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Alexei Milkov, Colorado School of Mines CO (amilkov@mines.ed) 

 

Considering the high radiative forcing of atmospheric methane, it is important to reliably identify 

and quantifying the sources and sinks to understand the methane budget.  The challenge is further 

emphasized by the renewed increase in net methane accumulation in the atmosphere since 2007, 

and identifying the cause(s) for the changes.  The assignment of representative stable isotope 

ratios, e.g., 13CH4, to the various methane sources and isotope fractionation by sinks is an integral 

part of this methane budget process.  If we are to effect real reductions in methane emissions, then 

accurately quantifying the flux strengths and signatures is a requisite need.   

 

The Howarth (2019) paper, which has precipitated this discussion, assigned 13CH4 values of shale 

gas (‘SG’), conventional natural gas (termed ‘CG’), gas associated with oil production, gas 

associated with coal production, and biogenic (microbial, ‘B’) and biomass burning (pyrogenic) 

emitting to the atmosphere (Howarth’s Table 1).  We argue that the 13CH4 values for SG chosen 

by Howarth (2019) are demonstrably not representative.  As these values cascade through the 

calculated mass balance in Howarth (2019), this leads to erroneous conclusions.  The selection of 

more representative 13CH4 values for fossil fuels and the attendant supporting information is 

provided and discussed in Lewan (2020).  This paper responds directly to the comments in the 

discussion by the Anonymous Referee #1 (AR1, 2020).   

 

The issue revolves largely around the selection of the 13CH4 values for shale gas (SG).  First, 

Lewan (2020) commented that there is substantial overlap in the range of 13CH4 values for shale 

methane and conventional methane.  This ineffectiveness of 13CH4 values to unambiguously 

differentiate sources has been stated by numerous authors, e.g., Nisbet et al. (2016), Turner et al. 

(2019).  The 13CH4 overlap and lack of discrimination between SG and CG has been clearly 

shown by the extensive global natural gas database from Milkov et al. (2020).  The latter paper 

further shows that the range in 13CH4 values for SG and CG is large (46.7 ‰ and 88.2 ‰, 

respectively).  However, their mean13CH4 values for SG and CG are respectively -41.1 ‰ and -

42.8 ‰, which are notably different from Howarth (2019) values of -46.9 ‰ and -44 ‰, 

respectively.  Although AR1 (2020) refers to these concerns by Lewan 2019 as ‘nit picking’, 

having representative 13CH4 values is important as we will demonstrate. 

 

 

Lewan (2019) employed the same rational and mathematical constructs as in Howarth (2019), but 

with13CH4 values deemed more representative and appropriate for shale gas.  As a result, the 

revised calculation shows that shale gas is not the main driver of recent increases in global methane 

atmosphere.  Whereas opposed to percentages, actual magnitudes are very important with shale 

gas methane being reduced by 2.6 Tg/year and all other fossil-fuel methane reduced by 1.5 Tg/year 

for a total fossil fuel methane reduction of 4.1 Tg/year with a calculated biogenic methane increase 

of 4.1 Tg/year, which is 14.4% of the 28.4 Tg /year global increase determined by Worden et al. (  
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2017).  As noted by AR1 (2020), these more representative isotopic values change the conclusion 

prescribed by Howarth (2019).   

 

 

The definition of shale gas used by Howarth (2019), as produced methane and associated gases 

released from shale rock by high volume hydraulic fracturing, is not universally accepted.  In some 

instances, hydraulic fracturing is not a requirement and that shale gas is termed as natural gas 

produced from shales (e.g., Curtis, 2002; Jarvie, 2012).  Regardless, of which definition is 

preferred, the database compiled by Lewan (2019, Table 1) complies with the definition of 

Howarth (2019), albeit some of the AR1 (2020)’s and those of Howarth (2019) examples are not 

consistent with the definition of Howarth (2019).   

 

The AR1 (2020) uses the study by Muehlenbachs and Arismendi (2019) in the Western Canada 

Sedimentary Basin (WCSB) as evidence for the isotopically light shale gas methane emissions.  In 

the abstract of this study, the gases reported are from surface casing vent flow and ground 

migration gases that have 13C-depleted (isotopically ‘light’) 13CH4 values (-58.4 and -57.3‰, 

respectively) suggesting a major microbial (biogenic) methane component.  According to the 

authors, these emissions originate mostly from formations shallower than the shale gas horizons, 

which is indicative of migrated gases not related to the shale gas in underlying targeted shale 

intervals.  It is common for groundwaters, especially under anaerobic conditions, to contain 

microbial methane generated via methanogenesis.  In addition to 13CH4 values, there is no 

supporting evidence presented by AR1 (2020) demonstrating that these gases were originally 

thermogenic shale gases.  Therefore, it is tenuous solely on the Muehlenbachs and Arismendi 

(2019) study to state that shale gas is more 13C-depleted than conventional gas.  In fact, stray gas 

and ground water gases are typically from microbial sources with 13C-depleted 13CH4 values (e.g., 

Jackson et al., 2013; and Botnar et al., 2018; and Kulongoski, et al., 2018).  These results do not 

provide unequivocal evidence that shale gas development is responsible for the increase in 

atmospheric methane emissions over the past decade.   

