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ABSTRACT: Whole rock subsurface samples from the Cherry Canyon Formation, Delaware Basin, were used to document the
presence of a contaminant gas affecting the isotopic composition of acidified carbonate. The whole rock material, when reacted in
purified phosphoric acid using the McCrea (1950) method, produces a contaminant mass-46 gas (nitrégen dioxide, NOQ,). This mass-
46 gas contributes to the '#0/!'*0 ratio (mass 46/44), artificially enriching the §'80 value and masking the true isotope signature of
the CO, derived from the carbonate minerals. Acidified whole rock samples containing low carbonate (< 5%) tend to yield more
positive §'*0 (PDB) values, some greater than +30%o. Conversely, samples with higher carbonate (> 5%) have §'#0 values ranging
from +5%o to —8%o, hence diluting the effects of the contaminant gas on the mass 46/44 ratio. After purifying the CO, produced
by the McCrea (1950) method with a reduction furnace, all of the §'*0 values fall in the range of 0%o to — 1 2%o regardless of carbonate
content. The §'°C (PDB) values remain unchanged after reduction furnace purification, indicating no effect on mass 45/44 ratio.
The inferred source of the contaminant NO, gas is from inorganic ammonium adsorbed to interlayer sites of alumina silicates
such as illite and mica. This source is supported by the detection of ammonium and clays in the whole rock material and the lack
of correlation between percent organic carbon and §'*0 values influenced by NO,. To eliminate the effect of the contaminant gas
on §'%0 values, we describe a simple procedure that removes the contaminant NO, gas, vielding the true isotopic signal from the

carbonate minerals in whole rock material.

INTRODUCTION

Stable isotope studies of carbonate-bearing sediments
and rocks have been used in numerous studies for doc-
umenting diagenetic and depositional processes. The 20/
160 and 3C/12C ratios are obtained by reacting carbonate
mineral separates or whole rock samples in purified phos-
phoric acid. This process of carbonate acidification is
commonly referred to as the McCrea (1950) method. Since
publication of the McCrea (1950) paper, there have been
many modifications to the technique to obtain more ac-
curate isotopic results. Epstein et al. (1951, 1953) dis-
cussed the importance of heat treatment (roasting) to re-
move organic impurities from shell calcium carbonate
prior to acidification. Organic impurities can affect the
isotopic composition of CO, derived from carbonate
acidification. Epstein et al. (1951) found it necessary to
purify samples by roasting to eliminate the possibility of
molecules or radicals forming within the mass spectrom-
eter ionization chamber, which can contribute to masses
43 to 47. These compounds and radicals can be organic
or inorganic, including such examples as C,H;OH, CS,
CH,COCH, BCl, NO, and N,O (Epstein et al. 1951).
Epstein et al. (1964) developed a chemical separation
technique which allows the correction of isotope results
for physically inseparable mixtures of calcite and dolo-
mite. Sharma and Clayton (1965) modified these proce-
dures to include the kinetic isotope effects for mixtures
of calcite and dolomite.

Additional factors that influence isotopic results in-
clude particle size and reaction rates of carbonate min-
erals (Walters et al. 1972). Wachter and Hayes (1985)
measured the exchange rate of isotopes of oxygen between
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solutions of phosphoric acid as a function of temperature,
acid strength, CO, pressure, and reaction vessel surface
area. Although these methods are well established and
widely used, no method currently corrects for contami-
nant gases produced during the acidification of whole rock
material.

Whole rock samples analyzed using the standard acid-
ification technique can produce anomalous §'*0 values
that do not reflect the correct isotopic composition of
carbonate minerals. Instead, 6'%0 values may include an
artificial contribution to the §'30 signal caused by a con-
taminant gas of mass-46. The source of this mass-46
contaminant could be organically or inorganically derived
from the constituents in the whole rock. Suess (1973)
discusses the process of adsorbed organic compounds in
the form of carbon, nitrogen and phosphorous on calcium
carbonate as a function of grain size. Both organic and
inorganic matter can be adsorbed to other non-carbonate
minerals such as illite, mica and other clays (Stevenson
and Cheng 1972; Miiller 1977). As discussed by Epstein
et al. (1951, 1953), organic and inorganic compounds or
radicals with masses 44 to 46 associated with CO, from
carbonate acidification can affect the true isotopic com-
position. Whole rock samples in this study produce a
contaminant mass—46 gas during the acidification pro-
cedure even after using standard roasting treatment. §'30
values influenced by the contaminant mass-46 gas will
hereafter be referred to as contaminated 68O values.

