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Figure 1. Typical chromatogram of analyses; each individual sample had a sampling set of
seven gas aliquots bracketed at both ends by three reference gas injections pulses.
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Figure 2. Results of analyzing for �13C and �18O isotopes of standard reference
materials using GasBench II at 65°C and two different reaction times (overnight shown
with open symbols and 1.5 h shown with filled symbols). One analysis number represents
seven gas aliquots of a sample. Diamonds represent NBS-18 reference standard;
squares are NBS-19, and circles are USGS working standard material; dashed line with
dot, dash, and solid lines represent published value of the reference standard,
respectively.
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Figure 3. Results of analyzing for �13C and �18O isotopes of standard reference
materials using GasBench II at 26°C and between 24–54 h reaction time. One analysis
number represents seven gas aliquots of a sample. Diamonds represent NBS-18
reference standard, squares are NBS-19, and circles are USGS working standard;
dashed line with dot, dash, and solid lines represent published value of the reference
standard materials, respectively.

Figure 4. Isotope values for �13C and for �18O versus area in Volt-seconds for all seven
analyses for each sample analyzed from the three reference standards (a = NBS-18;
b = NBS-19, c = USGS working standard), totaling 88 samples.
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Table 1a. For �13C analysis, for all 88 samples from three reference standards run concurrently with field samples, statistics pertaining to
bias and pooled standard deviation, among all and pooled analyses and analyses separated by reaction time, and the number of analyses
in each category. All units are in�
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Table 1b. For �18O analysis, for all 88 samples from three reference standards run concurrently with field samples, statistics pertaining to
bias and pooled standard deviation, among all and pooled analyses and analyses separated by reaction time, and the number of analyses
in each category. All units are in�
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Table 2a. For �13C analysis, for the 71 samples from all three reference standards that abide by screening rules applied to field samples,
statistics pertaining to bias and pooled standard deviation, among all and pooled analyses and analyses separated by reaction time, and
the number of analyses in each category. All units are in�

��!������ ����%��� �

 ���
���� 4��
�� ����
��

����
�� ���
� �� ��*�� "

�!��� ���� ��O������

����
�� ���
� �� ��*/� "

�!��� ���� ��O������

�����%� ����

�

 ����
�� 
'

�R 
'

�R 
'
�R �
'

/R S

=K�#�& 
'
�R 
'
�R 
'
�� �
'
�R �

;�<� ,��A��% �������� �
'
I� �
'
I� �
'
N� �
'
/� S

=K�#�? 
'
&� 
'
&� 
'
&R 
'
?� S

� � � �

�������� ����� �! ����

�

 ����
�� 
'
� 
'
� 
'
� 
'
�

=K�#�& 
'
� 
'
� 
'
� 
'
�

;�<� ,��A��% �������� 
'
� 
'
� 
'
� 
'
�

=K�#�? 
'
� 
'
� 
'
� 
'
�

�������� ��������� �! ����

�

 ����
�� 
'�� 
'
? 
'
? 
'
?

=K�#�& 
'
? 
'
I 
'
/ 
'
�

;�<� ,��A��% �������� 
'�
 
'
N 
'
N 
'
&

=K�#�? 
'�� 
'
N 
'
I 
'
?

�����%� ���
�� �������� ���������

�

 ����
�� T 
'
& 
'
N 
'
&

=K�#�& T 
'
N 
'
N 
'
&

;�<� ,��A��% �������� T 
'
N 
'
& 
'
N

=K�#�? T 
'
& 
'
N 
'�


=	���� �! ���
����

�

 ����
�� � H �?N � H N� � H �� � H �N

=K�#�& ��
 �
 �� I

;�<� 0��A��% �������� ��
 �
 �N ��

=K�#�? ��N �� �� &

�2 ��O��� �"� �	

 "����"���� 3�2 �����%� ���� H 
 ��#�����1 �� � � 
'
/ 
���
'

R2 ������ ��O��� �	

 "����"���� �"�� �����%� ���� �� 
'

�2 ��O��� �"� �	

 "����"���� 3�2 �����%� ���� �����
�� ,��" ���� ��� "� H �����%� ���� �����
�� ,��" ���� ���,��� ��� "�1 �� � � 
'
/1 
���
'

S2 ������ ��O��� �	

 "����"���� �! �)	�
��� �! �����%� ����'

�2 ��O��� "����"���� �! �)	�
 ����� ����% ��!������ ��������� �� � 
'
/�'

4	�
��"�� �� �

� �� ��"� 0�
�� F ����1 .��' ���
� ������� ���� ���	
���� �

�� �82 ��
�*����

��
& 9' 8' ��:��:� ��� �' 8' .���,�"�



,�� ����� �"�� �

 �N ����
�� �"�� !��
�� �"� ��������% �	
��

"�� � �������� ���� ���,��� �� ��� �� "'