 

Specific: detailed responses: 

Lines 10-12: The recent paper by Milkov et al. (2020) that compiles over 1,656 global SG samples 

and 12,416 CG samples is considered to be more robust than the 43 selected SG samples used by 

Howarth (2019). This extensive data base by Milkov is now included in the revised Comment 

paper. 

 

Lines 21-24:The Comment by Lewan (2020) should have included the work and conclusions by 

Worden et al. (2017).  The work by Worden et al. (2017) is cited by Lewan (2019) but within the 

context of balancing increases of 28.4 Tg/yr of methane emissions as used in Equation 1 presented 

by Howarth (2019).  Similarly, the failure to cite Turner et al. (2016) was simply an oversight.   

 

Lines 26-31: The comment by Lewan (2019) was intended to gain clarity on gaining an explanation 

as to why the Howarth (2019) did not utilize the Sherwood et al. (2017) database and eliminate the 

entries he did not consider to be shale gas.  Howarth (2019) or AR1 (2020) to evaluate the 13CH4 

shale gas from horizontal wells versus so called conventional gas from vertical wells would have 

provided a great comparison for Howarth (2019) to use in his subject paper to document their 
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claims.  A similar concern arises with Howarth’s (2019) argument that 13CH4 values of shale gas 

are different from migrated conventional gas.   

 

Lewan (2019) consciously did not include the data by Tilley and Muehlenbachs (2013) to ensure 

omission of migrated CG from his data set and only used proper shale gas entries to determine a 

mean value.  Certainly, the use of datasets requires due diligence and scrutiny to ascertain their 

reliability.  If the data selection is flawed, then it is important to determine how this impacts the 

conclusions.  Yes, an investigator does need to go back through a data set to make determinations 

as to whether the 13CH4 values are from shale gas or conventional gas.  And yes, this may require 

going back to the original papers to establish their type.  This is the best practice before 

condemning other large data bases as being unusable.  So, if some of the data in a data set were as 

stated by Howarth (2019) unreliable, then clear examples should be shown how the inclusion of 

these questionable values impact the outcome. 

 

Lines 34-35: Lewan (2019) used the strict definition by Howarth (2019) of shale gas and used the 

term “proper” to emphasize the gases that are produced from shale.  The Bakken gasses associated 

with oil production in the Bakken Shale Formation are actually produced from clastic and 

carbonate reservoirs in the middle of the Bakken Shale Formation and not from the over or 

underlying shale lithologies.  In this case, the gases are migrated and senso stricto not shale gases 

because of their migration according to the definition prescribed by Howarth (2019).  Therefore, 

the oil associated gases in the Bakken should not be included in the mean of shale gas 13CH4 

values.  The AR1 (2020) asserts that Lewan (2019) was mistaken in stating that all of the Bakken 

gas isotope values plotted by Schoell and LeFever (2011) are heavier than -47‰.  As shown in 

Figure 1 from Schoell and Lever (2011), the Bakken gases are heavier than -47‰.  The values 

inserted in this plot are taken from Schoell and Lever (2011) and not from Sherwood et al. (2017) 

as suggested by AR1 (2020).  It should be noted that Figure 1 is from a different article than cited 

by Howarth (2019), i.e., Schoell et al. (2011).  But the plots in this latter paper have the same gases 

with 13CH4 values more 13C-enriched (‘heavier’) than -47.0 ‰.  Thus, the proposed mean for the 

Bakken gases by Howarth (2019) is not possible.  The 13CH4 values in Schoell et al. (2011) are 

also heavier than -47 ‰ with values between -44.97 ‰ and -46.92 ‰ and a mean of -46.0 ‰, 

similar to Figure 1.  Although the difference in the choice of a mean of -47‰ by Howarth (2019) 

is not consequential in the overall atmospheric mass balance, it clarifies the difference in Bakken 

values by Howarth and Lewan in Table 1. 
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Figure 1.  Plot presented by Schoell and LeFever (2011) showing composition and 13CH4 

values for Associated gases produced with oil from the Bakken Shale.   