A technique using a reduction furnace with copper
shavings (Epstein et al. 1951; Sackett and Thompson 1963)
in conjunction with the standard acidification method
was implemented to remove the contaminant mass-46
gas. The combination of these two techniques will remove
the contaminant gas from CO, produced by acidification
of carbonate and yield a true §'%0 value. To demonstrate
the effect of this contaminant mass-46 gas on 6'30 values,
only contaminated §'8%0 values less than +10%o will be
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FiG. 1.—Carbonate extraction line used for the generation and purification of CO, from whole rock material before mass spectrometry.

discussed in this study, since most published carbonate
6180 wvalues fall negative of this limit. Carbonate 680
values in this range (< 10%) are generally not considered
anomalous. Unless there is some other indication of con-
tamination, such as discoloration in the sample gas when
frozen with liquid nitrogen, these samples are not tested
for the presence of contaminants. Extreme 6'%0 values
(> 10%o) for carbonate cements are unusual and normally
would be further investigated. No sample gas discolora-
tion was observed in any of the Delaware Basin samples;
both the McCrea (1950) and reduction furnace methods
yield gases which produce white rings when frozen. The
objectives of this study are to 1) identify the contaminant
mass-46 gas, 2) discuss the effect this contaminant gas
has on the isotopic composition of acidified carbonates
using whole rock samples from the Delaware Basin, and
3) offer a plausible explanation for the source of contam-
inant gas,

METHODS

Whole rock material from the Cherry Canyon For-
mation, Delaware Basin, west Texas was obtained from
two subsurface cores ranging in depth from 1880 to 1920
m. Lithologies sampled in the two cores consist of sand-
stones, siltstones, and limestones. The fine- to medium-
grained massive sandstones and laminated sandstones
contain 0.05 to 1.25% total organic carbon (TOC) with
varying amounts of carbonate (1 to 30%). Massive sand-
stones regardless of grain size have lower TOC (< 0.5%)
than laminated sandstones. Medium- to coarse-grained
siltstones on average contain more TOC (0.1 to 2.3%)
than either massive or laminated sandstones but are lower
in carbonate content (< 10%). Limestone is a minor con-
stituent in the two cores, comprising less than 2.5 m in

one core and 0.5 m in the other. The limestones observed
in thin section contain silt and poorly preserved fossils.
The carbonate and TOC contents in these limestones range
from 35 to 85% and 0.1 to 2.0%, respectively.

Total organic carbon was measured by acidifying whole
rock material to remove carbonate and combusted using
an HP185 CHN Analyzer. Percent carbonate was deter-
mined using a gasometric technique modified after Jones
and Kaiteris (1983). Mineralogy was determined by thin
section petrography and X-ray diffraction.

After being lightly ground with a carbide mortar and
pestle, whole rock samples were sieved to < 63 um. Sieved
samples ranging from 10 to 30 mg were roasted under
vacuum at 380°C, then reacted in purified phosphoric acid
(H;PO,) at 50°C until all carbonate was completely di-
gested (Fig. 1). Resultant CO, was purified of contaminant
water vapor and passed through a reduction furnace con-
taining copper shavings at 250°C (Fig. 1). Purified CO,
was analyzed on a VG Isogas SIRA 24 mass spectrometer.

