 18.1 0.993 22.3 1.45 1.95 5.59 5.02 10.5 1.25 - - - - - - - - - -
100772 LAB Y 18.1 0.995 3.5 0.735 1.50 3.18 3.96 8.47 1.17 66 15.8 62 15.4 0.00 0.288 62 15.4 0.00 0.288
100773 LAB Y 18.1 0.993 24.8 1.13 2.21 4.42 4.75 9.75 1.25 129 14.1 128 14.0 0.00 0.288 129 14.1 0.00 0.288
100775 LAB Y 18.1 0.993 8.3 1.02 1.60 4.14 4.64 10.3 1.16 - - - - - - - - - -
100776 LAB Y 18.1 0.993 16.4 1.15 1.78 4.55 4.63 9.72 1.19 139 15.9 135 15.7 0.00 0.288 136 15.8 0.00 0.288
100777 LAB Y 18.1 0.993 13.4 1.07 1.99 4.43 4.81 9.46 1.21 133 15.0 134 16.1 0.10 0.279 135 16.5 0.35 0.212
100778 LAB Y 17.6 0.993 17.4 0.816 1.53 3.33 4.21 8.60 1.15 76 15.4 76 16.4 0.22 0.276 77 16.7 0.48 0.190
100779 LAB Y 18.1 0.995 2.9 0.665 1.54 2.79 4.04 8.41 1.13 46 14.7 48 16.7 0.51 0.261 49 17.4 1.26 0.097
100780 LAB Y 18.1 0.995 1.1 0.685 1.44 2.97 4.09 8.27 1.12 57 15.6 58 17.6 0.43 0.265 59 18.1 1.02 0.119
100781 LAB Y 18.1 0.996 0.0 0.621 1.38 2.60 3.85 7.82 1.08 38 16.4 40 18.6 0.58 0.259 40 18.9 1.29 0.096
100782 LAB Y 18.1 0.995 10.0 1.20 1.58 4.80 4.98 9.21 1.16 157 16.8 159 18.9 0.12 0.276 161 19.5 0.48 0.191
100783 LAB Y 18.1 0.995 22.4 1.36 2.06 5.66 5.95 10.2 1.28 - - 206 19.3 0.16 0.267 - - - -
100784 LAB Y 18.1 0.995 3.2 3.39 1.84 6.70 5.98 10.9 1.30 253 15.5 254 16.7 0.04 0.282 256 17.3 0.25 0.233
100785 LAB Y 18.1 0.996 63.7 0.599 2.01 2.37 3.72 7.65 1.07 26 16.4 27 18.3 0.70 0.256 27 18.3 1.41 0.086
100786 LAB Y 18.1 0.995 5.7 1.23 1.46 4.87 5.01 9.70 1.13 - - 165 20.0 0.15 0.273 169 22.1 0.80 0.149
100787 LAB Y 18.1 0.995 33.6 0.824 2.23 3.44 4.38 9.06 1.10 - - 85 18.8 0.37 0.263 89 21.5 1.48 0.084
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100825 SCV N 16.4 0.995 3.4 1.08 1.59 2.20 3.42 7.80 1.08 16 16.6 15 16.5 0.00 0.288 15 16.5 0.00 0.288
100827 SCV N 16.4 0.995 16.6 0.788 1.70 3.18 4.08 8.62 1.15 66 15.3 66 15.5 0.08 0.285 67 15.6 0.14 0.254
100828 SCV N 16.4 0.995 3.6 3.62 1.09 4.67 5.05 10.3 1.26 142 13.3 143 14.7 0.12 0.277 145 15.7 0.53 0.180
100830 SCV N 16.4 0.995 7.4 0.863 1.40 2.23 3.48 8.08 1.05 18 16.5 17 16.5 0.00 0.288 18 16.9 0.62 0.169
100831 SCV N 15.4 0.995 32.1 1.76 1.42 2.21 3.55 7.98 1.12 15 15.3 14 15.2 0.00 0.288 14 15.2 0.00 0.288
100832 SCV N 16.4 0.995 20.5 4.72 0.932 2.46 3.75 8.29 1.11 29 15.0 29 15.8 0.55 0.268 30 16.3 1.03 0.117
100833 SCV N 16.4 0.995 38.3 0.781 3.39 2.92 4.03 8.59 1.11 54 15.3 55 17.1 0.44 0.265 56 18.4 1.25 0.099
100834 SCV N 16.4 0.995 17.7 2.07 0.962 2.08 3.63 7.90 1.09 9 14.9 11 17.0 0.89 0.243 11 16.8 2.56 0.031
100835 SCV N 16.4 0.995 34.2 0.607 3.18 2.55 3.83 8.26 1.16 32 14.5 33 14.9 0.37 0.277 33 14.9 0.33 0.214
100836 SCV N 16.4 0.995 5.4 5.06 1.11 2.40 3.84 8.22 1.15 25 14.0 26 15.2 0.67 0.259 26 15.3 1.18 0.102
100837 SCV N 16.4 0.995 9.8 4.03 1.04 2.78 3.90 7.90 1.12 47 16.0 47 16.9 0.35 0.273 47 16.7 0.40 0.204
100838 SCV N 16.4 0.995 18.7 0.955 1.72 2.52 3.97 8.77 1.22 29 12.5 30 13.2 0.54 0.267 30 13.5 0.88 0.131
100839 SCV N 16.4 0.995 1.8 20.1 0.807 2.17 3.69 8.44 1.19 11 13.1 11 13.1 0.32 0.285 11 13.2 0.13 0.255
100840 SCV N 16.4 0.995 11.1 2.07 1.05 2.74 3.98 8.72 1.19 42 13.6 42 14.0 0.30 0.277 42 14.3 0.47 0.190
100841 SCV N 16.4 0.995 13.1 3.21 1.08 2.40 3.74 8.27 1.15 25 14.4 25 14.6 0.34 0.280 25 14.6 0.26 0.229
100842 SCV N 16.4 0.995 18.0 1.51 1.20 2.16 3.76 8.79 1.20 10 12.2 10 12.7 0.83 0.257 12 14.1 2.59 0.028
100843 SCV N 16.4 0.995 16.5 15.5 0.828 2.44 3.83 8.65 1.19 25 13.1 25 13.2 0.13 0.286 25 13.3 0.17 0.248
100844 SCV N 16.4 0.995 9.7 1.55 1.87 2.71 3.87 8.24 1.11 43 15.6 43 16.6 0.43 0.270 44 17.0 0.81 0.142
100845 SCV N 16.4 0.995 9.3 38.0 0.719 2.27 3.94 9.34 1.33 13 10.0 12 9.9 0.00 0.288 12 9.9 0.00 0.288
100846 SCV N 16.4 0.995 22.8 14.1 0.800 2.19 3.48 8.13 1.14 14 15.1 13 15.0 0.00 0.288 13 15.0 0.00 0.288
100847 SCV N 16.4 0.995 32.1 2.42 1.21 2.18 3.64 8.44 1.10 14 14.4 18 19.4 0.85 0.242 19 20.8 3.63 0.014
100848 SCV N 16.4 0.995 2.2 16.6 0.801 2.39 3.58 8.19 1.14 24 15.3 23 15.2 0.00 0.288 23 15.2 0.00 0.288
100849 SCV N 15.4 0.995 5.3 6.55 1.03 2.46 3.68 8.25 1.12 28 15.3 28 15.2 0.00 0.288 28 15.2 0.00 0.288
100850 SCV N 16.4 0.995 1.6 64.3 0.622 2.25 3.82 9.12 1.36 12 10.3 - - - - - - - -
100851 SCV N 16.4 0.995 21.5 4.35 0.968 2.28 3.56 8.16 1.13 19 15.2 18 15.1 0.00 0.288 18 15.1 0.00 0.288
100853 SCV N 16.4 0.995 1.0 3.48 0.961 3.96 4.47 9.64 1.29 102 13.3 - - - - - - - -
100854 SCV N 16.4 0.995 26.6 0.797 2.34 2.58 3.86 8.68 1.17 34 13.8 34 14.0 0.24 0.281 34 14.3 0.41 0.200
100855 SCV N 16.4 0.995 5.4 1.52 1.05 2.12 3.67 8.71 1.23 8 12.3 7 12.1 0.00 0.288 7 12.1 0.00 0.288
100856 SCV N 16.4 0.995 0.8 0.883 1.21 2.41 3.85 8.88 1.22 23 12.4 23 12.4 0.00 0.288 23 12.4 0.00 0.288
100857 SCV N 16.4 0.995 24.3 8.50 0.865 2.45 3.64 7.98 1.14 28 15.5 26 15.4 0.00 0.288 26 15.4 0.00 0.288
100858 SCV N 16.4 0.995 9.3 1.49 1.39 2.94 4.18 9.30 1.28 49 11.7 49 11.7 0.01 0.288 49 11.8 0.05 0.276
100859 SCV N 16.4 0.995 72.6 10.9 0.750 2.59 3.78 8.20 1.17 34 14.7 33 14.7 0.00 0.288 33 14.6 0.00 0.288
100860 SCV N 16.4 0.995 6.0 6.14 0.812 2.16 3.71 8.39 1.17 12 13.3 12 14.0 0.83 0.255 12 14.3 1.67 0.065
100861 SCV N 16.4 0.995 2.8 41.7 0.727 2.12 3.74 8.61 1.23 8 12.0 8 12.0 0.00 0.288 7 12.0 0.00 0.288
100862 SCV N 16.4 0.995 24.7 19.6 0.813 2.35 3.54 7.77 1.12 23 16.1 22 16.0 0.00 0.288 22 16.0 0.00 0.288
100863 SCV N 15.4 0.995 18.9 1.93 1.56 2.56 3.74 8.47 1.15 33 14.7 31 14.6 0.00 0.288 31 14.6 0.00 0.288
100864 SCV N 16.4 0.995 15.4 16.3 0.806 2.33 3.60 8.44 1.13 21 14.9 20 14.7 0.00 0.288 20 14.7 0.00 0.288
100865 SFBA Y 15.2 0.979 9.3 1.09 1.29 3.69 4.80 9.06 1.19 - - 101 18.0 0.36 0.259 - - - -
100866 SFBA Y 15.2 0.979 1.5 1.35 0.893 3.26 4.58 9.24 1.19 - - 76 17.1 0.46 0.254 80 19.3 1.84 0.060
100867 SFBA Y 15.2 0.979 18.6 1.37 1.40 4.16 4.91 9.60 1.21 - - 123 16.3 0.24 0.266 126 17.8 0.99 0.123
100868 SFBA Y 15.2 0.979 35.9 1.15 1.87 4.08 4.69 9.25 1.20 117 14.3 118 15.9 0.17 0.274 120 16.6 0.57 0.175
100869 SFBA Y 15.2 0.979 13.3 1.27 1.18 3.44 4.33 8.96 1.24 79 13.1 80 13.3 0.06 0.285 80 13.2 0.05 0.277
100875 SFBA Y 14.0 0.998 0.5 1.05 1.03 2.67 4.16 9.10 1.29 35 11.1 35 11.6 0.41 0.272 35 11.7 0.48 0.186
100876 SFBA Y 14.0 0.998 0.4 0.809 1.11 2.40 3.80 8.09 1.18 24 14.2 24 14.6 0.53 0.271 24 14.5 0.33 0.214
100877 SFBA Y 14.0 0.998 0.0 1.05 0.843 2.52 4.06 9.67 1.25 27 10.9 - - - - 31 15.8 2.60 0.029
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100878 SFBA Y 14.0 0.998 0.0 0.680 1.40 2.96 4.53 9.96 1.17 - - - - - - - - - -
100880 SFBA Y 14.0 0.999 7.4 0.551 1.47 2.14 4.72 8.19 1.13 - - - - - - - - - -
100881 SFBA Y 14.0 0.999 3.6 0.566 1.37 1.98 4.60 7.80 1.13 - - - - - - - - - -
100882 SFBA Y 13.1 0.993 5.7 0.591 1.56 2.21 4.82 8.31 1.18 - - - - - - - - - -
100883 SFBA Y 14.0 0.999 0.1 1.48 0.707 2.37 5.40 9.25 1.38 - - - - - - - - - -
100884 SFBA Y 13.1 0.993 5.8 0.566 1.52 2.15 4.78 8.11 1.13 - - - - - - - - - -
100885 SFBA Y 13.1 0.993 1.5 0.646 1.41 2.40 4.98 8.37 1.17 - - - - - - - - - -
100886 SFBA Y 13.1 0.993 0.9 0.601 1.34 2.57 3.76 8.65 1.14 33 14.5 33 14.5 0.00 0.288 33 14.5 0.00 0.288
100888 SFBA Y 13.1 0.993 0.3 0.686 1.37 2.52 4.95 8.05 1.13 - - - - - - - - - -
100891 SFBA Y 15.1 0.998 36.9 0.946 2.36 3.56 4.53 9.55 1.24 82 12.7 83 13.9 0.23 0.273 84 14.7 0.68 0.157
100892 SFBA Y 15.1 0.998 21.5 0.822 1.46 3.16 3.70 8.62 1.18 - - - - - - - - - -
100893 SFBA Y 15.1 0.998 29.5 0.649 2.25 2.60 3.80 8.13 1.16 35 15.0 35 15.0 0.00 0.288 34 14.9 0.00 0.288
100894 SFBA Y 15.1 0.998 23.5 0.842 1.53 3.25 4.12 8.38 1.18 70 15.5 69 15.5 0.00 0.288 68 15.4 0.00 0.288
100895 SFBA Y 15.1 0.998 22.9 0.856 1.62 3.12 4.14 8.42 1.17 63 15.0 63 15.8 0.23 0.277 64 15.7 0.34 0.214
100896 SFBA Y 15.1 0.998 19.4 0.772 1.41 3.02 4.06 8.45 1.23 55 14.2 54 14.1 0.00 0.288 53 14.0 0.00 0.288
100897 SFBA Y 15.1 0.998 19.9 0.730 1.40 2.87 4.00 8.38 1.19 49 14.5 49 14.6 0.08 0.285 48 14.5 0.00 0.288
100898 SFBA Y 15.1 0.998 17.6 0.699 1.41 2.83 4.04 9.23 1.18 45 13.3 46 14.1 0.37 0.272 47 15.3 1.06 0.113
100899 SFBA Y 15.1 0.998 19.9 0.711 1.43 2.85 3.99 9.11 1.19 46 13.6 46 13.5 0.00 0.288 47 13.8 0.15 0.252
100900 SFBA Y 15.1 0.998 19.7 0.840 1.47 3.21 4.30 9.23 1.18 66 13.6 67 15.4 0.36 0.267 69 16.8 1.12 0.108
100901 SFBA Y 15.1 0.998 20.3 0.678 1.50 2.73 3.88 8.37 1.14 42 15.1 43 15.4 0.23 0.280 43 15.5 0.29 0.223
100902 SFBA Y 15.1 0.998 18.7 0.811 1.44 3.12 4.16 8.49 1.20 62 14.4 62 14.8 0.14 0.282 62 14.6 0.09 0.266
100903 SFBA Y 14.4 0.999 6.1 9.54 1.24 9.26 5.38 25.7 1.19 - - - - - - - - - -
100904 SFBA Y 14.4 0.999 6.5 2.04 1.43 4.50 5.04 10.4 1.30 130 12.3 131 13.5 0.12 0.277 132 14.3 0.50 0.185
100905 SFBA Y 15.2 0.979 36.0 1.10 1.55 3.82 4.49 9.31 1.17 102 14.3 103 15.5 0.16 0.276 104 16.3 0.56 0.176
100906 SFBA Y 15.2 0.979 15.2 0.968 1.83 3.78 4.79 8.39 1.23 - - - - - - - - - -
100907 SFBA Y 15.2 0.979 46.2 1.10 2.04 3.96 4.55 9.27 1.14 112 15.1 114 17.0 0.19 0.273 116 18.3 0.75 0.151
100908 SFBA Y 15.2 0.979 27.3 1.21 1.55 4.15 4.82 9.91 1.21 119 13.1 121 15.5 0.21 0.269 124 17.2 0.92 0.130
100909 SFBA Y 12.6 0.996 10.0 0.633 1.41 2.92 4.21 23.3 1.26 - - - - - - - - - -
100910 SFBA Y 12.6 0.996 10.4 0.783 1.16 3.22 4.30 17.7 0.519 - - - - - - - - - -
100911 SFBA Y 12.6 0.996 11.1 0.633 1.41 2.93 4.44 8.27 0.812 - - - - - - - - - -
100912 SFBA Y 12.6 0.996 9.4 0.682 1.40 3.02 4.46 53.2 0.888 - - - - - - - - - -
100915 SFBA Y 15.7 0.995 12.6 1.75 0.887 2.95 4.01 8.96 1.20 52 13.7 51 13.7 0.00 0.288 51 13.7 0.00 0.288
100916 SFBA Y 15.0 0.995 13.8 1.92 1.49 6.97 4.96 21.4 0.694 - - - - - - - - - -
100918 SFBA Y 12.3 0.995 13.3 0.723 1.51 2.97 4.10 8.99 1.12 55 14.5 57 16.6 0.45 0.262 59 18.9 1.56 0.076
100919 SFBA Y 15.0 0.995 12.5 1.68 1.45 6.18 4.99 11.3 1.39 - - - - - - - - - -
100920 SFBA Y 15.0 0.995 13.4 1.34 1.67 4.94 4.95 11.4 1.41 - - - - - - - - - -
100923 SFBA Y 14.4 0.999 15.2 1.24 1.47 4.64 4.99 11.9 1.30 - - - - - - - - - -
100924 SFBA Y 14.4 0.999 1.2 5.83 1.22 4.18 4.94 11.4 1.50 102 8.3 - - - - - - - -
100925 SFBA Y 14.4 0.999 0.1 9.83 1.25 4.07 4.96 11.6 1.33 - - - - - - - - - -
100926 SFBA Y 14.4 0.999 3.6 4.28 1.36 5.32 4.94 12.0 1.39 - - - - - - - - - -
100927 SFBA Y 14.4 0.999 1.6 6.48 1.22 5.05 5.05 12.0 1.27 - - - - - - - - - -
100928 NCV N 16.0 0.998 0.4 18.4 0.545 2.08 3.57 8.05 1.12 8 14.7 8 15.1 0.85 0.262 9 15.2 1.19 0.100
100929 NCV N 16.0 0.998 2.1 14.6 0.571 2.22 3.71 8.37 1.20 13 13.2 13 13.1 0.00 0.288 13 13.1 0.00 0.288
100930 NCV N 16.0 0.998 0.5 7.32 0.624 2.17 3.66 8.11 1.20 12 13.7 11 13.6 0.00 0.288 11 13.6 0.00 0.288
100931 NCV N 16.0 0.998 0.5 11.9 0.622 2.21 3.76 8.40 1.26 12 12.4 12 12.3 0.00 0.288 12 12.3 0.00 0.288
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100932 NCV N 16.0 0.998 0.8 12.6 0.624 2.30 3.85 8.66 1.25 17 12.0 17 12.0 0.00 0.288 16 12.0 0.00 0.288
100933 NCV N 16.0 0.998 0.4 10.6 0.648 2.23 3.80 8.47 1.24 13 12.4 13 12.4 0.00 0.288 13 12.3 0.00 0.288
100934 NCV N 16.0 0.998 0.5 2.63 0.810 2.19 3.72 8.44 1.20 12 13.0 12 13.0 0.00 0.288 12 13.0 0.00 0.288
100935 NCV N 16.0 0.998 0.0 6.78 0.725 2.19 3.77 8.53 1.26 11 12.1 10 12.0 0.00 0.288 10 12.0 0.00 0.288
100936 NCV N 16.0 0.998 18.9 3.17 1.04 2.24 3.82 8.63 1.27 13 11.8 12 11.7 0.00 0.288 12 11.6 0.00 0.288
100937 NCV N 16.0 0.998 17.0 0.849 2.00 2.27 3.80 8.39 1.21 16 12.9 16 13.1 0.55 0.276 16 13.0 0.17 0.246
100938 NCV N 16.0 0.998 19.0 0.542 1.71 2.24 3.86 8.76 1.28 13 11.4 12 11.4 0.00 0.288 12 11.3 0.00 0.288
100939 NCV N 16.0 0.998 13.9 2.40 1.04 2.31 3.82 8.65 1.23 17 12.4 17 12.4 0.00 0.288 17 12.4 0.00 0.288
100940 NCV N 16.0 0.998 22.3 0.707 2.11 2.24 3.90 8.99 1.33 11 10.5 10 10.2 0.00 0.288 10 10.2 0.00 0.288
100941 NCV N 16.0 0.998 0.0 19.5 0.517 2.05 3.53 7.96 1.15 6 14.5 6 14.5 0.00 0.288 6 14.5 0.00 0.288
100943 NCV N 16.0 0.998 0.8 33.6 0.691 2.41 3.95 8.32 1.22 23 12.8 24 13.8 0.67 0.259 24 13.6 0.86 0.133
100944 NCV N 16.0 0.998 3.3 1.40 1.02 2.24 3.62 8.10 1.13 16 15.0 16 15.1 0.42 0.281 16 15.1 0.26 0.229
100945 NCV N 16.0 0.998 1.0 7.47 0.734 2.29 3.74 8.36 1.18 18 13.6 18 13.8 0.45 0.279 18 13.8 0.26 0.229
100946 NCV N 16.0 0.998 0.3 9.78 0.684 2.21 3.75 8.55 1.25 12 12.3 12 12.1 0.00 0.288 12 12.1 0.00 0.288
100947 NCV N 16.0 0.998 16.2 18.6 0.591 2.28 3.91 8.94 1.31 14 10.8 13 10.8 0.00 0.288 13 10.6 0.00 0.288
100948 NCV N 16.0 0.998 21.1 1.95 1.07 2.39 3.97 9.24 1.30 20 10.7 19 10.7 0.00 0.288 19 10.7 0.00 0.288
100949 NCV N 16.0 0.998 1.9 11.7 0.658 2.23 3.80 8.70 1.26 12 11.9 12 11.8 0.00 0.288 12 11.8 0.00 0.288
100950 NCV N 16.0 0.998 1.6 16.7 0.604 2.27 3.70 8.06 1.13 18 14.8 19 15.7 0.73 0.259 19 15.8 1.19 0.101
100951 NCV N 16.0 0.998 2.5 4.24 0.728 2.25 3.59 8.18 1.14 16 14.8 16 14.8 0.00 0.288 16 14.8 0.00 0.288
100952 NCV N 16.0 0.998 0.8 6.99 0.720 2.21 3.79 8.64 1.24 12 12.1 12 12.1 0.00 0.288 12 12.1 0.00 0.288
100953 NCV N 16.0 0.998 1.5 2.63 0.809 2.33 3.72 8.37 1.19 20 13.8 19 13.7 0.00 0.288 19 13.7 0.00 0.288
100954 NCV N 16.0 0.998 1.6 4.42 0.707 2.21 3.67 8.30 1.14 14 14.3 15 14.8 0.75 0.263 15 15.2 1.38 0.085
100955 NCV N 16.0 0.998 0.1 7.80 0.682 2.26 3.87 8.85 1.24 14 11.7 14 12.1 0.73 0.264 15 12.4 1.12 0.104
100956 NCV N 16.0 0.998 2.6 3.32 0.806 2.31 3.75 8.60 1.19 18 13.2 18 13.2 0.00 0.288 18 13.2 0.00 0.288
100957 SFBA Y 15.0 0.995 16.0 1.57 1.58 6.06 4.98 11.3 1.45 - - - - - - - - - -
100958 SFBA Y 15.0 0.995 11.5 1.62 1.55 6.12 4.99 11.9 1.47 - - - - - - - - - -
100961 SFBA Y 14.4 0.993 6.0 1.82 0.928 3.32 4.59 10.1 1.33 67 10.1 68 11.3 0.31 0.268 69 12.2 0.92 0.125
100963 SFBA Y 14.4 0.993 11.8 0.871 1.50 4.00 4.54 10.1 1.28 104 12.8 - - - - - - - -
100965 SFBA Y 14.4 0.993 2.2 1.52 1.54 6.13 4.90 12.0 1.36 - - - - - - - - - -
100966 SFBA Y 15.0 0.993 7.2 3.46 1.47 12.7 5.09 15.2 1.69 - - - - - - - - - -
100967 SFBA Y 14.4 0.993 2.0 2.07 1.31 8.93 7.50 12.6 1.55 359 12.0 361 13.6 0.03 0.281 363 13.8 0.20 0.241
100968 SFBA Y 15.0 0.993 4.1 1.78 1.34 8.20 6.81 11.9 1.45 325 13.8 326 14.3 0.01 0.286 326 14.2 0.05 0.277
100969 SFBA Y 15.0 0.993 13.2 1.09 1.30 5.36 5.27 10.0 1.32 178 14.1 177 14.1 0.00 0.288 176 14.1 0.00 0.288
100970 SFBA Y 15.0 0.993 7.0 1.53 1.42 6.43 6.03 11.1 1.41 231 12.6 231 13.4 0.03 0.283 232 13.6 0.16 0.250
100973 LAB Y 18.1 0.947 11.2 2.11 1.43 7.48 8.69 11.9 1.39 - - - - - - - - - -
100974 LAB Y 18.1 0.947 7.3 2.10 1.24 6.36 5.20 12.2 1.39 - - - - - - - - - -
100975 LAB Y 18.0 0.947 0.4 1.21 0.891 2.94 4.30 9.40 1.20 - - 59 13.6 0.49 0.255 63 16.1 1.86 0.057
100976 LAB Y 18.1 0.947 7.6 0.863 1.39 3.25 4.29 9.36 1.17 75 12.2 77 14.2 0.34 0.265 79 16.1 1.24 0.097
100977 SFBA Y 15.2 0.982 26.4 1.38 1.54 5.23 7.39 10.6 1.38 - - - - - - - - - -
100978 SFBA Y 15.2 0.982 30.7 1.40 1.56 5.66 5.75 10.9 1.40 192 11.2 193 12.5 0.07 0.278 194 12.9 0.33 0.215
100979 NCV N 16.0 0.998 0.6 0.713 1.12 2.18 3.54 8.12 1.14 13 14.9 12 14.9 0.00 0.288 12 14.9 0.00 0.288
100980 NCV N 16.0 0.998 0.0 14.4 0.642 2.25 3.77 8.72 1.25 14 12.1 13 11.9 0.00 0.288 13 11.9 0.00 0.288
100981 NCV N 16.0 0.998 1.4 11.9 0.597 2.19 3.71 8.46 1.19 12 13.2 12 13.3 0.36 0.284 12 13.3 0.20 0.241
100982 NCV N 16.0 0.998 0.3 3.03 0.744 2.29 3.56 7.66 1.07 21 16.8 22 17.3 0.57 0.272 22 17.3 0.53 0.182
100983 NCV N 16.0 0.998 0.1 7.50 0.677 2.32 3.84 8.52 1.21 19 12.7 19 13.1 0.59 0.271 19 13.1 0.50 0.183