�! �"� ���%���
 && ����
��1 N� ��&
-� �����!��� �"� �
�)	��

��������% �	
��' � ����������
 �	����� �! ���	
�� !�� �"� N�

��������
� ����
�� �� �������� �� (��
� �1 ,"��" !�

�,�

�"� !����� �! (��
� �' ("� ���	
�� !�� ���� ��� �	����� ��

�� (��
� ���� ��� ��� ����
���
� ���������� ,��" �"��� ��

(��
� ����1 �
�"�	%" ,��" ���

�� �����%� ���
�� ��������

���������' ("� ���	
�� !�� ��&� ��� �	����� �� �� (��
�

����' ("� ���	
�� ��� 	������� ����!����� �� �#����1 ,��"

� � 
'
/� !�� �

 �����1 �$���� !�� ����
�� !��� �"� ;�<�

,��A��% ��������1 �	� ���� !�� �"�� ����%��� �"� ���� ��

,��"�� �"� ������� ��
������ �! 
'��' K��" �"� ��������

����� ��� �"� �������� ��������� ,��� 
��%�� ����% �"�

��&� ���
���� �"�� !�� ����1 �	� �"� �������� ��������� ,��

�
�� ,��"�� �"� ������� ��
������ �! 
'�� !�� =K�#�& ���

=K�#�? ����
��1 �
�"�	%" 
��%�� �
'���� !�� �"� ;�<�

,��A��% �������� ����
��' ����
�� ,��� ��������� ��

�������� ���� ��� " ��� ��� "' ���	
�� ���,��� �"� ���� �!

�"����� ��� 
��%�� �������� ����� ��!!���� ���� !�� ����
��

!��� �"� ;�<� ,��A��% �������� �"�� !�� ���"�� =K�#�& ��

=K�#�?' ����
�� �	� ,��" �"� �"����� �������� ���� ,���

��%�����
� ������ �� �
'�� ,��" � �������� ��������� �!

�
'��1 ,"����� �"��� ,��" �������� ���� ��� " ,���

	������� ����!����� ,��" �#����� ,��" �������� ���������


'���' �=���2 ,� ��	
� ��� ��O��� �"� "����"���� �! �)	�


����� !�� �"� �����%� ���� !�� �"� ;�<� ,��A��% ��������1

�	� �"�� �� � !	������ �! �"� 
��%� �������� ���������

���������� ,��" �"� �"����� ���� ����
��'� 5	��"������1 ��

���
���� �! �������� ���� ����% �"� ����
�� ���
� �� ��

��� " ��	
� ��� ��O��� �"� "����"���� �! �)	�
��� �! �����%�

���� ����% ��!������ ���������1 �
�"�	%" �� ��� �� ����%

�"��� �! ��� " �������� ���� ��� !�� �"� ������ ���
�� ���'

("	�1 !�� ��&�1 ,"�� �"� ��������% �	
�� ��� ���
���1

����
�� !��� �

 �"��� ��!������ ��������� ����	���

	������� ���	
�� ,��" �����	� �������� ���������

��
'���1 �
�"�	%" �� ������� �"�� �"� ;�<� ,��A��%

�������� ����� ���� �������� ���� !�� �"� ���"�� ��

���!��� �������
�' 3�,����1 %���� �"� A������ ���	�� �! �"�

��������1 �"��� ���	
�� ������ �� �$�����
���� ������ /� "1

�"� ��$��	� ���
���� ���� �! �"��� �$���������'

(��
� � �"�,� �"� �����%� ���� ���� �)	��� ����� ����%

�

 �! �"� ���
�� ����
��1 ��� ,"�� �"�� ,��� ��������� ��

�������� ����' ("�� ��������� �� � ������ �! �"� ����
 ����� �� ��

���
���� ��� �� ��!���� �� �"� �)	��� ���� �! �"� �	� �! �"�

�)	���� ���� ��� �"� ��������� ��������� �!!������
�1 �� �� �"�

Table 2b. For �18O analysis, for the 71 samples from all three reference standards that abide by the screening rules applied to field
samples, statistics pertaining to bias and pooled standard deviation, among all and pooled analyses and analyses separated by reaction
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Table 3. Average root mean square error (�) among pooled samples, for all samples and for samples categorized by reference standard
and by reaction time, for samples from all three reference standards, for both �13C and �18O analysis, and the number of samples in each
category
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Figure 5. Stable carbon and oxygen isotope ratio profiles obtained by the
GasBench II method for the re-sampled DH-11 core material compared
with the original DH-11 analysis by the classical method. Filled symbols
indicate data profiles of the re-sampled DH-11 core material obtained by
the GasBench II method and star symbols indicate analysis of the same
core by the classical method; open symbols indicate data profiles from the
original DH-11 analysis obtained by the classical method, as reported by
Landwehr et al.8
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Figure 6. Stable carbon and oxygen isotope ratio profiles obtained by
the GasBench II method for the re-sampled DH-11 core material, with
appropriate sampling depth correction applied, compared with the original
DH-11 analysis by the classical method. Filled symbols indicate data
profiles of the re-sampled DH-11 core material obtained by the GasBench
II method and star symbols indicate analysis of the same core by the
classical method; open symbols indicate data profiles from the original
DH-11 analysis obtained by the classical method, as reported by
Landwehr et al.8 The linear correlation between the isotope values
generated by the classical and the new method is �0.96 for both
isotopes.
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APPENDIX A. Data tabulation
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