A pure carbonate laboratory standard was used to test
the reproducibility of the technique using the reduction
furnace (Fig. 1) with respect to the McCrea (1950) meth-
od. The mean for the laboratory standards using the
McCrea (1950) method and reduction furnace technique
were the same with a precision of =0.11%e for §'80 and
+0.09%o for ¢'3C. This indicates that there is no isotopic
difference in the pure carbonate laboratory standard using
either technique. All of the data are expressed in the con-
ventional delta (§) notation,

%0 = (Ratiostandard B Ratioreference)
(Ratio

»x 1000

rcfcrcncc)

where the isotope ratios of '30/!%0 and '3C/'2C are re-
ported relative to the international PBD standard (Craig
1957).
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Cherry Canyon Formation, Delaware Basin
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FIG. 2.—Stable isotope values using the McCrea (1950) method indicated by dots and the reduction furnace method indicated by plus symbols

for whole rock 'O and 4'*C values in the range of —14 to + 10%..

RESULTS AND DISCUSSION

Isotope analysis of whole rock samples from the Cherry
Canyon Formation, Delaware Basin was complicated by
the presence of a contaminant mass-46 gas that obscures
the isotopic composition of carbonate phases. Some acid-
ified whole rock samples, especially siltstones and lami-
nated sandstones containing less than 5% carbonate, have
produced 6'80 values greater than + 30%c (Mucciarone et
al. 1987; Mucciarone 1988). The majority of contami-
nated §'®0 values for all lithologies range from —7 to
+10%0 with associated §'3C values in the range of —10
to +3%o (dots, Fig. 2; Table 1). The 6'%0 and 6'*C values
designated by dots in Figure 2 were generated using the
McCrea (1950) method. Isotope values denoted by plus
signs in Figure 2 are for the same samples after reduction
furnace purification.

To determine the cause of more positive 6'%0 values
using the McCrea (1950) method (dots, Fig. 2), the rel-
ative mass distribution of sample gas derived from whole
rock material via the McCrea (1950) method was scanned
from mass 41 to 50 (Fig. 3A). Although carbon dioxide
gas has a mass distribution ranging from mass 44 to 49,

99.995% of CO, is represented by masses 44, 45 and 46
(McCrea 1950). The natural abundance of CO, species
with masses 47, 48 and 49 is so low that they are usually
below mass spectrometer detection limit. The mass scan
from a whole rock sample (Fig. 3A) illustrates the pres-
ence of significant amounts of masses 47 and 48 which
do not appear in the mass scan of CO, from a pure car-
bonate laboratory standard (Fig. 3B).

The sample that produced the scan peaks in Figure 3A
was reacted again using the same amount of material and
then passed through a reduction furnace to remove oxides
of nitrogen. The mass scan of this purified CO, gas (Fig.
3C) was then compared with the previous mass scan of
unpurified gas (Fig. 3A) measured at the same pressure
and beam current. The gas scan in Figure 3C shows the
absence of peaks 47 to 48 and the reduction of peak 46
relative to the scan in Figure 3A.

Since the reduction furnace procedure is designed to
remove oxides of nitrogen, specifically N,O and NO, (Ep-
stein et al. 1951; Sackett and Thompson 1963), inferences
can be made on the type of contaminating gas. The re-
moval of NO, would explain the reduction of the mass-
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TaBLE 1.—A subset from 90 Cherry Canyon Formation, Delaware Basin Cores 1 and 2, chosen to represent the variability range of contaminat-
ed (Con) and uncontaminated (Unc) 650 and 8"°C values, §'°0 gz and 8°C y results, weight percent organic carbon (TQC), and percent carbon-
ate (CO ) (modified from Mucciarone, 1988)