       Table S2.  Measured data and model results for all 905 samples. Page S22              

Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

100984 NCV N 16.0 0.998 0.9 5.37 0.709 2.20 3.61 8.30 1.21 12 13.6 12 13.6 0.00 0.288 12 13.6 0.00 0.288
100985 NCV N 16.0 0.998 1.8 9.05 0.565 2.14 3.60 7.98 1.12 11 14.9 11 15.4 0.80 0.262 12 15.4 1.00 0.119
100986 NCV N 16.0 0.998 0.0 15.9 0.508 2.13 3.53 7.97 1.16 10 14.7 9 14.7 0.00 0.288 9 14.7 0.00 0.288
100987 NCV N 16.0 0.998 0.2 8.83 0.371 2.02 3.33 7.77 1.12 5 16.1 5 16.0 0.00 0.288 5 16.0 0.00 0.288
100988 NCV N 16.0 0.998 0.2 5.74 0.398 2.12 3.53 7.81 1.12 11 15.4 10 15.4 0.00 0.288 10 15.4 0.00 0.288
100989 NCV N 16.5 0.998 0.5 11.9 0.371 2.15 3.50 7.36 1.14 - - - - - - - - - -
100990 NCV N 16.5 0.998 1.0 0.558 1.22 2.06 3.38 7.56 1.06 9 17.0 8 16.9 0.00 0.288 8 16.9 0.00 0.288
100991 NCV N 16.5 0.998 0.2 20.5 0.427 1.94 3.48 7.66 1.09 2 15.6 2 16.1 0.98 0.241 2 15.9 2.39 0.035
100992 NCV N 16.5 0.998 0.1 22.1 0.426 2.05 3.50 7.71 1.16 6 15.0 6 15.0 0.00 0.288 6 15.0 0.00 0.288
100993 NCV N 16.0 0.998 0.1 13.4 0.463 5.66 5.31 9.85 1.26 197 16.2 197 16.2 0.00 0.288 196 16.2 0.00 0.288
100994 NCV N 16.0 0.998 0.2 23.1 0.476 2.05 3.50 8.10 1.09 7 15.3 8 15.9 0.90 0.252 10 19.5 3.86 0.011
100995 NCV N 16.0 0.998 0.9 0.728 1.12 2.31 3.85 8.79 1.17 18 12.8 19 14.3 0.78 0.250 21 16.1 2.53 0.031
100996 NCV N 16.0 0.998 15.9 2.02 0.844 2.37 3.79 8.52 1.14 23 14.1 23 15.2 0.69 0.258 25 16.2 1.75 0.062
100997 NCV N 16.0 0.998 32.0 3.06 1.08 2.31 3.72 8.77 1.26 17 12.5 16 12.3 0.00 0.288 16 12.3 0.00 0.288
100998 NCV N 16.0 0.998 14.4 0.619 1.66 2.27 3.89 8.60 1.32 14 11.3 13 11.1 0.00 0.288 13 11.0 0.00 0.288
100999 SFBA Y 12.3 0.995 13.3 0.699 1.74 2.94 4.00 8.86 1.21 51 13.7 49 13.6 0.00 0.288 49 13.5 0.00 0.288
101000 SFBA Y 12.3 0.995 13.3 0.707 1.52 2.91 4.10 8.48 1.15 52 14.5 54 16.2 0.43 0.265 54 16.7 0.98 0.122
101001 SFBA Y 12.3 0.995 12.4 0.604 1.48 2.53 3.82 7.71 1.03 - - 38 20.8 0.65 0.254 39 21.3 1.89 0.060
101002 SFBA Y 15.7 0.995 13.3 0.712 1.52 2.85 3.98 8.33 1.16 49 14.8 49 15.3 0.26 0.278 49 15.3 0.29 0.223
101003 SFBA Y 15.7 0.995 13.6 0.721 1.51 2.95 3.98 8.56 1.11 55 15.6 56 16.7 0.33 0.272 57 17.5 0.82 0.141
101004 SFBA Y 15.7 0.995 14.5 0.957 1.43 3.97 4.51 9.28 1.26 104 14.0 102 13.8 0.00 0.288 101 13.8 0.00 0.288
101005 SFBA Y 15.7 0.995 13.5 0.989 1.43 3.61 4.29 7.43 0.878 - - - - - - - - - -
101006 SFBA Y 15.7 0.995 4.6 0.754 1.48 2.95 4.12 6.66 0.921 - - - - - - - - - -
101007 SFBA Y 15.7 0.995 15.6 0.706 1.45 3.26 4.22 8.04 1.15 - - - - - - - - - -
101008 SFBA Y 15.7 0.995 13.5 0.724 1.53 3.08 4.16 8.13 1.19 - - - - - - - - - -
101009 SFBA Y 12.3 0.995 14.2 1.06 1.45 4.12 4.75 9.36 1.24 114 13.9 115 14.9 0.13 0.278 115 15.2 0.35 0.211
101010 SFBA Y 15.0 0.995 0.8 1.92 1.01 4.64 4.67 10.8 1.45 - - - - - - - - - -
101011 SFBA Y 15.0 0.995 4.8 4.73 0.976 4.71 5.53 10.5 1.39 - - 142 13.3 0.21 0.266 145 14.3 0.87 0.133
101012 SFBA Y 15.0 0.995 13.5 1.80 1.38 6.02 5.89 11.4 1.48 202 10.5 202 10.7 0.01 0.287 202 10.7 0.03 0.280
101013 SFBA Y 15.0 0.995 8.1 1.52 1.48 6.14 6.04 11.7 1.51 206 9.7 206 10.1 0.02 0.284 207 10.3 0.12 0.258
101014 SFBA Y 15.0 0.995 13.6 1.64 1.54 6.22 6.05 11.0 1.44 218 11.7 219 13.0 0.05 0.280 220 13.0 0.22 0.235
101015 SFBA Y 15.0 0.995 14.7 1.56 1.57 6.34 5.74 10.7 1.43 223 13.2 216 12.8 0.00 0.288 - - - -
101016 SFBA Y 15.0 0.995 7.6 1.76 1.47 6.83 4.99 12.5 1.40 - - - - - - - - - -
101017 SFBA Y 15.0 0.995 7.7 1.82 1.48 7.05 4.98 12.0 1.45 - - - - - - - - - -
101018 SFBA Y 15.0 0.995 2.7 1.14 1.34 5.38 5.84 11.5 1.46 170 9.2 171 11.2 0.12 0.272 174 12.3 0.61 0.165
101019 SFBA Y 15.7 0.995 14.0 1.00 1.50 3.68 4.38 9.01 1.22 91 14.4 90 14.4 0.00 0.288 90 14.4 0.00 0.288
101020 SFBA Y 15.7 0.995 13.9 0.897 1.48 3.31 4.16 9.12 1.19 71 14.3 71 14.3 0.00 0.288 71 14.3 0.00 0.288
101021 SFBA Y 15.7 0.995 13.2 1.42 1.63 4.07 4.85 10.1 1.24 - - 112 15.0 0.23 0.268 115 16.8 0.98 0.122
101022 SFBA Y 15.7 0.995 12.5 1.49 1.97 5.37 4.97 11.0 1.32 - - - - - - - - - -
101023 SFBA Y 15.7 0.995 10.7 2.36 2.97 4.15 4.98 10.5 1.27 - - 115 14.3 0.24 0.266 119 16.5 1.11 0.110
101024 SFBA Y 15.7 0.995 14.1 1.21 1.49 4.52 4.80 9.94 1.22 135 14.6 136 15.0 0.04 0.284 136 15.5 0.23 0.236
101025 SFBA Y 15.7 0.995 12.8 0.822 1.46 3.35 4.14 41.0 1.21 - - - - - - - - - -
101026 SFBA Y 15.7 0.995 8.1 2.81 1.21 4.54 4.98 10.3 1.31 132 12.3 132 12.7 0.04 0.284 133 13.1 0.20 0.241
101027 SFBA Y 15.7 0.995 14.2 1.30 1.72 4.93 5.00 10.9 1.33 150 12.6 - - - - - - - -
101028 SFBA Y 15.7 0.995 14.5 2.03 1.60 7.04 5.09 11.4 1.36 - - - - - - - - - -
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101029 SFBA Y 15.0 0.995 13.0 1.56 1.62 5.98 4.94 11.6 1.30 - - - - - - - - - -
101030 SFBA Y 15.0 0.995 10.3 1.77 1.54 6.67 4.94 12.0 1.45 - - - - - - - - - -
101031 SFBA Y 15.0 0.995 8.0 1.46 1.54 5.93 4.97 11.9 1.37 - - - - - - - - - -
101032 SFBA Y 15.0 0.995 3.9 1.27 1.43 5.02 4.95 11.4 1.43 - - - - - - - - - -
101033 SFBA Y 15.0 0.995 10.2 1.70 1.50 6.74 4.99 9.37 1.32 - - - - - - - - - -
101034 SFBA Y 15.0 0.995 5.8 1.70 1.50 6.95 4.97 11.1 1.28 - - - - - - - - - -
101035 SFBA Y 15.0 0.995 9.8 1.58 1.45 6.46 4.96 12.1 1.48 - - - - - - - - - -
101036 SFBA Y 15.0 0.995 2.5 1.33 1.23 4.61 4.97 10.7 1.44 128 10.6 - - - - - - - -
101037 SFBA Y 15.0 0.995 9.3 1.42 1.42 6.29 6.16 11.9 1.49 215 9.9 216 11.0 0.05 0.280 218 11.6 0.30 0.219
101038 SFBA Y 15.0 0.995 0.7 1.11 1.31 4.71 5.43 11.0 1.45 135 9.1 136 10.4 0.12 0.275 137 10.9 0.46 0.189
101039 SFBA Y 15.0 0.995 7.5 1.56 1.56 5.60 5.84 11.3 1.43 183 10.4 185 12.2 0.10 0.275 188 13.1 0.51 0.182
101040 SFBA Y 15.0 0.995 13.0 1.58 1.48 6.31 5.87 10.2 1.40 - - - - - - - - - -
101041 SFBA Y 15.1 0.995 8.9 3.82 1.51 11.6 6.87 13.4 1.55 - - - - - - - - - -
101042 SFBA Y 15.1 0.995 10.8 2.16 1.32 6.57 6.07 11.0 1.36 242 13.7 243 15.0 0.05 0.281 244 15.4 0.26 0.230
101043 SFBA Y 15.1 0.995 15.5 0.949 1.54 3.62 4.45 9.06 1.22 88 13.9 88 14.6 0.14 0.279 89 14.7 0.29 0.224
101044 SFBA Y 15.1 0.995 9.7 1.52 1.44 5.40 5.40 10.7 1.36 175 12.4 175 12.5 0.01 0.287 175 12.6 0.05 0.275
101045 SFBA Y 15.0 0.995 30.2 1.87 1.36 5.55 5.47 10.8 1.36 183 12.6 183 12.7 0.01 0.287 184 12.8 0.05 0.275
101046 SFBA Y 15.0 0.995 30.1 1.77 1.46 6.42 5.63 10.8 1.39 228 14.1 - - - - - - - -
101048 SFBA Y 15.0 0.995 27.7 2.77 1.16 5.51 4.93 11.2 1.38 - - - - - - - - - -
101049 SFBA Y 15.0 0.995 32.0 1.65 1.43 5.41 4.93 10.7 1.31 - - - - - - - - - -
101050 SFBA Y 15.0 0.995 19.5 1.71 1.51 5.73 4.95 10.6 1.30 - - - - - - - - - -
101051 SFBA Y 15.0 0.995 11.9 1.57 1.37 5.83 5.50 10.6 1.32 202 14.1 202 14.2 0.00 0.288 202 14.3 0.03 0.282
101052 SFBA Y 15.0 0.995 13.4 2.09 1.43 7.77 6.24 11.5 1.37 304 15.7 295 15.3 0.00 0.288 295 15.3 0.00 0.288
101053 SFBA Y 15.0 0.995 14.8 1.65 1.46 6.62 5.60 10.8 1.39 - - - - - - - - - -
101054 SFBA Y 15.7 0.995 14.6 1.46 1.41 5.39 5.35 10.3 1.32 178 13.6 179 14.1 0.03 0.285 179 14.2 0.12 0.259
101055 SCV N 15.8 0.999 2.2 1.28 1.49 2.77 4.26 9.62 1.30 38 10.4 39 11.2 0.45 0.267 39 11.8 0.98 0.117
101056 SCV N 15.8 0.999 9.0 1.19 1.91 3.05 4.31 9.35 1.31 53 11.3 53 11.5 0.12 0.283 53 11.5 0.12 0.259
101057 SCV N 15.8 0.999 9.0 1.45 1.83 3.74 4.58 9.50 1.31 90 12.4 90 12.4 0.02 0.287 90 12.3 0.00 0.288
101064 SFBA Y 14.4 0.995 7.8 1.88 1.49 8.91 6.90 12.1 1.46 362 15.1 353 14.7 0.00 0.288 351 14.7 0.00 0.288
101065 SFBA Y 14.4 0.995 6.5 1.32 1.49 5.97 5.79 10.6 1.43 204 12.2 205 12.5 0.01 0.287 204 12.2 0.00 0.288
101066 SFBA Y 14.4 0.995 - 0.897 1.49 4.29 5.01 9.78 1.28 122 12.6 123 14.7 0.19 0.271 125 15.4 0.67 0.159
101067 SFBA Y 14.4 0.999 3.8 31.9 1.17 5.67 6.04 11.2 1.47 - - 187 12.3 0.12 0.272 190 12.9 0.55 0.175
101068 SFBA Y 15.7 0.995 11.3 1.00 1.54 4.20 4.71 8.65 1.23 - - - - - - - - - -
101070 SFBA Y 15.7 0.995 12.5 0.748 1.47 3.50 4.11 8.56 1.19 83 15.9 78 15.5 0.00 0.288 78 15.5 0.00 0.288
101071 SFBA Y 14.4 0.995 4.4 2.30 1.46 9.31 7.51 13.6 1.58 372 11.4 372 11.9 0.01 0.286 374 12.4 0.12 0.259
101072 SFBA Y 14.4 0.995 4.5 2.70 1.36 11.2 7.83 14.1 1.60 - - - - - - - - - -
101073 SFBA Y 14.4 0.999 3.4 50.1 0.936 5.06 5.65 10.7 1.53 150 9.0 - - - - - - - -
101074 SFBA Y 15.0 0.995 11.6 1.68 1.78 6.41 6.07 10.7 1.42 230 12.7 231 13.6 0.04 0.282 231 13.4 0.12 0.260
101075 SFBA Y 14.4 0.995 4.5 6.56 0.808 6.72 6.19 11.0 1.46 244 12.4 244 12.8 0.01 0.286 244 12.4 0.00 0.288
101077 SFBA Y 15.0 0.995 9.5 1.59 1.54 6.30 6.25 11.1 1.51 - - - - - - - - - -
101078 SFBA Y 15.0 0.995 1.4 1.23 1.32 5.65 5.53 11.0 1.31 192 13.3 193 14.5 0.06 0.280 195 15.5 0.37 0.207
101081 SFBA Y 14.4 0.995 5.6 1.14 1.43 5.11 5.78 11.3 1.35 - - 166 14.8 0.21 0.263 173 17.8 1.20 0.102
101082 SFBA Y 14.4 0.995 6.8 2.40 1.43 9.27 7.38 12.7 1.59 370 12.3 366 12.1 0.00 0.288 363 12.0 0.00 0.288
101083 SFBA Y 14.4 0.995 5.3 0.682 1.37 3.70 4.77 10.1 1.29 88 11.1 90 13.3 0.30 0.265 92 14.9 1.11 0.108
101086 SFBA Y 15.0 0.995 15.5 2.62 1.54 9.17 6.99 12.1 1.34 391 18.0 392 18.3 0.01 0.287 393 18.7 0.07 0.272
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101087 SFBA Y 15.0 0.995 15.3 1.55 1.52 5.95 5.65 10.7 1.26 213 15.0 215 16.8 0.07 0.278 218 18.1 0.46 0.194
101088 SFBA Y 15.7 0.995 11.0 2.75 1.84 8.18 6.80 12.3 1.45 322 13.4 322 13.9 0.01 0.286 324 14.2 0.11 0.262
101090 SFBA Y 15.7 0.995 15.8 1.51 1.46 5.35 5.35 10.4 1.29 178 13.8 178 14.6 0.05 0.282 179 15.1 0.25 0.230
101091 SFBA Y 15.7 0.995 12.7 0.792 1.48 3.16 4.05 8.14 1.15 66 16.1 66 16.3 0.07 0.285 66 16.1 0.00 0.288
101092 SFBA Y 15.7 0.995 14.6 3.41 1.39 12.1 7.94 13.7 1.60 - - - - - - - - - -
101093 SFBA Y 15.1 0.995 8.8 1.46 1.54 5.83 5.55 10.9 1.36 198 13.0 197 12.9 0.00 0.288 198 12.9 0.00 0.288
101094 SFBA Y 15.0 0.995 12.2 1.05 1.37 4.48 4.75 9.76 1.25 132 14.4 130 14.2 0.00 0.288 130 14.3 0.00 0.288
101095 SFBA Y 15.0 0.995 16.0 2.16 1.22 5.38 5.21 10.3 1.35 175 13.5 169 13.2 0.00 0.288 169 13.2 0.00 0.288
101096 SFBA Y 15.7 0.995 2.2 2.54 0.954 4.27 5.18 10.3 1.37 116 10.3 118 12.4 0.21 0.268 119 13.2 0.75 0.146
101097 SFBA Y 15.7 0.995 11.9 1.81 1.83 5.39 5.49 10.6 1.38 175 12.1 176 12.7 0.04 0.283 176 12.8 0.15 0.253
101098 SFBA Y 15.0 0.995 10.3 1.48 1.40 5.72 5.24 10.1 1.33 195 15.0 - - - - - - - -
101099 SFBA Y 15.7 0.995 13.8 1.16 1.60 4.64 4.97 10.0 1.31 138 12.9 138 13.0 0.01 0.288 138 13.0 0.02 0.282
101100 SFBA Y 15.7 0.995 14.2 3.41 1.62 12.3 7.93 13.5 1.57 - - - - - - - - - -
101101 SFBA Y 15.0 0.995 14.2 2.62 1.38 8.16 6.30 11.3 1.41 323 16.3 - - - - - - - -
101104 SFBA Y 15.7 0.995 14.9 1.26 1.56 5.01 5.02 10.0 1.31 158 14.0 154 13.8 0.00 0.288 154 13.7 0.00 0.288
101105 SFBA Y 15.7 0.995 17.1 5.46 1.53 23.5 7.95 26.9 2.56 - - - - - - - - - -
101106 SFBA Y 15.7 0.995 3.1 2.15 3.18 3.91 4.90 10.2 1.36 97 10.2 98 11.4 0.18 0.274 99 11.9 0.54 0.176
101107 SFBA Y 15.0 0.995 11.2 1.46 1.49 5.56 5.70 11.0 1.37 184 11.7 186 13.5 0.10 0.276 189 14.5 0.50 0.185
101108 SFBA Y 15.7 0.995 7.9 3.14 2.10 6.87 6.35 11.6 1.41 254 12.4 256 14.2 0.06 0.279 259 15.0 0.35 0.210
101109 SFBA Y 15.7 0.995 16.0 0.874 1.58 3.54 4.37 9.30 1.25 82 13.2 81 13.1 0.00 0.288 81 13.1 0.00 0.288
101110 SFBA Y 15.0 0.995 1.1 3.01 0.807 4.36 5.06 9.91 1.37 121 11.3 122 12.1 0.10 0.279 122 12.1 0.23 0.234
101111 SFBA Y 15.7 0.995 14.9 1.55 1.63 5.99 5.67 10.8 1.38 207 12.9 207 12.9 0.00 0.288 207 12.9 0.00 0.288
101112 SFBA Y 15.0 0.995 3.3 1.81 1.04 4.89 5.29 10.8 1.38 147 11.0 148 11.6 0.06 0.281 148 12.1 0.28 0.224
101113 SFBA Y 15.0 0.995 14.4 1.66 1.37 6.06 5.57 10.7 1.30 215 14.7 215 14.9 0.01 0.287 216 15.2 0.08 0.268
101127 LAB Y 18.1 0.996 108.9 0.845 1.87 3.35 4.30 8.94 1.15 75 14.8 77 16.6 0.31 0.269 78 17.6 0.92 0.130
