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Introduction: Hydrogen isotope characterization of 
bulk samples from a wide range of extraterrestrial ma-
terials is a necessary step to better our understanding of 
the origins and proliferation of water in our solar sys-
tem.  Rough determinations of hydrogen isotope ratios 
in planetary atmospheres have been conducted through 
remote sensing (e.g. [1]), but high-quality measure-
ments of hydrogen held within the rocks of a body re-
quires physical samples to be measured on instruments 
we have on the Earth.  Historically, there has been a par-
ticular focus on volatile-rich chondrites and meteorites 
from known bodies (e.g. [2], [3]).  The extensive meas-
urements of hydrated meteorite groups can be attributed 
to the relative ease of hydrogen isotope measurements, 
CM chondrites’ isotopic similarity to the Earth [4], and 
the inherent scientific benefit of fully characterizing a 
suite of meteorites attributed to a specific class of aster-
oidal bodies.  Despite all the work on hydrated chon-
drites, one class which has historically been underrepre-
sented in literature due to its nominally anhydrous na-
ture is the ordinary chondrites. 

Notably, there has been increased interest in hydro-
gen isotopes within ordinary chondrites over the past 
decade. However, the vast majority of studies have fo-
cused extensively on low petrologic types [5] and spe-
cific components of the sample, using techniques like 
Secondary Ion Mass Spectrometry (e.g. [6], [7]).  In situ 
measurements within a sample are inherently flawed 
when considering the source of water to a body, as any 
water deposited will consist of the entire volume of the 
meteorite, not only that within specific minerals.  Since 
the early 1980s [8], bulk hydrogen isotope measure-
ments within ordinary chondrites have almost exclu-
sively been conducted on Semarkona [5], one of the 
least thermally altered of the class with an anomalously 
high hydrogen isotope value compared to any other me-
teorite.  Due to the recent measurements being the most 
significant studies of hydrogen isotopes in ordinary 
chondrites to date, the Semarkona hydrogen isotope 
value is often used as the representative value for the 
class [9].  In this study, we measured a range of ordinary 
chondrite subclasses and petrologic types to create a 
more representative average hydrogen isotope value of 
ordinary chondrites. 

Samples and Methods: Bulk hydrogen isotope 
measurements have been conducted on 13 ordinary 
chondrite falls, the majority procured from the collec-
tion of the Institute of Meteoritics at the University of 
New Mexico with the remainder purchased directly 
from dealers.  Falls were chosen in an attempt to mini-
mize the effect of terrestrial water contamination.  Sam-
ples were chosen to represent a range of petrologic types 

from H, L, and LL ordinary chondrites.  Chainpur 
(LL3.4), Parnallee (LL3.6), and Saint-Séverin (LL6) 
were included to compare with measurements from the 
early 1980s in [8 & 10].   

For this study, a continuous-flow mass spectrometry 
method was used with a line constructed to extract hy-
drogen in nominally anhydrous minerals.  Each sample, 
stored in a glass desiccator and removed only to be pre-
pared and measured, was ground to ensure homogeniza-
tion of inherently heterogeneous meteorites and effi-
cient release of both water and hydrogen when heated. 
Aliquots of a ground sample were placed in silver foil 
capsules and the capsules were placed in a quartz-glass 
tube to be heated.  A continuous flow of dry helium, 
used as a carrier gas, was run over each sample for a 
minimum of 8 hours before step heating commenced. 
Five steps, at 150, 300, 500, 700, and 900°C were con-
ducted in a tube furnace, culminating in a final step 
where the sample was melted into a glass using an oxy-
gas torch.  For each step, a sample was allowed to de-
gas/dehydrate at temperature for an hour.  All hydrogen 
released from the sample was converted to water in a 
600°C furnace through the reaction CuO + H2 → Cu + 
H2O and all water was collected in a liquid nitrogen 
cryo-trap.  After collection, the cryo-trap was heated 
and the water was sent through a second 1350°C reac-
tion furnace, converting all hydrogen into H2 gas 
through the reaction H2O + C → H2 + CO. The resulting 
gasses were run through a 5Å molecular sieve to sepa-
rate the H2 and CO, and the hydrogen isotope ratio was 
measured in a Thermo Delta Plus XL mass spectrometer 
in the Center for Stable Isotopes at the University of 
New Mexico.  