McCrea (1950) Method

Reduction Furnace

Depth (m) 5150, 813Ccq, F1O) e 53Cype 150 51%Cy Wt.% TOC % CO,
Core 1:
1,883.65 -0.35 -9.39 —-0.53 -9.13 0.02 0.26 0.11 85.2
1,883.87 —3.81 —0.59 -3.39 —0.98 0.42 -0.39 2.31 8.1
1,885.54 —4.91 —-5.93 —8.52 —-6.79 —3.61 —-0.86 0.79 3.5
1,887.97 1.50 —43.40 0.00 —43.27 —1.50 0.13 0.05 28.9
1,889.01 —6.43 —3.55 —7.00 —4.05 -0.57 —0.50 [.11 2.4
1,897.08 —3.46 —-4.51 —-7.10 —4.73 —3.64 —0.22 0.12 2.3
1,901.03 8.83 -3.39 —4.84 —3.87 —13.67 —-0.48 0.26 2.1
1,912.32 1.26 -3.57 —8.25 —-3.12 —-9.51 0.45 0.26 2.0
1,914.77 5.42 —-3.55 —6.53 —4.07 —11.95 —0.52 0.45 2.1
1,915.97 0.24 -3.74 —6.19 —3.36 —6.43 0.38 0.17 1.4
Core 2: N
1,885.65 —6.92 —-8.05 —8.66 —8.06 —-1.74 —0.01 0.07 3.8
1,889.76 9.39 -5.57 —11.57 —5.52 —-20.96 0.05 0.23 2.6
1,899.48 7.90 -5.33 —-7.99 —5.03 —15.89 0.50 0.55 4.9
1,901.29 4.80 —4.45 —7.98 —4.24 —-12.78 0.21 0.23 4.1
1,903.02 —0.66 0.33 —-3.78 —-0.70 —-3.12 —1.03 2.11 4.1
1,903.69 —3.35 3.07 —4,13 3.21 -0.78 0.14 0.37 73.1
1,904.70 —5.52 0.95 —5.39 1.32 0.13 0.37 0.72 35.7
1,908.08 —4.81 —2.55 -0.73 —3.43 4.08 —0.88 0.14 3.4
1,912.92 —4.67 —2.58 —-7.55 —-2.67 —2.88 —-0.09 0.14 2.1
1,917.05 8.47 —2.59 —-7.78 —3.34 —16.34 -0.75 0.40 2.8

46 peak and the elimination of mass-47 and -48 peaks
in the scan of the uncontaminated or purified gas. There-
fore, the most likely contaminant gas, in this case, is NO,
with the dominant species being mass-46 (99.17%).

The nitrogen oxide, N,O, can be excluded as a con-
tributing species in these samples, even though it contains
masses 44 to 46. The removal of N,O from the sample
gas by reduction furnace treatment would produce a change
in the mass 45/44 ratio (13C/'2C). The correlation coef-
ficient between §6'3C wvalues before and after reduction
purification is 0.97, indicating that IN,O contribution to
the 6'3C signal is negligible.

The contaminant NO, gas originates from an inorganic
rather than an organic nitrogen source. Total organic car-
bon (TOC) does not correlate with contaminated §'%0
values (r = 0.10). In fact, samples with high TOC (>
1.0%) have more negative §'30 values than samples con-
taining low TOC (< 1.0%). In addition, nitrogen peaks
were not discernible from CHN analysis. A plot of 6130 4
(620 values using the McCrea (1950) method minus 6'20
values using reduction furnace purification; Fig. 4) illus-
trates that any carbonate and total organic carbon content
occurs with both small or large changes in §'%0y after
reduction furnace purification. This indicates something
other than organic material is affecting the #0/!°O ratio
(Fig. 4).

Although organic content shows no relationship to con-
taminated 6'30, there is an apparent correlation between
TOC and grain size. Siltstones (< 62 um) have the highest
TOC (0.4-2.3%) with laminated sandstones (63-225 um)
containing higher TOC (< 1.25%) than massive sand-
stones (< 0.5%) of the same grain size. However, grain

size is not linked to the occurrence of the contaminated
6120 values (r = —0.14).

After identifying the contaminant gas NQ,, the whole
rock material was analyzed for nitrogen content. Results
from six samples reveal the presence of nitrogen in the
form of ammonium which ranges from 20.6 to 95.8 ug/
g. Nitrogen occurs in soils and sedimentary rocks in am-
monium-bearing minerals such as illite and mica (Ste-
venson and Cheng 1972; Miiller 1977; Sterne et al. 1982;
Juster et al. 1987). Ammonium ions are adsorbed within
interlayer sites of alumina silicates such as clays and mica
which possess high layer charges (Stevenson and Cheng
1972; Miiller 1977). Both illite and mica are present in
varying abundance in all lithologies except for the mas-
sive sandstones, which are virtually devoid of illite but
contain mica (< 3.0%). Siltstones have the highest mica
content (> 20%) with laminated sandstones containing 3
to 20%.