101128 SCV N 15.6 0.998 23.5 1.56 1.98 2.61 3.96 8.54 1.21 34 13.2 34 13.6 0.36 0.276 34 13.6 0.31 0.217
101129 SFBA Y 15.0 0.995 12.2 5.56 0.745 6.08 5.46 10.7 1.38 210 13.8 - - - - - - - -
101130 SFBA Y 15.1 0.995 10.8 1.99 1.31 6.81 5.62 10.6 1.35 252 16.1 - - - - - - - -
101131 SCV N 15.6 0.998 18.2 2.11 1.66 2.58 4.00 9.00 1.24 31 12.1 31 12.3 0.30 0.279 31 12.5 0.37 0.205
101132 SCV N 15.6 0.998 18.4 0.941 2.46 2.67 3.94 8.61 1.22 37 13.4 36 13.4 0.00 0.288 36 13.3 0.00 0.288
101133 SCV N 15.6 0.998 5.9 1.04 1.60 2.69 4.20 9.07 1.26 36 11.4 37 12.8 0.56 0.259 38 13.3 1.21 0.096
101134 SFBA Y 15.7 0.995 14.3 1.50 1.20 4.30 4.68 9.74 1.30 120 13.4 115 13.1 0.00 0.288 115 13.1 0.00 0.288
101136 SCV N 15.6 0.998 1.3 2.58 1.14 2.52 4.04 9.22 1.28 27 11.1 27 11.3 0.33 0.279 27 11.4 0.42 0.197
101137 SCV N 15.6 0.998 1.7 2.04 1.49 2.52 3.94 8.69 1.23 28 12.7 28 12.9 0.35 0.278 28 12.9 0.28 0.224
101138 SFBA Y 15.7 0.995 4.8 3.98 4.98 4.23 4.98 10.3 1.38 113 10.7 113 11.1 0.08 0.282 113 11.3 0.21 0.239
101139 SFBA Y 15.7 0.995 10.8 1.30 2.31 4.41 5.03 10.2 1.35 124 11.5 124 12.2 0.09 0.280 125 12.5 0.29 0.221
101140 SCV N 15.6 0.998 4.7 3.09 1.44 2.37 3.82 8.60 1.21 21 13.0 21 13.0 0.28 0.283 21 13.1 0.17 0.248
101141 SCV N 15.6 0.998 7.6 2.75 1.84 2.31 3.75 8.36 1.17 19 13.8 19 14.1 0.55 0.274 19 14.1 0.51 0.182
101142 SCV N 15.6 0.998 25.9 2.68 2.42 2.29 3.86 8.95 1.27 15 11.5 15 11.5 0.00 0.288 15 11.5 0.00 0.288
101143 SFBA Y 15.7 0.995 11.1 1.75 2.23 5.95 5.52 10.7 1.38 204 13.3 198 13.1 0.00 0.288 198 13.1 0.00 0.288
101145 SCV N 15.6 0.998 24.7 2.55 2.45 2.33 3.78 8.59 1.23 18 12.7 17 12.6 0.00 0.288 17 12.6 0.00 0.288
101146 SCV N 15.6 0.998 19.2 1.38 2.13 2.67 4.28 9.79 1.40 31 8.9 31 8.9 0.00 0.288 31 8.9 0.00 0.288
101147 SCV N 15.6 0.998 29.0 6.00 2.20 2.29 3.79 8.36 1.28 16 12.4 15 12.2 0.00 0.288 15 12.2 0.00 0.288
101148 SCV N 15.6 0.998 24.2 6.90 2.20 2.44 3.86 8.43 1.24 25 12.9 24 12.9 0.00 0.288 23 12.8 0.00 0.288
101149 SCV N 15.6 0.998 25.5 0.565 2.69 2.68 3.93 8.33 1.29 - - - - - - - - - -
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101150 SCV N 15.6 0.998 31.3 1.46 2.63 2.25 3.81 9.02 1.30 12 11.2 11 11.0 0.00 0.288 11 10.9 0.00 0.288
101151 SCV N 15.8 0.999 22.9 0.905 2.05 3.78 4.96 10.6 1.40 88 9.1 89 10.7 0.26 0.268 91 11.7 0.87 0.130
101152 SCV N 15.8 0.999 0.8 1.50 1.51 2.67 4.17 9.48 1.31 33 10.6 34 10.9 0.35 0.276 34 11.2 0.55 0.174
101153 SCV N 15.8 0.999 16.0 0.864 2.22 3.00 4.38 9.82 1.33 50 10.2 50 10.8 0.30 0.274 50 11.2 0.63 0.162
101154 SCV N 15.8 0.999 7.8 1.12 1.83 2.81 4.32 9.70 1.35 39 9.7 40 10.2 0.33 0.275 40 10.4 0.52 0.178
101156 SFBA Y 15.0 0.993 5.1 1.12 1.42 4.73 5.17 10.3 1.37 140 11.5 140 11.9 0.04 0.284 140 11.9 0.12 0.258
101157 SFBA Y 15.0 0.993 9.4 1.03 1.40 4.60 5.10 10.2 1.31 136 12.3 137 13.5 0.11 0.277 138 14.1 0.43 0.197
101160 SFBA Y 14.4 0.995 2.6 1.15 1.38 4.32 5.21 10.8 1.39 117 9.6 118 11.5 0.20 0.270 120 12.6 0.78 0.142
101161 SFBA Y 14.4 0.995 6.4 0.833 1.46 3.78 4.93 10.3 1.39 89 9.3 90 10.7 0.24 0.270 91 11.3 0.69 0.152
101162 SFBA Y 14.4 0.995 4.5 1.25 1.46 5.00 5.73 11.4 1.49 148 8.3 150 10.3 0.15 0.270 152 11.1 0.65 0.158
101163 SFBA Y 14.4 0.995 4.8 8.50 0.784 7.17 6.66 12.6 1.56 258 9.4 259 10.4 0.04 0.281 260 10.9 0.23 0.233
101170 SFBA Y 15.6 0.991 10.8 0.877 1.49 3.60 4.55 9.71 1.27 84 12.0 85 13.0 0.19 0.276 86 13.6 0.55 0.177
101171 SFBA Y 15.6 0.991 12.2 0.879 1.43 3.49 4.50 9.43 1.23 80 12.7 81 14.3 0.28 0.269 83 15.2 0.85 0.135
101172 SFBA Y 15.6 0.991 12.0 0.807 1.40 3.06 4.22 9.11 1.22 58 12.8 58 13.5 0.27 0.275 59 13.9 0.57 0.173
101173 SFBA Y 15.6 0.991 5.0 1.27 1.34 3.78 4.94 10.3 1.33 - - 94 12.6 0.31 0.263 97 14.1 1.16 0.102
101174 SFBA Y 15.6 0.991 13.3 1.53 1.60 5.15 5.36 9.89 1.29 169 13.8 171 15.4 0.10 0.277 172 15.7 0.37 0.208
101175 SFBA Y 15.6 0.991 3.0 1.33 1.26 3.67 4.81 9.87 1.33 86 10.4 87 12.2 0.28 0.267 89 12.8 0.80 0.140
101176 SFBA Y 15.6 0.991 12.1 0.702 1.39 3.02 4.15 8.59 1.26 56 13.1 55 13.1 0.00 0.288 54 13.0 0.00 0.288
101177 SCV N 15.8 0.999 6.7 1.05 1.82 3.21 4.52 9.82 1.36 60 10.0 60 10.6 0.24 0.276 60 10.8 0.43 0.193
101178 SCV N 15.6 0.998 17.4 0.744 2.18 2.36 3.91 8.98 1.30 18 11.1 17 10.9 0.00 0.288 17 10.9 0.00 0.288
101179 SCV N 15.6 0.998 12.2 0.536 1.70 2.25 3.85 9.04 1.33 12 10.6 11 10.4 0.00 0.288 11 10.4 0.00 0.288
101182 SFBA Y 15.0 0.995 11.5 1.87 1.46 7.21 6.36 12.1 1.51 262 11.2 259 11.1 0.00 0.288 259 11.1 0.00 0.288
101183 SFBA Y 15.0 0.995 14.2 2.39 1.55 9.34 7.32 13.0 1.67 364 11.0 - - - - - - - -
101184 SFBA Y 14.4 0.995 11.6 2.31 1.53 8.92 7.29 13.2 1.67 342 10.0 334 9.7 0.00 0.288 333 9.7 0.00 0.288
101185 SFBA Y 15.0 0.995 7.0 1.72 1.46 6.84 6.53 12.3 1.49 246 10.1 248 12.1 0.07 0.276 251 13.2 0.46 0.190
101186 SFBA Y 15.0 0.995 13.0 1.66 1.50 6.46 6.06 11.6 1.52 223 10.5 220 10.4 0.00 0.288 220 10.4 0.00 0.288
101187 SFBA Y 15.0 0.995 2.7 1.90 1.38 7.73 7.12 13.0 1.58 288 9.2 291 11.5 0.06 0.276 295 12.6 0.45 0.192
101188 SFBA Y 15.0 0.995 4.3 1.88 1.42 7.26 6.60 12.2 1.54 264 10.2 264 10.8 0.02 0.284 265 11.0 0.11 0.260
101198 LAB Y 15.9 0.996 0.4 0.891 1.34 3.63 4.67 10.3 1.36 - - 81 10.6 0.11 0.281 82 11.0 0.33 0.212
101199 LAB Y 15.9 0.996 6.6 1.49 1.51 6.01 5.77 11.2 1.42 204 11.8 204 11.8 0.00 0.288 204 11.9 0.03 0.281
101200 LAB Y 15.9 0.996 0.0 0.966 1.36 3.97 4.87 10.4 1.39 - - 98 10.3 0.05 0.284 99 10.5 0.16 0.249
101201 LAB Y 15.9 0.996 1.0 1.10 1.10 3.77 4.68 10.3 1.32 90 11.0 90 11.4 0.09 0.282 91 11.9 0.35 0.209
101202 SFBA Y 15.2 0.982 31.2 0.973 1.62 3.58 4.84 9.97 1.36 82 9.5 84 11.5 0.31 0.264 85 12.2 0.94 0.123
101203 SFBA Y 15.2 0.982 3.6 1.15 1.24 3.97 5.14 10.6 1.40 100 8.6 102 11.0 0.27 0.264 105 12.0 0.98 0.117
101204 SFBA Y 15.7 0.995 10.5 1.14 1.49 5.39 5.65 10.9 1.41 173 10.9 174 12.2 0.08 0.278 175 12.6 0.35 0.209
101205 SFBA Y 15.7 0.995 13.1 1.64 1.50 6.62 6.84 12.7 1.60 - - 232 10.5 0.11 0.268 237 11.9 0.72 0.150
101208 NCV N 16.0 0.998 1.4 6.88 0.493 2.20 3.64 7.91 1.09 15 15.5 16 17.0 0.81 0.251 17 17.3 1.92 0.055
101209 NCV N 16.5 0.998 0.1 7.64 0.484 2.25 3.51 7.97 1.11 17 15.9 16 15.8 0.00 0.288 16 15.8 0.00 0.288
101210 NCV N 16.0 0.998 0.3 1.75 1.28 4.68 4.89 10.0 1.34 137 13.0 131 12.7 0.00 0.288 131 12.7 0.00 0.288
101211 NCV N 16.0 0.998 0.0 6.16 0.498 2.23 3.55 7.96 1.12 16 15.5 15 15.5 0.00 0.288 15 15.4 0.00 0.288
101212 NCV N 16.0 0.998 0.2 3.34 0.562 2.24 3.43 7.89 1.16 - - - - - - - - - -
101213 NCV N 16.0 0.998 2.3 1.50 0.772 2.29 3.58 8.17 1.11 19 15.4 18 15.3 0.00 0.288 18 15.3 0.00 0.288
101214 NCV N 16.0 0.998 0.0 4.53 0.536 2.03 3.35 7.62 1.09 7 16.6 6 16.5 0.00 0.288 6 16.5 0.00 0.288
101215 NCV N 16.0 0.998 0.1 8.75 0.449 2.09 2.81 7.83 1.09 - - - - - - - - - -
101216 NCV N 16.0 0.998 0.1 16.2 0.432 2.00 4.70 7.39 1.07 - - - - - - - - - -
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101217 NCV N 16.0 0.998 0.1 7.12 0.532 2.07 3.41 7.67 1.08 9 16.5 8 16.4 0.00 0.288 8 16.4 0.00 0.288
101218 NCV N 16.5 0.998 9.6 0.707 1.48 2.95 3.85 8.57 1.15 53 15.7 50 15.4 0.00 0.288 50 15.4 0.00 0.288
101219 NCV N 16.5 0.998 4.4 0.653 1.21 2.05 3.27 7.80 1.05 8 17.3 7 17.2 0.00 0.288 7 17.2 0.00 0.288
101220 NCV N 16.5 0.998 4.7 11.6 0.657 2.49 3.63 8.13 1.11 30 16.1 29 15.9 0.00 0.288 29 15.9 0.00 0.288
101221 NCV N 16.5 0.998 8.8 9.56 0.690 2.27 3.55 8.10 1.10 18 15.7 18 15.6 0.00 0.288 18 15.6 0.00 0.288
101222 NCV N 16.5 0.998 21.1 3.39 0.867 1.97 3.39 7.92 1.05 3 16.2 4 17.4 0.96 0.240 8 21.8 4.73 0.006
101223 NCV N 16.5 0.998 2.9 5.00 0.818 2.36 3.89 8.88 1.27 19 11.6 18 11.6 0.00 0.288 18 11.5 0.00 0.288
101224 NCV N 16.5 0.998 12.6 1.13 0.979 1.90 3.32 7.58 1.07 0 16.5 0 16.5 0.00 0.288 0 16.5 0.00 0.288
101225 NCV N 16.5 0.998 0.2 15.0 0.716 2.48 3.97 8.65 1.28 26 11.9 25 11.9 0.00 0.288 25 11.9 0.00 0.288
101226 NCV N 16.0 0.998 0.5 5.10 0.764 2.08 3.60 8.07 1.17 7 14.0 7 14.0 0.00 0.288 7 14.0 0.00 0.288
101227 NCV N 16.5 0.998 0.4 13.0 0.709 2.31 3.95 8.99 1.34 15 10.5 14 10.4 0.00 0.288 14 10.3 0.00 0.288
101228 NCV N 16.5 0.998 0.3 9.01 0.714 2.30 3.77 8.59 1.23 17 12.6 16 12.5 0.00 0.288 16 12.4 0.00 0.288
101229 NCV N 16.0 0.998 0.6 4.37 0.792 2.09 3.33 7.40 1.06 11 17.6 10 17.4 0.00 0.288 10 17.4 0.00 0.288
101230 NCV N 16.0 0.998 2.1 2.66 0.928 2.29 3.45 7.78 1.09 20 16.9 19 16.7 0.00 0.288 19 16.7 0.00 0.288
101231 NCV N 16.0 0.998 1.6 2.75 0.897 2.12 3.37 7.43 1.05 12 17.6 11 17.4 0.00 0.288 11 17.3 0.00 0.288
101232 NCV N 16.0 0.998 0.0 3.10 0.836 2.03 3.23 7.13 1.02 8 18.8 7 18.5 0.00 0.288 7 18.5 0.00 0.288
101234 NCV N 16.0 0.998 0.1 5.49 0.753 2.10 3.29 7.15 1.05 12 18.5 11 18.1 0.00 0.288 11 18.1 0.00 0.288
101235 NCV N 16.0 0.998 16.9 6.18 0.716 3.44 4.86 10.2 1.45 69 8.3 70 9.5 0.31 0.267 71 9.8 0.68 0.153
101236 NCV N 16.0 0.998 3.5 25.4 0.482 2.19 3.62 8.37 1.12 13 14.5 14 15.0 0.76 0.263 15 16.4 2.21 0.042
101237 NCV N 16.0 0.998 0.0 15.7 0.511 4.35 5.09 9.89 1.22 - - 130 17.3 0.25 0.265 135 19.4 1.14 0.109
101238 NCV N 16.0 0.998 0.4 23.0 0.483 2.51 3.81 8.65 1.14 30 14.2 30 14.7 0.44 0.274 30 15.3 0.89 0.131
101239 NCV N 16.0 0.998 2.4 13.4 0.477 2.38 3.61 7.82 1.12 25 16.0 23 15.9 0.00 0.288 23 15.8 0.00 0.288
101240 NCV N 16.0 0.998 0.2 22.9 0.505 3.49 4.79 9.57 1.23 - - 84 16.7 0.42 0.255 88 18.9 1.71 0.067
101241 NCV N 16.0 0.998 4.0 13.9 0.483 2.63 4.04 8.61 1.21 35 13.0 36 14.2 0.55 0.263 36 14.4 0.99 0.120
101242 NCV N 16.0 0.998 4.1 17.9 0.480 2.32 3.64 7.92 1.14 21 15.3 20 15.3 0.00 0.288 20 15.2 0.00 0.288
101243 NCV N 16.0 0.998 1.4 14.4 0.462 2.58 3.88 8.65 1.17 33 13.8 33 14.2 0.34 0.278 33 14.4 0.51 0.183
101248 NCV N 16.0 0.998 0.2 8.90 0.585 2.06 3.35 7.70 1.04 9 17.2 8 17.2 0.00 0.288 9 17.2 0.00 0.288
101249 NCV N 16.5 0.998 2.2 3.73 0.654 2.20 3.39 7.62 1.03 17 17.8 16 17.7 0.00 0.288 16 17.7 0.00 0.288
101250 NCV N 16.5 0.998 3.3 0.962 0.922 2.01 3.26 7.43 1.03 7 18.0 6 17.9 0.00 0.288 6 17.9 0.00 0.288
101251 NCV N 16.5 0.998 1.7 4.21 0.513 1.91 3.23 7.37 1.00 2 18.3 2 18.3 0.00 0.288 2 18.3 0.00 0.288
101252 NCV N 16.5 0.998 1.4 0.481 1.33 1.98 3.26 7.17 0.973 6 19.1 7 19.9 0.92 0.251 7 20.1 2.15 0.047
101253 NCV N 16.5 0.998 1.9 0.463 1.35 1.96 3.23 7.13 0.969 6 19.3 6 19.7 0.91 0.258 6 19.9 1.72 0.067
101254 NCV N 16.5 0.998 0.2 1.87 0.524 2.00 3.26 7.38 0.963 8 19.0 10 22.0 0.91 0.245 12 24.3 3.91 0.012
101255 NCV N 16.5 0.998 1.0 4.92 0.474 2.05 3.29 7.39 0.982 10 18.8 10 19.1 0.77 0.270 11 19.7 1.57 0.076
101256 NCV N 16.5 0.998 1.5 14.9 0.410 2.06 3.40 7.62 1.09 8 16.4 8 16.4 0.00 0.288 8 16.4 0.00 0.288
101257 NCV N 16.5 0.998 0.1 29.2 0.429 2.54 3.64 7.86 1.14 33 16.2 31 16.0 0.00 0.288 31 16.0 0.00 0.288
101258 SFBA Y 15.6 0.989 2.4 1.25 1.48 5.01 5.13 10.5 1.33 157 12.6 156 12.6 0.00 0.288 156 12.6 0.00 0.288
101259 SFBA Y 15.6 0.989 10.3 1.01 1.63 4.22 4.63 9.85 1.31 115 12.9 110 12.6 0.00 0.288 110 12.6 0.00 0.288
101260 SFBA Y 15.6 0.989 5.4 1.15 1.67 4.27 5.02 10.0 1.32 119 11.4 120 13.0 0.17 0.273 121 13.6 0.57 0.173
101261 SFBA Y 15.6 0.989 10.2 1.05 1.63 4.13 4.83 9.95 1.29 112 12.1 113 13.1 0.13 0.277 114 13.6 0.44 0.194
101262 SFBA Y 15.6 0.989 9.6 1.28 1.44 5.19 5.14 10.5 1.34 166 13.0 161 12.7 0.00 0.288 162 12.8 0.00 0.288
101263 SFBA Y 15.6 0.989 12.2 1.30 1.50 5.27 5.38 10.6 1.34 172 12.4 172 13.2 0.05 0.282 173 13.6 0.24 0.232
101264 SFBA Y 15.6 0.989 14.2 1.08 1.62 4.47 4.94 9.88 1.31 130 12.7 130 13.1 0.05 0.284 131 13.2 0.15 0.252
101265 SFBA Y 15.7 0.995 13.0 0.615 1.38 2.54 3.75 8.38 1.13 33 15.0 33 15.0 0.03 0.288 33 15.1 0.12 0.258
101266 SFBA Y 15.7 0.995 0.0 45.7 0.543 1.97 3.61 8.34 1.20 1 12.8 1 12.8 0.00 0.288 1 12.8 0.00 0.288
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Sample 
Number Regiona 