Results: The majority of hydrogen release for every 
meteorite measured (57-88%,  median 81%) occurred in 
the first 3 steps at temperatures below 500°C (see fig. 
1a).  Each of the three lowest temperature steps have a 
δD averaging between -60‰ and -100‰, while a sig-
nificant increase in δD occurs at 500°C where all steps 
except for the type 5 at 700-900°C are near or above 0 
(see fig. 1b).   Little correlation is shown between pet-
rologic type and hydrogen release by step, with type 6 
meteorites averaging a slightly higher percent release 
above 500°C.  A more significant correlation is shown 
between δD and petrologic type, as type 3 meteorites 
tend to have a significantly higher δD than any other 
classes for the> 500°Crelease steps.  Despite the in-
crease in δD with type 3 metorites, there is no signifi-
cant difference between any of the other classes and be-
low 500°C, there is no significant difference between 
any of the four classes.   
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Bulk δD values in this study were very consistent 
across the majority of meteorites measured with the ex-
ception being Chainpur.  As shown in Table 1 and Fig. 
2, if all steps above 300°C are included in the bulk 
value, all meteorites have negative δD values, averag-
ing-53‰.  When removing the 300-500°C step, includ-
ing everything above 500°C in the bulk value, Chain-
pur’s δD increases to +204‰ and the average for all 
samples to -3‰.  No significant correlation was ob-
served between bulk δD and bulk hydrogen content in 
all meteorites measured. 

Table 1: Bulk hydrogen release and δD for all meteorites measured in 
this study.  Bulk hydrogen calculated by addition of all included steps 
and δD using mass-balance based on the hydrogen release per step.  
Error for δD in the instrument calculated based on total H content. 

Discussion:  The step-heating measurements con-
ducted in this study show that every meteorite is suscep-
tible to terrestrial contamination, even month-old falls.  
The relatively small amount of hydrogen release in the 
0-150°C step is consistent with inevitable adhered water 
on each sample.  The next two steps, up to 500°C, are
vitally important as their hydrogen release was so large
in all cases that they would dominate the bulk value if
included.  We determined that both of these steps were
likely controlled by terrestrial contamination, as the
negative δD values shown are consistent with inland ter-
restrial water and these release temperatures are likely
where low-temperature terrestrial alteration products
would be observed.  Removing the first three steps, the
water concentrations in our study are within the range
observed in previous studies [8,10,11] and our Chainpur 
δD value was consistant with that presented in [10].

Including our measurements with historical data 
(fig. 2), the presence of heavy bulk δD ordinary chon-
drites confirmed by our Chanpur measurement, shows a 
trend of isotopically heavy type 3.0 unequilibrated ordi-
nary chondrites decreasing in δD to the point of 

equilibrated type 4 chondrites.  All petrologic types 
above 4 have a consistent near-terrestrial value.   We 
believe this is due to the destruction of heavy organic 
matter, like that observed in Semarkona by [5], during 
parent body heating.  As a whole, we conclude that sam-
ples with high δD values, such as Semarkona, are in no 
way representative of the entire class of ordinary chon-
drites.  

Figure 1: Percent hydrogen release of bulk hydrogen (a) and δD of 
measured meteorites by temperature steps.  Each point represents the 
average value for the class at a given temperature step.  1400°C rep-
resents an estimated temperature for heating with an oxy-gas torch. 

Figure 2: Bulk δD of measured meteorites by petrologic type.  Blue 
circles represent historical measurements collated from [8,10,11].  
Red circles and green squares represent data from this study with red 
circles excluding steps below 300°C and green squares excluding all 
steps below 500°C. 
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Name Class 
H2O 

+300°C 
wt%

H2O 
+500°C 

wt%

δD 
+300°C 

‰

δD 
+500°C 

‰
Chainpur LL3.4 1.43 0.43 -58±26 204±21 
Parnallee  LL3.6  0.27 0.08 -42±9 16±14 

Chel-
yanbinsk LL5 0.10 0.04 -61±13 -58±16 

Kheneg 
Ljouâd LL5/6 0.03 0.02 -39±18 -32±20 

Saint- 
Séverin LL6 0.29 0.09 -72±8 37±13 

Aba Panu L3.6 0.07 0.03 -63±14 -18±18 
Bovedy L3 0.43 0.13 -113±7 -55±12 
Daule L5 0.17 0.07 -64±11 -44±14 

Vinales L6 0.04 0.02 -38±16 13±19 
Dhajala H3.8 0.16 0.06 -18±11 60±15 
Marilia H4 0.35 0.15 -60±8 -44±12 
Nuevo  

Mercurio H5 0.05 0.03 -3±16 36±19 

Aiquile H5 0.14 0.05 -51±11 -10±16 
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