All lithologies with less than 5% carbonate have ap-
proximately the same range of 630 values. However,
samples with carbonate content greater than 5% exhibit
less change in #'%0 values after reduction furnace puri-
fication (i.e., smaller §'®Qgq values). This implies that
higher carbonate contents could have the ability to mask,
but not eliminate, the influence of the ammonium-bear-
ing minerals capable of producing the contaminant gas.
For example, if ammonium content remains the same
and carbonate content is increased, the effect of the con-
taminant gas on the derived CO, will be diluted, thereby
reducing the effect on contaminated 6'*0 values. Exactly
how much of these ammonium-bearing minerals is re-
quired to affect the §'%0 value of a given sample is un-
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F16. 3.—Mass spectrometer scans of gas generated from (A) a whole rock sample using the McCrea (1950) method, (B) a calcite standard using
the McCrea (1950) method and (C) a whole rock sample after reduction furnace purification. All of the mass scans were analyzed at the same
gas pressure.
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F1G. 4.—Weight percent total organic carbon (TOC) plotted against §'*Qy;; values (6'*0 using the McCrea (1950) method minus §'*0 using
reduction furnace). The square, circle and triangle symbols represent the carbonate content range for each sample. The carbonate and TOC

contents are not related to 6'*O (r = —0.12 and 0.10 respectively).

known. Only a direct measurement of NH, content will
answer this question. Unfortunately the detection of NH,
or ammonium-bearing minerals in whole rock samples
will only identify the potential source of contaminants.
Routine use of a reduction furnace will prevent NO, or
N,O produced by acidifying nitrogen-bearing matter from
affecting §'30 or 6'*C values of carbonates in whole rock
material.

CONCLUSIONS

Roasted whole rock material when acidified using the
McCrea (1950) method can produce a contaminant gas
which contributes to the isotopic composition of the de-
rived CO,. This contaminant gas is NO,, with ammo-
nium-bearing micaceous minerals determined as the most
plausible inorganic source of nitrogen. Contaminated §'%0
values show no relationship to total organic carbon (TOC)
or grain size. The amount of organic material does not
correlate with the change in 6'%0 (8'%0yy) values after
reduction furnace purification. This indicates that organic
material when acidified does not produce contaminant
NO, gas.

Contaminated §'®*O values (Table 1; Fig. 2) presented
in this study are within the range of most carbonate §'20
in the published literature. The §'%0 results after reduc-
tion furnace purification substantiate that the presence
of NO, can drastically affect the 6'*0O values of carbonates
in whole rock material, where isotope results obtained

without reduction furnace purification yield more posi-
tive 6'%0 wvalues (Fig. 2). After reduction furnace treat-
ment, more positive 6'80 values change considerably, in
some cases by more than 10%e. Conversely, negative §'50
values (— 12 to 0%o) change less than extremely positive
6'8%0 wvalues (Fig. 2). The 6'3C values remain virtually
unchanged after reduction furnace purification, demon-
strating no effect on the mass 45/44 ratio ('*C/'2C) by the
contaminant gas. In addition, there is no coloration dif-
ference between contaminated and purified gas frozen by
liquid nitrogen; all sample gases were white when frozen.
Elimination of the contaminant mass-46 gas by reduc-
tion furnace purification produces a pure CO, represen-
tative of the carbonate fraction in whole rock material.
Results of this study illustrate that even whole rock 620
values in the range of —12 to + 10%e could contain enough
contaminant gas to bias isotopic results and subsequent
interpretations (Fig. 2). Considering the range of 630
values over which this effect occurs, steps should be taken
to test for the presence of this contaminant gas regardless
of §'®%Q values and to further purify the gas samples, if
necessary, or routinely use a reduction furnace.
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