AR 
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MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 
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Ne     
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Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
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(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

101267 SFBA Y 15.7 0.995 12.6 1.29 1.31 4.20 6.16 9.33 1.20 - - - - - - - - - -
101268 SFBA Y 15.6 0.989 8.8 1.37 1.74 4.97 7.18 10.7 1.34 - - - - - - - - - -
101269 SFBA Y 15.6 0.989 12.2 1.69 1.39 6.27 8.14 11.0 1.41 - - - - - - - - - -
101271 SFBA Y 15.6 0.989 22.6 3.26 5.06 4.03 6.30 9.66 1.30 - - - - - - - - - -
101272 SFBA Y 15.6 0.989 11.6 1.14 1.88 4.18 6.20 9.33 1.27 - - - - - - - - - -
101274 NCV N 16.5 0.992 1.7 11.3 0.244 2.54 3.53 7.78 0.984 37 18.8 38 19.6 0.42 0.274 39 20.6 0.99 0.125
101275 NCV N 16.5 0.992 26.2 15.2 0.320 6.19 5.86 10.7 1.27 229 15.0 231 17.7 0.09 0.276 235 19.1 0.54 0.182
101277 NCV N 16.0 0.998 2.9 6.32 0.472 2.16 3.57 8.18 1.05 14 15.8 17 20.2 0.85 0.243 21 24.1 3.85 0.013
101278 NCV N 16.0 0.998 1.7 12.6 0.477 2.87 4.22 9.44 1.16 - - 50 16.2 0.56 0.253 56 20.8 2.41 0.038
101279 NCV N 16.0 0.998 0.3 5.23 0.526 2.56 3.85 8.54 1.14 33 14.4 33 15.3 0.51 0.268 34 15.9 1.06 0.113
101280 NCV N 16.0 0.998 0.3 11.6 0.452 2.34 3.56 7.92 1.09 23 16.4 22 16.4 0.00 0.288 22 16.3 0.00 0.288
101281 NCV N 16.0 0.998 2.8 4.27 0.730 4.15 6.01 12.5 1.71 - - 99 6.2 0.35 0.251 102 7.6 1.44 0.073
101282 NCV N 16.0 0.998 1.8 14.5 0.486 2.98 4.32 9.34 1.26 51 11.6 52 13.0 0.42 0.265 53 13.7 1.03 0.114
101283 NCV N 16.0 0.998 0.2 13.4 0.460 2.55 3.85 8.48 1.15 32 14.3 32 15.1 0.49 0.269 33 15.5 0.88 0.133
101284 NCV N 16.0 0.998 1.3 19.7 0.480 2.95 4.38 9.50 1.29 48 10.8 49 12.2 0.46 0.262 50 12.9 1.13 0.104
101285 NCV N 16.0 0.998 2.6 3.15 0.883 2.65 3.86 8.52 1.15 37 14.6 38 15.0 0.32 0.277 38 15.3 0.51 0.184
101286 NCV N 16.0 0.998 2.3 3.63 0.820 2.49 3.65 7.95 1.11 31 16.3 30 16.2 0.00 0.288 30 16.2 0.00 0.288
101287 SCV N 15.6 0.998 14.4 1.96 1.94 2.45 3.98 8.19 1.20 - - 28 14.9 0.68 0.255 - - - -
101288 SCV N 15.6 0.998 21.9 4.41 2.10 2.27 3.84 8.03 1.13 - - 20 17.0 0.80 0.246 20 16.6 2.04 0.049
101289 SCV N 15.6 0.998 29.5 1.17 2.90 2.43 3.81 7.69 1.11 - - - - - - - - - -
101290 SCV N 15.6 0.998 11.6 - - 2.39 3.84 7.77 1.11 - - - - - - - - - -
101291 SCV N 15.6 0.998 26.0 1.14 2.49 2.53 3.93 8.01 1.14 32 14.7 33 16.6 0.64 0.257 - - - -
101292 SCV N 15.6 0.998 16.6 1.25 1.95 2.41 3.94 8.10 1.17 25 13.7 26 15.5 0.71 0.253 - - - -
101293 SCV N 15.8 0.999 4.0 1.70 1.70 2.55 4.13 8.84 1.19 - - 33 16.1 0.70 0.247 35 17.0 2.28 0.040
101294 SCV N 15.8 0.999 1.6 1.10 1.57 2.45 4.01 8.15 1.20 - - - - - - - - - -
101295 SCV N 15.8 0.999 1.0 3.88 0.918 2.52 3.98 8.63 1.19 30 13.1 30 14.5 0.63 0.258 31 15.0 1.36 0.087
101296 SCV N 15.8 0.999 7.4 0.770 1.73 3.13 4.45 9.33 1.28 59 11.5 60 13.2 0.40 0.264 61 13.8 0.98 0.119
101297 SCV N 15.8 0.999 18.7 0.844 2.18 3.44 4.80 9.78 1.32 - - 76 13.2 0.40 0.258 78 14.2 1.27 0.093
101298 SCV N 15.8 0.999 13.2 0.836 1.87 3.24 4.66 9.40 1.28 - - 68 14.4 0.46 0.256 69 15.3 1.43 0.081
101299 SCV N 15.8 0.999 3.2 0.915 1.64 2.72 4.16 8.68 1.20 40 12.9 41 14.9 0.57 0.257 42 15.3 1.34 0.088
101300 SCV N 15.8 0.999 2.9 0.837 1.53 2.79 4.31 9.00 1.23 - - 45 14.9 0.59 0.252 46 15.7 1.72 0.063
101301 SCV N 15.8 0.999 9.8 1.27 2.04 2.94 4.40 9.11 1.27 49 11.5 51 13.7 0.51 0.257 52 14.2 1.27 0.092
101302 SCV N 15.8 0.999 2.1 0.823 1.93 3.38 4.71 9.77 1.30 - - 73 13.3 0.40 0.259 75 14.4 1.29 0.091
101303 SCV N 15.8 0.999 1.0 0.868 1.44 2.81 4.29 9.11 1.23 43 11.9 45 14.5 0.58 0.254 47 15.5 1.67 0.066
101304 SCV N 16.4 0.999 19.7 3.54 1.47 11.4 8.76 13.7 1.58 496 14.4 500 17.0 0.03 0.281 505 17.5 0.24 0.235
101305 SCV N 16.4 0.999 0.3 4.67 1.56 2.29 3.67 8.05 1.10 20 15.4 20 16.5 0.73 0.258 21 17.0 1.50 0.078
101306 SCV N 15.8 0.999 0.8 2.87 1.56 2.99 4.22 9.06 1.18 54 13.4 56 15.4 0.45 0.263 57 16.7 1.31 0.092
101307 SCV N 16.4 0.999 0.4 9.32 0.906 7.02 6.20 11.3 1.31 269 15.4 271 17.2 0.05 0.280 274 18.2 0.35 0.213
101308 SCV N 16.4 0.999 0.2 17.4 0.690 2.15 3.39 7.65 1.02 14 17.7 14 17.8 0.30 0.285 15 18.0 0.46 0.195
101309 SCV N 16.4 0.999 0.1 3.94 0.924 2.22 3.62 7.79 1.05 18 16.5 19 19.1 0.81 0.248 20 19.5 2.33 0.040
101310 SCV N 16.4 0.999 0.5 16.8 0.672 2.34 3.55 8.04 1.02 24 17.3 25 18.5 0.67 0.262 27 21.3 2.28 0.043
101311 SCV N 16.4 0.999 0.0 6.95 0.863 2.18 3.61 8.00 1.05 15 16.0 18 20.0 0.84 0.244 18 20.4 3.01 0.023
101312 SCV N 16.4 0.999 0.7 15.6 0.673 2.25 3.57 7.87 1.05 19 16.6 19 17.7 0.74 0.259 20 18.4 1.68 0.068
101313 SCV N 16.4 0.999 0.2 14.2 0.702 2.23 3.55 7.79 1.07 17 16.5 18 17.1 0.71 0.264 18 17.4 1.10 0.111
101314 SCV N 16.4 0.999 15.8 3.71 1.40 2.29 3.67 7.96 1.06 21 16.0 22 18.5 0.77 0.250 23 19.3 2.26 0.042



       Table S2.  Measured data and model results for all 905 samples. Page S28              

Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

101315 SCV N 16.4 0.999 0.8 10.1 1.06 2.66 4.10 8.54 1.12 - - 43 19.1 0.65 0.249 45 20.3 2.28 0.042
101316 SCV N 16.4 0.999 27.0 3.27 1.49 2.24 3.63 7.67 1.04 19 16.7 21 19.2 0.79 0.249 21 19.3 2.09 0.049
101317 SCV N 16.4 0.999 4.8 7.45 1.18 1.81 3.15 6.96 0.965 0 19.6 0 19.6 0.00 - 0 19.6 0.00 -
101318 SCV N 16.4 0.999 16.9 1.47 1.98 2.18 3.52 7.48 1.01 17 17.8 19 20.6 0.82 0.249 19 20.7 2.30 0.042
101320 SCV N 16.4 0.999 22.7 4.25 1.54 2.43 3.70 7.91 1.09 28 16.1 28 17.1 0.59 0.265 29 17.3 0.96 0.126
101321 SCV N 16.4 0.999 23.9 1.68 2.18 2.42 3.72 8.42 1.13 25 14.7 25 14.9 0.30 0.281 26 15.1 0.46 0.192
101322 SCV N 16.4 0.999 16.7 2.82 1.74 2.33 3.66 8.48 1.14 20 14.5 20 14.5 0.00 0.288 20 14.6 0.10 0.263
101323 SCV N 16.4 0.999 28.6 1.18 2.71 2.58 3.75 8.21 1.07 36 16.3 36 17.3 0.50 0.268 37 18.2 1.14 0.108
101324 SCV N 16.4 0.999 36.7 0.872 2.86 2.51 3.71 8.38 1.10 31 15.6 32 16.0 0.36 0.278 32 16.5 0.72 0.154
101325 SCV N 16.4 0.999 5.9 2.28 1.59 2.23 3.54 8.04 1.05 17 16.4 18 17.1 0.72 0.263 19 18.6 1.99 0.052
101326 SCV N 16.4 0.999 48.2 1.19 3.17 2.42 3.68 8.34 1.11 26 15.3 26 15.6 0.36 0.279 26 16.0 0.64 0.164
101327 SCV N 16.4 0.999 13.0 2.18 1.72 2.44 3.70 8.57 1.11 27 15.0 27 15.3 0.40 0.277 27 16.2 1.02 0.118
101328 SCV N 16.4 0.999 3.2 3.13 0.912 2.46 3.81 8.65 1.18 26 13.7 26 13.8 0.18 0.284 26 13.9 0.29 0.222
101329 SCV N 16.4 0.999 3.2 1.75 1.05 2.93 4.16 9.17 1.19 50 13.1 51 14.5 0.42 0.266 53 15.6 1.15 0.104
101330 SCV N 16.4 0.999 3.1 2.22 1.01 3.06 4.26 9.37 1.28 54 11.9 55 12.1 0.11 0.283 55 12.2 0.21 0.239
101331 SCV N 16.4 0.999 2.1 4.44 0.803 2.85 3.96 8.68 1.17 47 14.4 47 14.4 0.00 0.288 47 14.5 0.04 0.277
101332 SCV N 16.4 0.999 12.1 20.6 0.719 2.48 3.88 8.53 1.19 27 13.5 28 14.0 0.50 0.271 28 14.1 0.63 0.164
101333 SCV N 16.4 0.999 13.8 5.79 0.906 2.41 3.81 8.48 1.15 24 14.0 25 14.7 0.62 0.265 25 15.2 1.15 0.104
101334 SCV N 15.8 0.999 20.3 0.981 2.52 2.92 4.27 9.28 1.27 48 11.6 49 12.6 0.40 0.268 49 13.1 0.83 0.137
101335 SCV N 15.8 0.999 2.8 0.858 1.61 2.83 4.23 9.48 1.32 42 10.7 42 10.9 0.17 0.282 42 11.0 0.23 0.233
101336 SCV N 15.8 0.999 0.5 6.94 0.829 2.63 4.14 9.60 1.32 31 10.3 31 10.4 0.09 0.286 31 10.6 0.28 0.223
101337 SCV N 15.8 0.999 9.8 0.716 2.26 2.73 4.19 9.68 1.31 36 10.4 36 10.5 0.21 0.281 36 10.9 0.44 0.192
101338 SCV N 15.8 0.999 1.8 0.729 1.47 2.99 4.39 9.93 1.34 49 9.9 49 10.5 0.29 0.275 49 10.9 0.63 0.162
101339 SCV N 15.8 0.999 12.3 0.877 1.71 3.66 4.81 10.5 1.38 82 9.5 83 10.5 0.22 0.272 84 11.4 0.70 0.152
101340 SCV N 15.8 0.999 32.0 0.783 3.54 3.12 4.37 9.61 1.30 57 11.1 57 11.8 0.25 0.275 58 12.1 0.53 0.178
101341 SCV N 15.8 0.999 1.1 3.94 1.59 2.51 3.98 9.30 1.24 27 11.7 27 12.0 0.46 0.274 27 12.8 1.05 0.112
101342 SCV N 15.8 0.999 0.4 3.36 1.19 2.61 4.11 9.36 1.26 32 11.3 32 12.2 0.55 0.264 33 13.1 1.32 0.088
101343 SCV N 15.8 0.999 0.2 0.942 1.42 2.75 4.22 9.68 1.28 38 10.7 39 11.7 0.49 0.264 40 12.8 1.32 0.087
101344 SCV N 16.4 0.999 1.0 3.67 1.01 2.59 4.12 9.43 1.27 30 11.0 31 11.8 0.56 0.263 32 12.8 1.35 0.085
101345 SCV N 15.8 0.999 0.9 1.16 1.37 2.77 4.23 9.62 1.29 38 10.6 39 11.3 0.43 0.269 40 12.0 0.95 0.121
101346 SCV N 15.8 0.999 6.9 3.17 0.942 2.62 4.12 9.31 1.28 32 11.1 32 11.7 0.49 0.268 33 12.2 0.92 0.124
101347 SCV N 15.8 0.999 15.6 1.55 1.50 2.69 4.05 9.18 1.17 38 13.0 39 14.8 0.58 0.258 42 17.4 2.00 0.051
101348 SCV N 15.8 0.999 19.2 0.704 2.65 3.04 4.29 9.46 1.20 56 12.6 57 14.6 0.44 0.262 60 16.6 1.49 0.078
101349 SCV N 15.8 0.999 43.9 0.810 4.51 3.30 4.40 9.66 1.24 68 12.3 69 13.5 0.29 0.271 70 14.6 0.87 0.132
101350 SCV N 15.8 0.999 31.3 0.796 3.39 3.21 4.44 9.76 1.26 63 11.6 64 13.2 0.37 0.265 66 14.5 1.16 0.103
101351 SCV N 15.8 0.999 25.8 0.842 3.18 3.42 4.57 9.85 1.25 74 11.8 76 14.0 0.35 0.264 78 15.8 1.26 0.095
101352 SCV N 15.8 0.999 14.5 0.722 2.01 2.97 4.20 9.29 1.20 52 12.8 53 14.2 0.40 0.266 55 15.4 1.15 0.104
101353 SCV N 15.8 0.999 0.1 4.77 1.00 2.62 4.05 9.26 1.27 32 11.5 32 11.6 0.22 0.282 32 11.8 0.36 0.208
101354 SCV N 16.4 0.999 32.5 1.70 2.32 2.50 3.79 8.68 1.13 30 14.5 30 15.2 0.51 0.270 31 16.3 1.30 0.092
101355 SCV N 16.4 0.999 21.9 1.65 2.00 2.46 3.75 8.45 1.13 28 14.7 28 15.0 0.34 0.279 28 15.3 0.54 0.178
101356 MDB N 16.0 0.896 0.4 2.98 0.454 2.96 4.13 8.98 1.20 65 10.1 66 11.3 0.32 0.268 67 12.1 0.87 0.131
101357 MDB N 16.0 0.896 0.1 1.94 0.582 2.91 4.08 8.77 1.18 63 10.6 64 12.1 0.36 0.265 66 12.9 0.98 0.119
101358 MDB N 16.0 0.896 0.1 6.42 0.269 2.66 3.76 8.14 1.09 52 12.9 53 14.0 0.37 0.269 54 14.6 0.85 0.136
101359 MDB N 16.0 0.896 0.2 2.47 0.498 2.99 4.14 9.08 1.21 66 9.8 67 10.9 0.30 0.269 68 11.6 0.81 0.137
101360 MDB N 16.0 0.896 0.2 5.58 0.308 2.95 4.13 8.91 1.20 64 10.0 65 11.3 0.33 0.267 66 11.9 0.86 0.131
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101361 MDB N 16.0 0.896 0.2 5.88 1.26 17.8 9.07 15.3 1.64 - - - - - - - - - -
101362 MDB N 16.0 0.896 1.3 17.7 0.184 2.05 3.39 7.42 1.05 18 13.7 18 14.6 0.74 0.258 19 14.7 1.20 0.099
101363 MDB N 16.0 0.896 0.3 149.2 0.156 2.42 3.66 8.20 1.08 38 12.4 38 13.6 0.53 0.262 40 14.8 1.39 0.084
101364 MDB N 16.0 0.898 1.4 6.75 0.297 2.91 4.16 9.20 1.21 61 9.5 62 11.0 0.38 0.264 64 12.1 1.15 0.101
101365 MDB N 16.0 0.896 0.3 3.70 0.345 2.54 3.66 7.96 1.10 45 12.8 45 13.1 0.21 0.281 45 13.2 0.24 0.232
101366 MDB N 16.0 0.898 12.9 0.737 1.59 2.86 4.05 8.38 1.20 60 10.8 61 11.8 0.31 0.270 61 11.8 0.51 0.181
101367 MDB N 16.0 0.896 5.9 0.890 1.37 3.74 4.81 9.33 1.23 - - 114 13.6 0.30 0.259 118 15.1 1.25 0.095
101368 MDB N 16.0 0.898 0.7 4.37 0.375 3.07 4.30 9.22 1.24 70 9.1 71 10.7 0.34 0.264 72 11.6 1.00 0.115
101369 MDB N 16.0 0.896 0.3 2.06 0.474 2.36 3.46 7.63 1.01 37 14.8 37 15.6 0.44 0.271 38 16.2 0.91 0.130
101370 MDB N 16.0 0.896 1.7 0.133 3.31 2.49 3.78 8.28 1.14 40 11.3 41 12.3 0.47 0.265 42 12.8 0.94 0.123
101371 MDB N 16.0 0.896 1.5 1.18 0.763 2.27 3.51 7.76 1.05 31 13.5 31 14.5 0.57 0.264 32 15.1 1.20 0.100
101372 MDB N 16.0 0.898 0.4 31.3 0.185 2.51 3.66 7.83 1.04 45 13.9 46 15.6 0.51 0.262 47 16.6 1.30 0.092
101373 MDB N 16.0 0.898 0.2 0.916 1.46 3.77 4.80 9.69 1.33 106 8.1 108 10.0 0.23 0.267 110 10.5 0.74 0.145
101374 MDB N 16.0 0.898 0.2 148.6 0.191 2.36 3.64 8.01 1.12 34 12.1 34 12.6 0.40 0.274 34 12.7 0.52 0.180
101375 MDB N 16.0 0.896 4.7 0.935 1.21 2.90 4.18 9.13 1.23 60 9.2 62 10.6 0.38 0.264 63 11.5 1.06 0.109
101376 MDB N 16.0 0.896 0.0 0.914 1.13 2.98 4.23 9.23 1.22 65 9.3 67 11.2 0.39 0.261 69 12.5 1.24 0.094
101377 MDB N 16.0 0.896 0.2 1.41 0.637 2.51 3.52 7.50 1.05 45 14.7 45 14.7 0.00 0.288 45 14.7 0.00 0.288
101378 MDB N 16.0 0.896 0.5 1.22 0.774 2.58 3.82 8.15 1.10 47 12.2 49 14.2 0.50 0.259 50 15.0 1.33 0.089
101379 MDB N 16.0 0.896 10.1 0.689 1.42 2.96 4.30 9.50 1.26 62 8.2 64 10.1 0.41 0.259 66 11.5 1.33 0.085
101380 MDB N 16.0 0.896 1.2 0.672 1.29 2.58 3.79 8.33 1.10 47 12.1 48 13.7 0.48 0.262 49 14.9 1.34 0.088
101381 MDB N 16.0 0.896 6.2 0.797 1.72 3.30 4.52 9.71 1.33 79 7.4 80 8.6 0.26 0.269 81 9.1 0.69 0.150
101383 MDB N 16.0 0.896 0.2 0.713 1.33 2.89 3.87 8.25 1.11 65 12.8 66 13.6 0.23 0.276 66 13.9 0.49 0.185
101384 MDB N 16.0 0.898 0.3 22.9 0.191 1.91 2.93 6.50 0.872 15 19.7 14 19.6 0.00 0.288 15 19.6 0.00 0.288
101385 MDB N 16.0 0.896 0.9 0.875 1.11 2.88 3.91 8.28 1.11 64 12.6 65 13.8 0.32 0.270 66 14.4 0.76 0.146
101386 MDB N 16.0 0.896 0.1 0.791 1.16 2.64 3.62 7.91 1.04 53 14.4 53 14.9 0.25 0.277 53 15.4 0.54 0.179
101387 MDB N 16.0 0.896 0.4 0.717 1.32 2.90 3.95 8.42 1.10 66 12.5 67 14.2 0.36 0.266 68 15.2 1.05 0.114
101388 MDB N 16.0 0.896 0.1 0.933 0.782 2.23 3.27 7.08 0.973 31 16.6 31 16.6 0.08 0.287 31 16.6 0.01 0.287
101389 SCV N 16.4 0.999 3.1 9.70 1.08 2.28 3.60 7.46 1.09 21 16.6 21 17.1 0.60 0.271 - - - -
101390 SCV N 16.4 0.999 0.0 14.3 0.904 2.31 3.66 7.62 1.14 21 15.6 - - - - - - - -
101391 NCV N 15.7 0.940 1.7 0.477 1.47 2.02 3.79 8.00 1.20 - - - - - - - - - -
101392 NCV N 16.5 0.991 6.2 0.695 1.47 2.31 3.42 7.20 1.03 25 18.6 24 18.5 0.00 0.288 23 18.5 0.00 0.288
101393 NCV N 16.5 0.991 9.2 0.571 1.62 2.28 3.43 7.21 1.05 22 18.1 21 18.0 0.00 0.288 21 17.8 0.00 0.288
101394 NCV N 16.5 0.991 12.2 0.541 1.86 2.31 3.48 7.17 1.05 24 18.1 - - - - - - - -
101395 NCV N 16.5 0.991 9.2 0.670 1.52 2.49 3.59 7.30 1.03 35 18.4 35 19.1 0.43 0.274 35 18.9 0.38 0.208
101396 SFBA Y 15.2 0.982 0.7 1.79 0.929 4.37 5.40 10.8 1.41 - - 124 11.5 0.24 0.263 127 12.8 1.00 0.116
101397 SCV N 17.4 0.987 19.8 1.03 2.35 2.58 3.73 7.71 1.06 38 16.9 39 18.1 0.50 0.267 39 18.2 0.82 0.143
101398 SCV N 17.4 0.987 4.7 0.677 1.42 2.48 3.69 7.80 1.05 33 16.7 34 18.2 0.59 0.262 35 18.7 1.25 0.099
101399 SCV N 17.4 0.987 2.4 0.775 1.20 2.53 3.67 7.56 1.01 38 18.0 39 20.1 0.58 0.261 40 20.7 1.36 0.092
101400 SCV N 17.4 0.987 2.4 0.771 1.19 2.35 3.40 7.22 0.955 29 19.9 29 20.8 0.56 0.270 30 21.2 0.95 0.130
101401 SCV N 17.4 0.987 12.3 0.919 1.48 3.06 3.92 7.94 1.08 65 17.4 65 18.1 0.20 0.279 65 18.1 0.30 0.223
101402 SCV N 17.4 0.987 2.4 0.599 1.44 2.50 3.61 7.83 1.02 35 17.5 35 18.4 0.49 0.270 36 19.1 1.02 0.120
101403 SCV N 17.4 0.987 0.1 1.31 0.812 2.32 3.48 7.57 1.00 25 18.1 26 19.1 0.63 0.266 27 19.8 1.30 0.096
101404 SCV N 17.4 0.987 6.1 0.694 1.60 2.69 3.73 7.98 1.05 44 17.0 45 17.7 0.34 0.275 45 18.1 0.60 0.171
101405 SCV N 17.4 0.987 1.8 0.884 1.06 2.60 3.68 8.02 1.03 40 17.2 40 18.4 0.49 0.268 41 19.5 1.22 0.103
101406 SCV N 17.4 0.987 4.1 0.679 1.52 2.61 3.68 8.06 1.05 39 16.8 40 17.3 0.35 0.276 40 17.8 0.66 0.162
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101407 SCV N 17.4 0.987 19.3 0.618 2.42 2.47 3.65 8.04 1.05 32 16.4 32 17.5 0.55 0.267 33 18.3 1.24 0.099
101408 SCV N 17.4 0.987 18.2 0.589 1.75 2.27 3.43 7.52 1.01 23 18.0 23 18.2 0.45 0.278 23 18.4 0.48 0.191
101409 SCV N 17.4 0.987 14.8 0.890 1.69 2.51 3.86 8.34 1.11 33 14.5 34 16.5 0.64 0.256 35 17.6 1.72 0.065
101410 SCV N 17.4 0.987 10.6 2.19 0.883 2.38 3.52 7.76 1.02 28 17.6 28 18.1 0.47 0.274 29 18.6 0.81 0.145
101411 SCV N 17.4 0.987 0.0 3.23 0.634 2.17 3.29 7.11 0.946 19 19.9 19 20.7 0.69 0.267 20 21.1 1.16 0.109
101412 SCV N 17.4 0.987 2.1 1.31 0.881 2.31 3.40 7.36 0.985 25 19.0 26 19.3 0.45 0.277 26 19.5 0.52 0.185
101413 SCV N 17.4 0.987 22.2 0.747 2.08 2.79 3.89 8.29 1.05 50 16.5 51 18.9 0.50 0.262 54 20.7 1.58 0.077
101414 SCV N 17.4 0.987 3.8 4.74 0.635 2.38 3.41 7.33 1.01 29 18.8 27 18.8 0.00 0.288 27 18.7 0.00 0.288
101415 SCV N 17.4 0.987 16.7 0.583 1.84 2.16 3.58 7.82 1.11 14 15.1 14 15.7 0.75 0.263 14 15.6 0.85 0.136
101416 SCV N 17.4 0.987 22.3 0.624 3.28 2.54 3.87 8.46 1.11 33 14.4 35 16.4 0.63 0.256 36 17.8 1.81 0.060
101417 SCV N 17.4 0.987 5.2 0.623 1.61 2.51 3.77 7.95 1.08 34 15.8 35 17.6 0.60 0.260 35 18.1 1.34 0.091
101418 SCV N 17.4 0.987 6.9 0.753 1.61 2.74 4.07 8.87 1.11 - - 47 17.5 0.59 0.253 51 20.7 2.29 0.042
101419 SCV N 17.4 0.987 17.1 0.625 2.35 2.55 3.64 8.19 1.03 37 17.0 37 17.9 0.46 0.271 38 19.3 1.26 0.099
101420 SCV N 17.4 0.987 2.7 0.848 1.25 2.71 3.98 8.52 1.11 43 14.5 45 16.8 0.55 0.258 47 18.2 1.62 0.072
101421 SCV N 17.4 0.987 11.2 0.637 2.25 2.55 3.76 8.07 1.07 36 16.0 37 17.5 0.56 0.263 38 18.3 1.31 0.094
101422 SCV N 17.4 0.987 19.3 0.558 2.24 2.27 3.54 7.89 1.07 20 16.1 21 16.5 0.53 0.275 21 16.7 0.68 0.159
101423 SCV N 17.4 0.987 11.0 0.676 1.88 2.71 4.34 8.55 1.13 - - 50 20.6 0.63 0.248 - - - -
101424 SCV N 17.4 0.987 8.5 0.648 1.64 2.55 3.85 8.30 1.11 35 14.8 36 16.5 0.59 0.260 37 17.4 1.48 0.080
101425 SCV N 17.4 0.987 4.1 0.708 1.60 2.77 3.95 8.70 1.17 44 13.8 44 14.1 0.24 0.279 45 14.4 0.42 0.199
101426 SCV N 17.4 0.987 0.1 3.98 0.603 2.15 3.32 7.25 0.940 18 19.6 19 21.3 0.78 0.256 20 22.8 2.29 0.044
101427 SCV N 17.4 0.987 16.4 0.717 1.52 2.17 3.60 8.22 1.13 13 14.3 14 14.5 0.60 0.276 14 14.7 0.78 0.144
101428 SCV N 17.4 0.987 46.3 0.631 4.19 2.46 3.78 8.30 1.06 31 15.4 33 18.4 0.69 0.252 35 20.9 2.42 0.038
101429 SCV N 17.4 0.987 - 0.862 1.68 2.56 4.04 7.59 1.00 - - - - - - - - - -
101430 SCV N 17.4 0.987 13.3 0.759 1.41 2.83 3.95 8.66 1.10 49 15.0 50 16.5 0.44 0.266 52 17.9 1.27 0.097
101431 SCV N 17.4 0.987 1.1 3.90 0.596 2.21 3.37 7.66 1.02 18 17.7 18 17.7 0.00 0.288 18 17.7 0.00 0.288
101432 SCV N 17.4 0.987 9.8 0.638 1.90 2.37 3.43 7.76 1.03 27 17.8 25 17.6 0.00 0.288 26 17.7 0.00 0.288
101433 SCV N 17.4 0.987 16.1 0.863 1.93 3.30 4.03 8.68 1.12 75 16.1 74 16.0 0.00 0.288 75 16.1 0.00 0.288
101434 SCV N 17.4 0.987 16.1 0.848 1.83 3.28 4.18 8.43 1.07 77 16.6 78 19.3 0.36 0.266 81 20.7 1.16 0.109
101435 SCV N 17.4 0.987 23.1 0.739 2.57 2.87 3.94 8.38 1.12 52 15.3 52 16.2 0.33 0.273 53 16.6 0.67 0.161
101436 SCV N 17.4 0.987 16.7 0.777 2.10 2.81 3.73 8.13 1.06 50 17.2 50 17.3 0.06 0.286 50 17.6 0.19 0.245
101437 SCV N 17.4 0.987 10.0 0.762 1.92 2.94 4.03 8.62 1.10 56 15.1 57 17.0 0.43 0.265 58 18.3 1.26 0.098
101438 SCV N 17.4 0.987 24.9 4.24 1.42 15.3 11.4 17.6 1.77 - - 737 19.7 0.03 0.276 770 24.5 0.57 0.182
101439 SCV N 17.4 0.987 11.5 0.574 1.72 2.47 3.52 7.39 1.05 33 18.0 32 17.9 0.00 0.288 31 17.8 0.00 0.288
101440 SCV N 17.4 0.987 28.7 0.703 2.40 3.08 3.88 7.78 1.05 67 18.2 67 18.9 0.19 0.280 67 18.8 0.26 0.232
101441 SCV N 17.4 0.987 6.9 0.604 1.51 2.35 3.46 7.87 1.02 26 17.6 26 17.6 0.00 0.288 26 17.9 0.32 0.219
101442 SCV N 17.4 0.987 18.5 0.780 2.00 2.79 3.85 8.44 1.12 47 15.2 47 15.4 0.14 0.284 47 15.7 0.25 0.230
101443 SCV N 17.4 0.987 18.4 0.755 1.69 3.12 3.97 8.49 1.08 67 16.5 67 17.1 0.20 0.279 68 17.7 0.50 0.187
101444 SCV N 17.4 0.987 20.1 0.825 2.46 3.11 4.16 9.11 1.19 62 13.4 62 13.9 0.18 0.279 62 14.3 0.45 0.193
101445 SCV N 17.4 0.987 9.4 0.835 1.49 3.32 4.02 8.43 1.09 78 17.0 78 17.3 0.08 0.284 78 17.6 0.21 0.241
101446 SCV N 17.4 0.987 15.9 0.662 1.74 2.74 3.72 8.01 1.04 47 17.4 48 18.1 0.31 0.276 48 18.6 0.63 0.168
101447 NCV N 16.7 0.995 10.6 0.759 2.05 2.54 3.80 8.25 1.11 33 15.2 34 16.1 0.52 0.268 34 16.5 0.94 0.126
101448 NCV N 16.7 0.995 7.3 0.703 1.83 2.41 3.67 7.90 1.05 28 16.7 29 18.3 0.66 0.259 30 19.2 1.62 0.073
101449 NCV N 16.7 0.995 16.9 0.556 2.15 2.30 3.62 8.23 1.09 21 15.5 21 16.1 0.64 0.267 22 17.1 1.48 0.080
101451 NCV N 16.7 0.995 20.8 0.667 2.47 2.52 3.71 8.28 1.11 32 15.5 32 15.5 0.07 0.287 32 15.7 0.17 0.247
101452 NCV N 16.5 0.991 12.1 0.637 1.97 2.65 3.73 8.11 1.06 41 16.7 42 17.4 0.36 0.275 42 17.9 0.70 0.157



       Table S2.  Measured data and model results for all 905 samples. Page S31              

Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

101453 NCV N 16.5 0.991 15.6 0.636 2.03 2.60 3.62 7.99 1.04 39 17.4 39 17.5 0.14 0.284 39 17.8 0.30 0.222
101454 NCV N 16.5 0.991 12.4 0.623 1.65 2.57 3.49 7.71 1.05 38 18.3 35 17.9 0.00 0.288 35 17.9 0.00 0.288
101455 NCV N 16.1 0.997 11.3 0.851 1.52 3.24 4.48 9.83 1.24 - - 67 14.0 0.41 0.261 70 16.2 1.50 0.078
101456 NCV N 16.7 0.995 13.5 0.886 2.00 2.87 3.96 8.69 1.15 49 14.7 50 15.1 0.21 0.280 50 15.4 0.42 0.199
101457 NCV N 16.2 0.995 1.3 2.13 0.502 2.85 3.87 8.24 1.12 50 15.9 50 16.0 0.04 0.287 50 15.9 0.01 0.286
101458 NCV N 16.2 0.995 3.7 0.914 1.28 2.57 3.83 8.55 1.15 34 14.3 34 14.7 0.34 0.277 34 15.0 0.56 0.176
101459 NCV N 16.2 0.995 1.6 0.786 1.24 2.60 3.84 8.73 1.17 34 13.8 34 13.8 0.00 0.288 34 13.8 0.00 0.288
101460 NCV N 16.7 0.995 1.1 4.78 0.751 2.34 3.64 8.42 1.13 21 14.7 21 14.7 0.00 0.288 21 14.7 0.00 0.288
101461 NCV N 16.7 0.995 0.1 13.3 0.570 2.44 3.69 8.44 1.12 27 14.9 26 14.9 0.00 0.288 27 14.9 0.04 0.278
101462 MDB N 16.7 0.916 4.8 0.687 1.47 2.77 4.00 8.62 1.13 54 11.9 56 14.2 0.48 0.259 58 15.7 1.50 0.077
101463 MDB N 15.2 0.916 0.0 1.25 0.769 1.80 3.01 6.91 0.960 4 17.3 3 17.1 0.00 0.288 3 17.1 0.00 0.288
101464 MDB N 15.2 0.916 0.5 9.70 0.289 2.23 3.26 7.33 1.01 27 16.4 26 16.1 0.00 0.288 26 16.1 0.00 0.288
101465 MDB N 17.1 0.916 0.6 11.6 0.241 2.22 3.41 7.86 1.05 25 14.3 24 14.3 0.00 0.288 25 14.3 0.00 0.288
101466 MDB N 17.1 0.916 0.0 12.8 0.166 2.34 3.67 8.37 1.11 30 12.2 30 13.2 0.58 0.262 32 14.4 1.52 0.074
101467 MDB N 16.2 0.896 0.1 0.488 1.36 1.91 3.36 7.93 1.12 8 11.8 7 11.6 0.00 0.288 7 11.7 0.00 0.288
101468 MDB N 15.2 0.884 0.0 1.58 1.24 5.43 5.02 9.88 1.28 209 12.1 201 11.7 0.00 0.288 201 11.7 0.00 0.288
101469 MDB N 16.2 0.896 0.0 25.0 0.475 2.51 3.54 7.96 1.04 45 14.2 45 14.4 0.17 0.283 45 14.8 0.41 0.199
101470 MDB N 16.2 0.896 0.1 24.2 0.453 2.06 3.25 7.34 0.982 20 15.4 20 15.9 0.60 0.271 21 16.4 1.08 0.112
101471 MDB N 16.7 0.896 0.0 1.46 1.21 2.58 3.79 8.46 1.10 46 12.0 47 13.5 0.48 0.262 49 15.0 1.43 0.081
101472 MDB N 16.7 0.916 0.4 2.11 1.17 2.40 3.55 7.83 1.04 36 14.6 37 15.5 0.47 0.269 37 16.1 0.99 0.121
101473 MDB N 16.2 0.896 0.0 22.4 0.403 2.03 3.28 7.45 1.01 17 14.6 18 15.0 0.62 0.271 18 15.3 1.01 0.118
101474 MDB N 17.1 0.916 0.0 5.23 0.670 8.66 7.36 12.6 1.35 - - 406 18.7 0.07 0.272 423 22.7 0.75 0.155
101475 MDB N 16.2 0.896 1.0 1.17 0.696 2.04 3.17 7.02 0.940 21 16.9 21 17.5 0.63 0.269 21 17.9 1.07 0.115
101476 MDB N 16.7 0.916 0.0 0.721 1.22 2.33 3.52 7.88 1.05 32 14.3 32 15.0 0.48 0.270 33 15.6 0.98 0.122
101477 MDB N 16.7 0.916 3.6 0.687 1.41 2.83 4.18 8.92 1.16 - - 59 14.1 0.51 0.253 62 16.1 1.85 0.057
101478 MDB N 16.7 0.916 13.0 0.715 1.38 2.77 3.79 8.29 1.11 55 13.4 55 13.8 0.19 0.280 56 14.1 0.39 0.204
101479 MDB N 16.2 0.896 0.2 2.83 1.36 11.0 8.48 13.9 1.49 - - 544 16.0 0.03 0.278 556 18.2 0.43 0.200
101480 MDB N 16.2 0.896 7.0 0.547 1.38 2.17 3.23 7.54 0.977 26 15.8 26 15.7 0.00 0.288 26 15.8 0.00 0.288
101481 NCV N 16.2 0.995 7.8 0.954 1.34 2.73 3.83 8.67 1.13 42 15.0 42 15.0 0.00 0.288 42 15.2 0.14 0.255
101482 NCV N 16.2 0.995 1.6 2.07 0.496 2.89 3.86 8.38 1.09 52 16.3 53 16.7 0.19 0.281 53 17.0 0.39 0.206
101484 NCV N 16.2 0.995 8.9 0.725 1.69 2.57 3.90 8.87 1.18 32 13.3 33 13.7 0.40 0.274 33 14.3 0.82 0.138
101485 NCV N 16.2 0.995 3.6 1.85 0.600 2.68 3.83 8.58 1.10 41 15.3 41 16.0 0.38 0.274 42 16.8 0.91 0.130
101486 NCV N 16.1 0.993 11.0 0.657 2.17 2.69 4.00 9.00 1.18 39 13.0 39 13.9 0.46 0.268 40 14.8 1.11 0.108
101487 NCV N 16.1 0.993 0.6 0.556 1.32 2.14 3.30 7.74 1.02 14 17.9 13 17.7 0.00 0.288 13 17.7 0.00 0.288
101488 NCV N 16.1 0.993 0.1 0.962 0.948 1.97 3.17 7.55 1.04 4 17.9 - - - - - - - -
101489 NCV N 16.1 0.993 2.7 0.582 1.37 2.21 3.44 7.87 1.05 17 16.8 17 16.8 0.00 0.288 17 16.8 0.00 0.288
101490 NCV N 16.1 0.993 10.4 0.697 1.92 2.86 4.20 9.39 1.25 45 11.5 46 12.4 0.39 0.270 47 13.1 0.90 0.128
101491 NCV N 16.1 0.993 4.3 0.638 1.79 2.61 4.00 9.06 1.19 34 12.6 35 13.7 0.55 0.263 36 14.9 1.45 0.079
101492 NCV N 16.1 0.993 0.8 0.594 1.49 2.53 3.80 8.47 1.12 32 14.7 33 15.4 0.50 0.269 33 16.1 1.04 0.116
101493 NCV N 16.1 0.993 1.3 0.593 1.50 2.33 3.70 8.27 1.11 22 14.8 22 15.6 0.67 0.263 23 16.4 1.45 0.081
101494 NCV N 16.1 0.993 0.0 0.580 1.37 2.36 3.39 7.50 1.05 26 18.3 24 17.9 0.00 0.288 24 17.9 0.00 0.288
101495 NCV N 16.1 0.993 7.6 0.680 1.62 2.73 3.84 8.43 1.10 44 15.6 44 16.4 0.36 0.274 45 17.0 0.78 0.146
101496 NCV N 16.1 0.993 1.1 0.623 1.27 2.25 3.42 7.80 1.05 19 17.2 18 17.0 0.00 0.288 18 17.0 0.00 0.288
101497 NCV N 16.1 0.993 0.5 0.586 1.41 2.40 3.81 8.49 1.18 24 13.4 24 13.9 0.52 0.272 24 14.0 0.66 0.159
101498 NCV N 16.1 0.993 1.4 0.584 1.47 2.42 3.72 8.41 1.12 26 14.6 26 15.1 0.50 0.273 27 15.6 0.92 0.128
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101499 NCV N 16.1 0.993 1.1 0.567 1.43 2.41 3.69 8.59 1.15 25 14.2 23 14.0 0.00 0.288 24 14.1 0.00 0.288
101500 NCV N 16.1 0.993 0.8 0.600 1.41 2.54 3.89 8.93 1.22 30 12.6 29 12.6 0.00 0.288 29 12.6 0.00 0.288
101501 NCV N 16.1 0.993 9.8 0.654 1.73 2.75 4.15 9.09 1.21 41 12.2 42 13.8 0.54 0.260 43 14.8 1.42 0.082
101502 NCV N 16.1 0.993 13.9 0.726 2.23 3.18 4.45 9.64 1.31 61 10.7 61 11.7 0.31 0.270 62 12.2 0.72 0.150
101503 NCV N 16.1 0.993 5.4 0.543 1.90 2.31 3.69 8.09 1.14 20 14.6 21 15.0 0.54 0.274 21 15.0 0.45 0.194
101504 NCV N 16.1 0.993 11.0 0.568 2.20 2.48 4.30 8.07 1.15 - - - - - - - - - -
101505 NCV N 16.1 0.993 10.3 0.613 1.83 2.75 3.85 8.32 1.15 44 15.1 43 15.1 0.00 0.288 43 15.0 0.00 0.288
101506 NCV N 16.1 0.993 8.0 0.532 2.18 2.29 3.65 8.22 1.12 19 14.8 20 15.1 0.55 0.274 20 15.4 0.78 0.144
101507 NCV N 16.1 0.993 9.1 0.522 2.51 2.29 3.68 8.37 1.16 19 14.0 18 14.0 0.00 0.288 18 14.0 0.00 0.288
101508 NCV N 16.1 0.993 4.6 0.520 1.71 2.30 3.68 8.20 1.13 20 14.5 20 14.9 0.58 0.272 20 15.1 0.69 0.157
101509 NCV N 16.1 0.993 2.5 0.563 1.69 2.41 3.76 8.12 1.11 26 15.0 27 16.2 0.65 0.260 28 16.7 1.29 0.093
101510 NCV N 16.1 0.993 12.6 0.641 2.21 2.65 3.85 8.39 1.11 39 15.1 40 16.2 0.47 0.268 41 16.9 1.04 0.117
101511 NCV N 16.1 0.993 1.0 0.566 1.60 2.40 3.81 8.55 1.15 25 13.7 25 14.6 0.64 0.262 26 15.4 1.45 0.080
101512 NCV N 16.1 0.993 11.9 0.498 8.13 2.30 3.56 8.04 1.12 20 15.4 19 15.3 0.00 0.288 19 15.3 0.00 0.288
101513 NCV N 16.1 0.993 9.5 0.686 1.54 2.77 4.27 9.13 1.18 - - 47 16.4 0.61 0.249 50 18.5 2.26 0.042
101514 NCV N 16.1 0.993 11.0 0.550 1.90 2.27 3.65 8.12 1.08 20 15.5 21 17.0 0.76 0.254 22 18.4 2.20 0.044
101515 NCV N 16.1 0.993 10.0 0.612 6.71 2.68 3.78 8.25 1.08 42 16.1 42 16.9 0.38 0.273 43 17.5 0.77 0.147
101516 NCV N 16.1 0.993 7.7 0.624 1.88 2.90 3.87 8.44 1.15 51 15.3 49 15.2 0.00 0.288 49 15.1 0.00 0.288
101517 NCV N 16.1 0.993 8.5 0.564 2.26 2.31 3.80 8.40 1.17 20 13.4 20 14.2 0.71 0.260 20 14.4 1.22 0.097
101518 NCV N 16.1 0.993 0.0 0.531 2.39 2.42 3.58 8.29 1.18 25 14.7 - - - - - - - -
101519 NCV N 16.1 0.993 8.2 0.509 1.77 2.08 3.68 8.43 1.18 7 12.9 7 13.4 0.90 0.252 7 13.7 1.96 0.049
101520 NCV N 16.1 0.993 12.4 0.516 2.08 2.30 3.58 7.95 1.12 20 15.5 19 15.4 0.00 0.288 19 15.4 0.00 0.288
101521 NCV N 16.1 0.993 10.9 0.609 1.98 2.56 3.81 8.44 1.08 35 15.3 36 17.1 0.59 0.260 38 18.9 1.80 0.062
101522 NCV N 16.1 0.993 6.4 0.627 1.83 2.76 3.97 8.90 1.22 41 13.0 40 12.9 0.00 0.288 40 12.9 0.00 0.288
101523 NCV N 16.1 0.993 4.6 0.534 1.73 2.45 3.70 8.30 1.18 27 14.3 25 14.1 0.00 0.288 25 14.1 0.00 0.288
101524 NCV N 16.1 0.993 4.2 0.580 1.62 2.62 3.79 8.53 1.15 36 14.6 35 14.5 0.00 0.288 36 14.5 0.00 0.288
101525 NCV N 16.1 0.993 5.5 0.521 1.75 2.32 3.61 8.18 1.16 20 14.6 19 14.5 0.00 0.288 19 14.5 0.00 0.288
101526 NCV N 16.1 0.993 2.3 0.960 1.12 2.28 3.44 7.80 1.07 21 17.0 19 16.8 0.00 0.288 19 16.8 0.00 0.288
101527 NCV N 16.1 0.993 2.9 0.523 1.52 2.23 3.25 8.39 1.20 - - - - - - - - - -
101528 NCV N 16.1 0.993 0.5 1.87 0.801 1.94 2.92 7.65 1.06 - - - - - - - - - -
101529 NCV N 16.1 0.993 4.3 0.499 1.78 2.31 2.79 8.00 1.21 - - - - - - - - - -
101530 NCV N 16.1 0.993 9.6 0.514 2.08 2.34 3.66 8.31 1.15 22 14.3 20 14.2 0.00 0.288 21 14.3 0.00 0.288
101551 MDB N 16.7 0.916 0.7 0.870 1.11 2.49 3.92 8.88 1.18 36 10.3 37 11.8 0.58 0.257 39 13.2 1.67 0.064
101552 MDB N 15.2 0.916 0.0 1.80 0.838 2.33 3.33 7.43 0.984 34 16.7 34 16.7 0.00 0.288 34 16.7 0.00 0.288
101553 MDB N 16.2 0.916 0.1 1.44 0.767 2.48 3.72 8.31 1.10 38 12.8 39 13.9 0.51 0.264 40 15.0 1.30 0.091
101554 MDB N 16.2 0.916 0.4 3.83 0.536 2.45 3.53 7.84 1.05 38 14.7 39 14.7 0.08 0.286 39 14.9 0.16 0.249
101555 MDB N 16.7 0.916 0.1 1.00 1.20 2.81 3.98 8.70 1.13 56 12.0 58 13.7 0.42 0.263 59 15.1 1.26 0.094
101556 MDB N 15.2 0.896 11.6 0.790 1.40 3.20 4.41 9.81 1.21 - - 80 11.6 0.38 0.258 84 14.6 1.65 0.066
101557 MDB N 17.1 0.916 0.0 3.08 0.230 2.05 3.47 8.10 1.14 13 12.0 12 11.9 0.00 0.288 12 11.9 0.00 0.288
101558 MDB N 16.2 0.916 0.1 23.3 0.450 2.52 3.58 7.98 1.09 41 14.0 40 13.9 0.00 0.288 40 13.9 0.00 0.288
101559 MDB N 16.2 0.916 0.0 8.69 0.404 2.41 3.54 7.90 1.07 35 14.1 35 14.2 0.07 0.287 36 14.3 0.14 0.255
101560 MDB N 16.2 0.916 0.0 3.17 0.553 2.76 4.31 9.39 1.26 - - 51 11.0 0.55 0.251 53 12.4 1.80 0.056
101561 MDB N 17.1 0.916 0.0 12.1 0.121 2.57 3.35 7.23 0.929 51 18.9 51 19.0 0.05 0.287 51 19.3 0.17 0.249
101562 MDB N 17.1 0.916 0.1 25.2 0.109 2.17 3.47 8.09 1.15 20 12.3 18 12.1 0.00 0.288 18 12.1 0.00 0.288
101563 MDB N 16.2 0.916 0.4 2.59 0.402 2.88 3.90 8.58 1.15 59 12.3 60 12.4 0.05 0.286 60 12.6 0.14 0.254
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3H     
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101567 SFBA Y 15.2 0.979 25.5 1.69 1.59 7.16 7.16 12.9 1.47 - - 281 15.5 0.13 0.265 295 19.7 1.09 0.114
101573 NCV N 16.1 0.993 0.2 0.748 1.12 2.04 3.39 7.54 1.03 9 17.2 9 17.8 0.87 0.257 10 18.1 1.78 0.062
101576 SFBA Y 15.2 0.979 19.9 1.10 1.58 4.10 4.68 9.68 1.20 116 13.7 117 15.0 0.15 0.276 119 16.0 0.58 0.174
101579 NCV N 16.1 0.993 15.1 0.534 2.37 2.29 3.71 8.17 1.15 19 14.2 20 14.6 0.58 0.272 20 14.6 0.52 0.182
101582 NCV N 16.1 0.993 0.0 0.569 1.32 2.11 3.46 7.94 1.05 11 16.3 12 17.0 0.83 0.256 15 20.3 3.25 0.019
101583 NCV N 16.1 0.993 0.4 0.658 1.21 2.07 3.43 7.68 1.07 10 16.4 10 16.5 0.58 0.280 10 16.5 0.26 0.229
101584 NCV N 16.1 0.993 7.2 0.542 2.06 2.27 3.72 8.39 1.14 18 13.9 18 14.6 0.73 0.260 19 15.2 1.51 0.076
101585 NCV N 16.1 0.993 11.0 0.514 2.13 2.13 3.60 8.17 1.15 11 14.2 11 14.2 0.34 0.285 11 14.2 0.10 0.263
101586 NC N 7.8 0.836 10.6 9.05 0.391 2.18 3.76 8.70 1.22 26 6.9 27 8.0 0.67 0.252 28 8.8 1.70 0.058
101587 NC N 7.8 0.836 10.2 47.9 0.338 2.36 4.06 9.27 1.25 - - 38 8.5 0.66 0.241 41 10.5 2.43 0.030
101588 NC N 7.8 0.831 7.0 0.401 1.39 1.71 3.58 8.76 1.26 0 5.6 0 5.6 0.00 - 0 5.6 0.00 -
101589 NC N 7.8 0.812 7.9 0.744 1.29 2.64 4.27 9.65 1.32 - - 56 6.1 0.51 0.248 58 7.8 1.80 0.052
101590 NC N 7.8 0.809 10.3 0.777 1.71 3.08 4.77 10.7 1.33 - - 85 8.3 0.46 0.241 96 13.6 2.51 0.030
101591 NC N 7.8 0.807 29.1 3.59 0.595 3.07 4.68 10.3 1.40 - - 79 5.0 0.41 0.249 83 6.8 1.62 0.061
101594 NCV N 16.1 0.993 0.6 1.22 0.885 1.96 3.31 7.55 1.07 4 16.7 4 16.7 0.00 0.288 4 16.7 0.00 0.288
101595 NCV N 16.1 0.993 6.7 0.573 1.83 2.43 3.76 8.19 1.16 26 14.4 26 14.6 0.33 0.280 26 14.5 0.15 0.252
101596 NCV N 16.1 0.993 3.0 0.532 1.55 2.27 3.48 7.86 1.09 19 16.4 18 16.2 0.00 0.288 18 16.2 0.00 0.288
101597 NCV N 16.1 0.993 3.3 0.648 1.59 2.86 3.95 8.63 1.18 49 14.3 48 14.2 0.00 0.288 48 14.2 0.00 0.288
101598 NCV N 16.1 0.993 16.8 0.516 1.55 2.08 3.32 7.63 1.06 10 17.1 9 16.9 0.00 0.288 9 16.9 0.00 0.288
101600 NCV N 16.1 0.993 0.3 0.476 1.41 2.12 3.25 7.63 1.03 13 18.1 12 17.8 0.00 0.288 12 17.8 0.00 0.288
101601 NCV N 16.5 0.995 12.8 0.779 1.43 2.53 3.68 8.41 1.09 33 15.7 32 15.7 0.00 0.288 33 16.0 0.22 0.237
101602 NCV N 16.5 0.995 25.3 0.614 2.27 2.69 3.82 8.50 1.13 40 15.1 40 15.1 0.04 0.287 40 15.3 0.16 0.250
101603 NCV N 16.5 0.995 27.8 0.622 2.22 2.77 3.81 8.47 1.09 46 16.0 46 16.3 0.19 0.282 47 16.8 0.46 0.193
101604 NCV N 16.1 0.993 1.6 0.469 1.40 2.08 3.30 7.54 1.06 10 17.3 10 17.1 0.00 0.288 10 17.1 0.00 0.288
101605 NCV N 16.1 0.993 10.1 0.525 2.13 2.29 3.57 8.02 1.09 21 15.8 21 15.9 0.18 0.285 21 16.0 0.24 0.234
101606 NCV N 16.1 0.993 9.1 0.490 1.84 2.14 3.59 8.19 1.17 11 13.9 10 13.9 0.00 0.288 10 13.9 0.00 0.288
101607 NCV N 16.1 0.993 6.8 0.487 1.83 2.15 3.57 8.20 1.18 11 14.0 11 13.9 0.00 0.288 11 13.9 0.00 0.288
101608 NCV N 16.1 0.993 0.8 0.505 1.47 2.21 3.60 8.13 1.16 15 14.4 14 14.3 0.00 0.288 14 14.3 0.00 0.288
101610 NCV N 16.5 0.988 0.8 0.538 1.51 2.41 3.85 8.94 1.27 22 11.5 21 11.2 0.00 0.288 21 11.2 0.00 0.288
101620 SCV Y 18.4 0.986 20.1 2.01 1.55 7.42 7.25 13.3 1.47 - - 292 15.6 0.12 0.266 308 20.2 1.08 0.116
101621 SCV Y 18.4 0.986 17.9 1.00 1.37 3.42 4.17 8.46 1.09 84 16.7 85 18.1 0.23 0.274 86 18.8 0.64 0.167
101622 SCV Y 18.4 0.986 19.2 1.31 1.70 4.64 4.76 9.00 1.21 147 16.2 146 16.2 0.00 0.288 145 16.1 0.00 0.288
101623 SCV Y 18.4 0.986 23.5 1.09 1.97 3.68 4.53 9.14 1.17 94 14.2 96 16.5 0.27 0.268 98 17.6 0.92 0.130
101624 SCV Y 18.4 0.986 30.0 0.938 2.79 3.46 4.29 8.61 1.18 82 14.8 83 15.6 0.16 0.279 83 15.6 0.28 0.225
101625 SCV Y 18.4 0.986 9.6 0.674 1.54 2.47 3.66 7.68 1.03 34 17.2 35 19.0 0.60 0.261 35 19.5 1.33 0.093
101626 SCV Y 18.4 0.986 11.1 0.683 1.56 2.56 3.68 7.90 1.06 37 16.6 37 17.3 0.40 0.274 38 17.5 0.61 0.170
101627 SCV Y 18.4 0.986 10.5 0.845 1.43 3.05 4.15 8.95 1.12 61 14.3 63 16.6 0.42 0.263 65 18.5 1.42 0.085
101628 SCV Y 18.4 0.986 38.1 1.14 3.19 4.62 5.39 10.1 1.26 - - 148 17.3 0.24 0.263 153 19.5 1.21 0.103
101629 SCV Y 18.4 0.986 5.7 0.852 1.49 2.75 3.87 8.30 1.09 46 15.6 47 17.0 0.45 0.267 48 17.9 1.09 0.112
101630 SCV Y 18.4 0.986 13.9 0.577 2.10 2.25 3.52 7.57 1.05 21 16.8 21 17.4 0.63 0.268 21 17.5 0.75 0.151
101631 SCV Y 18.4 0.986 9.8 0.664 1.71 2.47 3.79 8.10 1.13 30 14.7 31 15.6 0.56 0.266 31 15.8 0.88 0.133
101632 SCV Y 18.4 0.986 9.7 0.645 1.55 2.57 3.66 8.27 1.11 35 15.5 34 15.3 0.00 0.288 34 15.4 0.00 0.288
101633 SCV Y 18.4 0.986 0.3 2.28 0.416 2.23 3.70 8.10 1.12 17 14.3 18 15.7 0.78 0.252 19 16.0 1.78 0.060
101634 SCV Y 18.4 0.986 8.2 0.918 1.74 3.24 4.29 8.89 1.12 - - 74 17.6 0.40 0.262 77 19.5 1.41 0.087
101635 SCV Y 18.4 0.986 4.3 0.549 1.57 2.10 3.53 7.90 1.10 11 15.0 11 15.4 0.80 0.263 11 15.5 1.04 0.115
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101636 SCV Y 18.4 0.986 22.5 0.662 2.34 2.57 3.78 8.07 1.07 37 15.9 38 17.4 0.55 0.263 39 18.2 1.27 0.097
101637 SCV Y 18.4 0.986 4.5 0.658 1.66 2.47 3.73 8.22 1.09 31 15.3 31 16.5 0.58 0.264 32 17.4 1.38 0.088
101638 SCV Y 18.4 0.986 27.3 0.568 2.23 2.13 3.41 7.37 0.981 16 18.2 17 20.3 0.82 0.251 18 20.9 2.29 0.042
101639 SCV Y 18.4 0.986 16.3 0.866 1.50 3.19 4.09 8.12 1.10 71 16.5 72 17.8 0.27 0.273 73 18.0 0.55 0.180
101640 SCV Y 18.4 0.986 21.0 3.36 1.44 9.74 8.04 13.2 1.45 - - 432 19.4 0.06 0.275 445 22.3 0.61 0.175
101641 SCV Y 18.4 0.986 12.4 2.08 1.42 7.98 6.11 10.7 1.30 328 18.9 - - - - - - - -
101642 SCV Y 18.4 0.986 31.7 1.56 2.22 6.14 6.22 11.3 1.31 - - 232 18.3 0.15 0.267 242 21.7 1.05 0.121
101643 SCV Y 18.4 0.986 15.3 0.590 1.63 2.37 3.80 8.06 1.12 25 14.4 26 16.1 0.71 0.254 26 16.3 1.52 0.076
101644 SCV Y 18.4 0.986 14.4 1.01 1.35 3.59 4.13 8.30 1.06 95 18.2 96 19.1 0.13 0.280 96 19.5 0.36 0.212
101645 SCV Y 18.4 0.986 29.4 0.991 2.59 3.59 4.33 8.83 1.20 89 14.6 89 14.8 0.06 0.285 89 14.8 0.08 0.268
101646 SCV Y 18.4 0.986 20.1 1.19 1.95 4.70 5.37 9.86 1.25 - - 153 17.7 0.22 0.264 158 19.6 1.08 0.115
101647 SCV Y 18.4 0.986 25.2 0.974 3.04 3.45 4.17 8.45 1.11 85 16.5 85 17.3 0.15 0.280 86 17.5 0.33 0.216
101648 SCV Y 18.4 0.986 17.1 0.786 1.57 2.96 3.85 8.30 1.14 56 15.8 54 15.7 0.00 0.288 54 15.6 0.00 0.288
101649 SCV Y 18.4 0.986 18.4 0.694 2.15 2.79 4.02 8.66 1.13 47 14.2 48 16.3 0.51 0.260 50 17.7 1.50 0.079
101660 SCV Y 18.4 0.986 19.1 1.04 1.56 3.56 4.26 8.79 1.17 87 15.1 88 15.3 0.04 0.286 88 15.3 0.06 0.274
101661 SCV Y 18.4 0.986 18.8 2.13 1.47 7.48 6.30 10.9 1.28 305 17.2 307 18.9 0.03 0.282 309 19.5 0.24 0.235
101662 SCV Y 18.4 0.986 23.8 1.31 1.87 4.75 5.63 10.9 1.26 - - 157 18.5 0.27 0.258 169 24.2 1.73 0.071
101663 SCV Y 18.4 0.986 30.2 3.10 1.92 9.49 8.06 13.7 1.50 - - 408 17.0 0.06 0.273 421 20.1 0.66 0.165
101664 SCV Y 18.4 0.986 11.5 0.711 1.94 2.71 4.03 8.65 1.10 - - 46 17.7 0.59 0.253 49 20.1 2.11 0.048
101665 SFBA Y 15.6 0.989 14.9 0.859 1.61 3.96 4.41 9.11 1.22 106 14.9 103 14.6 0.00 0.288 102 14.6 0.00 0.288
101666 SFBA Y 15.6 0.991 11.1 1.08 1.49 4.95 5.01 9.67 1.29 157 14.5 155 14.4 0.00 0.288 155 14.3 0.00 0.288
101667 SFBA Y 15.6 0.991 11.1 1.35 1.50 6.40 5.84 10.8 1.34 234 14.1 234 14.6 0.02 0.285 235 14.7 0.09 0.265
101668 SFBA Y 15.6 0.989 2.2 1.28 1.45 5.83 5.49 10.6 1.30 205 14.4 205 14.7 0.02 0.286 206 15.0 0.11 0.262
101673 SFBA Y 15.6 0.989 15.6 67.6 0.176 4.76 4.91 9.48 1.27 149 14.7 147 14.6 0.00 0.288 147 14.6 0.00 0.288
101677 SCV Y 18.4 0.986 20.2 2.14 1.53 8.04 6.90 12.4 1.46 318 12.4 319 14.0 0.04 0.281 323 14.9 0.29 0.222
101678 SCV Y 18.4 0.986 28.5 1.32 2.41 5.42 5.84 10.8 1.34 - - 186 15.5 0.16 0.267 192 17.4 0.91 0.131
101679 SCV Y 18.4 0.986 9.6 0.933 1.56 3.20 4.37 9.41 1.18 - - 69 15.6 0.42 0.260 72 18.1 1.60 0.073
101680 SCV Y 18.4 0.986 11.3 0.761 2.08 3.12 4.34 9.03 1.18 63 13.0 65 15.8 0.44 0.259 67 17.2 1.43 0.083
101681 SCV Y 18.4 0.986 0.8 0.584 1.52 2.35 3.71 8.00 1.16 23 14.3 23 14.4 0.26 0.283 23 14.3 0.00 0.288
101682 SCV Y 18.4 0.986 28.4 1.30 2.11 5.04 5.54 10.4 1.33 - - 165 14.5 0.16 0.269 168 15.7 0.74 0.150
101683 SCV Y 18.4 0.986 30.4 1.20 3.24 4.79 5.50 10.5 1.26 - - 157 17.2 0.23 0.262 164 20.5 1.32 0.095
101684 SCV Y 18.4 0.986 9.7 1.98 1.23 6.00 6.03 11.3 1.33 - - 218 15.9 0.12 0.270 224 18.1 0.80 0.144
101686 NC N 9.1 0.880 13.4 0.475 1.95 1.97 3.68 8.64 1.26 9 7.7 9 8.0 0.83 0.258 9 8.0 1.13 0.099
101687 NC N 9.1 0.880 0.4 3.58 7.00 2.08 3.69 8.89 1.27 14 7.6 13 7.5 0.00 0.288 13 7.5 0.00 0.288
101688 NC N 9.8 0.880 7.7 1.29 6.56 2.10 3.79 9.21 1.31 14 6.6 14 6.6 0.00 0.288 14 6.7 0.07 0.269
101690 NC N 9.8 0.877 - 0.545 2.81 2.01 3.80 9.31 1.30 9 6.2 10 6.8 0.87 0.245 14 10.6 3.83 0.008
101691 NC N 9.8 0.880 1.3 2.31 3.17 1.93 3.42 8.14 1.10 10 10.9 11 11.8 0.87 0.245 15 16.1 3.84 0.010
101692 NC N 10.3 0.877 0.0 1.17 2.79 2.09 3.50 8.24 1.14 19 10.4 19 10.4 0.00 0.288 19 10.5 0.11 0.259
101693 NC N 10.3 0.905 15.9 1.29 1.30 2.80 4.12 9.31 1.21 54 9.4 55 10.9 0.43 0.261 57 12.5 1.40 0.081
101694 NC N 10.3 0.905 11.8 0.611 1.36 2.50 3.80 8.80 1.19 37 10.3 37 10.4 0.12 0.285 38 10.7 0.33 0.212
101695 NC N 10.3 0.905 13.2 0.726 1.37 2.60 3.86 8.50 1.18 44 10.9 45 11.3 0.28 0.277 45 11.4 0.40 0.199
101696 NC N 8.1 0.848 1.5 2.20 1.92 1.89 3.22 7.46 1.03 13 12.3 14 12.6 0.70 0.269 14 13.0 1.24 0.094
101697 NC N 8.1 0.848 1.4 1.98 1.68 1.93 3.37 7.78 1.08 14 10.7 15 11.6 0.81 0.250 16 12.6 2.21 0.039
101698 NC N 8.1 0.848 1.4 2.41 1.82 1.91 3.26 7.75 1.07 13 11.2 12 11.2 0.00 0.288 13 11.2 0.00 0.288
101699 NC N 8.1 0.848 2.2 2.47 1.77 1.89 3.29 7.75 1.06 12 11.1 12 11.4 0.73 0.267 13 12.3 1.86 0.053
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101700 NC N 8.2 0.863 0.0 0.520 1.81 2.00 2.96 6.55 0.898 23 18.0 22 17.9 0.00 0.288 22 17.9 0.00 0.288
101701 NC N 8.2 0.863 0.2 0.521 1.81 1.92 2.97 6.54 0.919 18 17.3 16 17.2 0.00 0.288 16 17.1 0.00 0.288
101702 NC N 8.2 0.862 0.4 0.518 1.79 2.08 3.33 7.51 1.05 23 12.6 23 12.7 0.27 0.283 23 12.8 0.20 0.240
101703 NC N 8.2 0.863 0.3 0.490 1.49 1.88 2.89 6.42 0.903 16 17.9 13 17.8 0.00 0.288 13 17.7 0.00 0.288
101704 NC N 8.2 0.862 0.1 0.653 2.16 2.25 3.39 7.57 1.06 33 12.9 33 12.8 0.00 0.288 33 12.8 0.00 0.288
101705 NC N 8.2 0.862 1.2 0.529 1.48 2.07 3.11 6.85 0.958 26 16.0 25 15.9 0.00 0.288 24 15.9 0.00 0.288
101706 NC N 8.9 0.863 0.7 0.688 3.53 2.29 3.55 8.00 1.15 32 10.7 31 10.6 0.00 0.288 31 10.6 0.00 0.288
101707 NC N 6.8 0.856 1.4 0.770 2.71 2.12 3.64 8.32 1.20 21 8.5 21 8.9 0.59 0.267 22 9.0 0.72 0.147
101708 NC N 6.8 0.856 6.0 0.621 1.63 2.64 3.78 8.36 1.14 54 10.3 55 10.8 0.22 0.277 55 11.1 0.44 0.193
101709 NC N 8.8 0.887 8.5 0.441 1.47 1.98 3.78 9.14 1.37 6 6.1 6 6.0 0.00 0.288 6 6.0 0.00 0.288
101710 NC N 8.8 0.887 9.4 0.442 1.48 1.94 3.79 9.19 1.34 4 6.1 4 6.1 0.00 0.288 4 6.1 0.00 0.288
101711 NC N 8.8 0.887 9.5 0.437 1.48 1.98 3.74 9.11 1.35 6 6.4 6 6.4 0.00 0.288 6 6.4 0.00 0.288
101747 SFBA Y 15.2 0.979 25.5 1.04 1.52 4.54 4.65 9.11 1.12 147 17.4 147 18.3 0.07 0.282 148 18.9 0.30 0.223
101754 SFBA Y 15.2 0.979 0.9 1.38 0.870 4.01 4.76 9.66 1.21 112 13.1 113 15.4 0.22 0.269 116 16.8 0.89 0.133
101755 SFBA Y 15.2 0.979 38.6 1.60 1.70 7.40 5.95 10.6 1.28 299 17.7 292 17.4 0.00 0.288 291 17.4 0.00 0.288
101756 SFBA Y 15.2 0.979 5.7 1.07 1.11 3.70 4.55 9.06 1.24 94 13.1 95 14.2 0.18 0.275 96 14.4 0.42 0.199
101757 SFBA Y 15.2 0.979 9.9 1.08 1.44 4.24 5.08 10.2 1.35 118 10.4 119 12.3 0.19 0.270 121 12.9 0.66 0.158
101758 SFBA Y 15.2 0.979 8.3 1.31 1.05 3.67 4.42 9.03 1.26 91 13.2 90 13.1 0.00 0.288 90 13.1 0.00 0.288
101759 SFBA Y 15.2 0.979 17.9 1.15 1.65 4.66 4.91 9.53 1.27 145 14.0 146 14.2 0.02 0.286 146 14.1 0.03 0.281
101760 SFBA Y 15.2 0.979 12.9 1.26 1.40 4.25 4.89 9.79 1.28 121 12.3 122 13.6 0.14 0.275 124 14.1 0.48 0.188
101761 SFBA Y 15.2 0.979 4.3 1.71 0.849 3.69 4.63 9.99 1.29 90 11.1 91 12.0 0.17 0.276 92 12.7 0.56 0.174
101763 SFBA Y 15.2 0.979 37.8 0.800 1.86 3.27 4.03 8.86 1.10 75 15.8 75 16.2 0.12 0.282 76 16.9 0.42 0.199
101764 SFBA Y 15.2 0.979 21.3 135.1 0.222 3.48 4.07 8.62 1.09 87 16.9 87 17.0 0.02 0.287 88 17.2 0.13 0.258
101765 SFBA Y 15.2 0.979 15.4 0.512 1.35 2.21 3.61 7.87 1.03 19 15.8 22 20.4 0.80 0.245 23 20.7 2.84 0.026
103118 LAB Y 17.8 0.983 3.8 3.00 0.728 4.28 4.83 9.61 1.19 127 14.2 129 16.4 0.18 0.272 131 17.7 0.76 0.150
103119 LAB Y 18.0 0.964 20.9 0.656 1.29 2.51 3.66 7.87 1.02 38 16.5 39 18.6 0.58 0.260 41 20.0 1.65 0.071
103120 LAB Y 16.8 0.957 7.7 1.32 1.29 4.84 5.60 10.7 1.34 - - 160 13.9 0.21 0.263 166 16.0 1.10 0.110
103121 LAB Y 17.8 0.976 4.7 7.32 0.313 4.59 4.93 9.86 1.24 142 13.6 143 14.6 0.09 0.280 144 15.2 0.36 0.210
103122 LAB Y 18.3 0.986 16.2 0.763 1.28 2.37 3.55 7.66 1.01 28 17.7 29 19.2 0.65 0.261 30 20.2 1.58 0.076
103123 LAB Y 17.8 0.984 7.0 1.31 1.07 4.03 4.98 9.66 1.16 - - 121 20.0 0.33 0.259 129 24.1 1.72 0.071
103124 LAB Y 16.8 0.958 16.4 0.853 1.11 2.37 3.61 8.00 1.07 29 15.1 29 16.0 0.58 0.265 30 16.8 1.26 0.096
103125 LAB Y 18.2 0.989 1.0 1.69 1.25 3.91 4.55 9.25 1.18 106 14.7 107 15.8 0.15 0.277 108 16.4 0.48 0.189
103126 LAB Y 18.2 0.993 21.4 0.708 1.64 2.83 3.83 8.08 1.04 51 17.3 52 18.8 0.41 0.269 53 19.7 1.03 0.121
103127 LAB Y 18.2 0.973 - 0.667 1.52 2.67 3.75 8.27 1.04 45 16.2 46 17.6 0.47 0.266 47 19.3 1.37 0.089
103128 LAB Y 18.0 0.957 15.8 2.56 1.41 9.35 8.03 13.4 1.53 - - 408 15.3 0.06 0.273 420 17.7 0.61 0.170
103129 LAB Y 18.0 0.957 15.8 1.97 1.42 7.55 6.97 12.4 1.44 - - 308 14.7 0.08 0.272 317 16.9 0.68 0.160
103130 LAB Y 17.6 0.971 11.0 1.73 1.43 6.56 6.31 11.7 1.37 - - 250 15.0 0.10 0.272 256 17.0 0.69 0.159
103132 LAB Y 18.2 0.980 16.1 1.57 1.37 6.55 6.65 12.1 1.43 - - 247 15.1 0.13 0.266 257 18.1 0.98 0.124
103133 LAB Y 18.2 0.984 4.3 1.93 1.17 3.55 4.31 9.06 1.13 88 15.1 89 16.5 0.22 0.273 91 17.6 0.74 0.152
103134 LAB Y 18.2 0.986 1.1 1.08 1.06 3.29 4.27 8.97 1.12 75 14.7 76 17.1 0.35 0.265 79 18.8 1.22 0.102
103135 LAB Y 13.4 0.976 13.5 0.831 1.36 3.39 4.24 9.17 1.19 78 13.6 78 13.9 0.09 0.283 79 14.2 0.27 0.226
103136 LAB Y 16.8 0.973 - 1.04 1.39 4.36 5.01 9.31 1.12 - - 145 21.3 0.26 0.263 151 24.5 1.38 0.095
103137 LAB Y 18.0 0.973 9.1 2.43 0.527 3.07 3.94 8.31 1.10 66 16.0 66 16.4 0.15 0.281 66 16.7 0.30 0.223
103138 LAB Y 18.2 0.973 0.9 5.23 0.286 2.74 3.90 8.52 1.13 46 14.2 46 15.0 0.38 0.271 47 15.6 0.81 0.141
103139 LAB Y 18.2 0.973 1.1 5.31 0.292 2.83 3.90 8.41 1.11 51 14.9 52 15.7 0.32 0.274 52 16.1 0.65 0.163



       Table S2.  Measured data and model results for all 905 samples. Page S36              

Sample 
Number Regiona 

AR 
areab 

MAATc 

(oC) 

Atmo. 
pres.d 

(atm)

3H     
(piC/L)e 

4He     
(x 10-7)ef 

3He/4He 
(x 10-6)e

Ne     
(x 10-7)f 

Ar     
(x 10-4)f 

Kr     
(x 10-8)f 

Xe     
(x 10-8)f 

ΔNeUA  

(%)
NGTUA 

(oC) 
ΔNeCE  

(%)
NGTCE 

(oC) 
CE F 
value L ex,CE

g 
ΔNePR  

(%)
NGTPR 

(oC) 
PR R 
value L ex,PR

g 

103140 LAB Y 18.2 0.984 1.5 1.10 1.13 3.54 4.52 9.54 1.22 84 12.6 86 14.5 0.28 0.268 88 15.7 0.96 0.123
103141 LAB Y 18.2 0.984 12.8 1.17 1.42 4.69 5.00 10.1 1.25 145 13.4 146 14.5 0.09 0.279 147 15.2 0.39 0.204
103142 LAB Y 18.2 0.993 23.0 1.50 1.38 5.88 6.60 12.6 1.37 - - 217 19.1 0.21 0.258 - - - -
103143 LAB Y 18.2 0.985 14.6 1.72 1.40 6.61 6.05 11.4 1.38 244 12.8 245 13.7 0.03 0.283 246 14.3 0.22 0.237
103144 LAB Y 17.8 0.972 8.1 1.07 1.49 4.20 4.97 9.87 1.21 - - 126 16.2 0.25 0.264 131 18.5 1.16 0.106

a San Francisco Bay Area (SFBA), Los Angeles Basin (LAB), Northern California (NC), Mojave Desert Basin (MDB), 
    northern portion of the Central Valley (NCV), and southern portion of the Central Valley (SCV)
b artificial recharge impacted area (Yes/No)
c mean annual air temperatures (MAAT) for station nearest the well, from the Western Regional Climate Center (http://www.wrcc.dri.edu/)
d calculated atmospheric pressure based on wellhead elevation using P=P o[(288.15/(288.15-(0.0065*H)))-5.25588] 
    where Po is pressure at sea level (101 325 Pa) and H is the height above sea level in meters
e "-" indicates data unavailable
f values given in cm3 STP g-1 

g L ex is the He to Ne ratio of the excess air component (= He ex/Neex) 
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