 

Lines 46 – 59: The AR1 (2020) correctly notes that Botner et al. (2018) obtained their conventional 

and shale gases from production wells, although the actual well data or statistics were not presented 

in the paper.  A personal communication with Botner (April 17, 2020) confirms these two values 

represent single gases collected from a producing SG and CG gas wells in Carroll County and are 

not a statistical mean of several produced gases from the Utica.  As stated by Lewan (2019) and 

Botner et al. (2018), the gas representing the CG is from a residential groundwater well that drilled 

into a conventional gas well.  The SG sample was taken downwind from a shale gas well and 

corrected for atmospheric air.  The thermal maturity of the shales in these two wells is not given, 

but thermal maturity maps indicate that Carroll County (Riley, 2016) straddles a range of thermal 

maturities from oil generation (0.6-0.8 %VRo) through wet gas (0.8-1.0%VRo).  This can have a 

notable effect on the 13CH4 values depending on the specific location of the wells and explain the 

differences in values without invoking oxidation during migration.   

 

AR1 (2020) correctly states that the data set of Burruss and Laughery (2010) does not distinguish 

between shale and conventional gases.  However, Burruss and Laughery (2010) do identify a gas 

produced from the Utica, which is considered a proper shale gas in Table 1 of Lewan (2019).  The 

other gases are collectively grouped in the migrated gas category, but may include some shale 

gases.  The posted Proper Utica shale gas 13CH4 value of -27.0‰ is much heavier than the -47.3‰ 
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used by Howarth (2019).  Milkov et al. (2020) also posted a heavier mean 13CH4 of -31.8‰ for 

the Utica based on 4 samples.  It is worth noting that the total mean reported in Table 1 of Lewan 

(2019) for proper SG does not include any 13CH4 values from Burruss and Laughery (2010) with 

the exception of the one sample produced from the Utica.  Because the Burruss and Laughery 

(2010) data cannot be differentiated as SG or CG, 39 of their samples are classified as migrated 

shale gas in Table 1.   

 

Lines 61-65:  

It remains difficult to understand the rational of AR1 (2020) to represent the 13CH4 for the Barnett 

Shale with atmospheric samples, which are known to be admixed with microbial gas component, 

instead of using the values of Zumberge et al. (2012) obtained from gases produced directly from 

the Barnett Shale.  The relationship between the atmospheric gas samples from Townsend et al. 

(2015) to the produced samples reported by Zumberge et al. (2012) is not established.  AR1 (2020) 

states that the Rodriquez and Philp (2010) data are from horizontal and vertical wells with no 

distinction between the two, which is correct.  However, it is critical to state that these vertical and 

horizontal wells are all producing gas from the Barnett Shale, which makes them shale gas 

regardless of the drilling direction.  It is useful to note that it is convention to denote horizontal 

wells with an upper-case H in the suffix of a well number.  Consequently, 89% of the Zumberge 

et al. (2012) gases or shale gases are from horizontal wells.  The Zumberge et al. (2012) data set 

for the Barnett Shale, using only gases from horizontal wells gives essentially the same statistical 

values as those in Table 1 with a mean 13CH4 of -41.0 ± 2.4 ‰.  Interestingly, the remaining 18 

Barnett Shale gases from vertical wells have a mean 13CH4 of -41.2 ± 3.1 ‰, which is 

indistinguishable from horizontally drilled gases.  Therefore, the values given in Table 1 of Lewan 

(2019) to determine a mean shale gas 13CH4 remain reasonable and representative of shale gas 

from the Barnett Shale, and are isotopically heavier than -46.5‰ used by Howarth (2019).   

 

Shale gas can be produced from both vertical and horizontal wells, in contrast to the positions of 

Howarth (2019) and AR1 (2020).  For example, Devonian shale gas has been produced in New 

York State from vertical unstimulated wells since 1821 (Curtis, 2002).  Fayettville Shale data set 

(Zumberge et al., 2012) has a mean13CH4 of -37.4 ± 5.4 ‰, which is the best mean 13CH4 for 

Fayetteville proper (horizontal wells) gases in Table 1 of Lewan (2020).  This is statistically not 

significantly different than the mean 13CH4 of -38.9 ±1.2 ‰ for the vertical gas wells, or for the 

mean 13CH4 of -38.2 ±1.5 ‰ given in Lewan (2020) Table 1.   

 

AR1 (2020) challenges, but without any supporting information, the use of the mud gas logging 

(MGL) isotope values for the Marcellus Shale (e.g., Baldassare et al., 2014).  MGL is a well-

established, industry technology, (e.g., McKinney et al 2007, Berman et al., 2002, Ellis et al., 1999, 

2003, Stankiewicz, et al., 2007) that strongly supports the inclusion of MGL 13CH4 data, including 

the Marcellus Shale.  The AR1 (2020) argument using Dawson and Murray (2011) does not 

necessarily pertain to shale gas methane.   Although it is an extended abstract, it includes figures 

with plotted data.  Figure 2, shows an excellent one-to-one correlation between 13CH4 values of 

bottom-hole gas, i.e., produced gas, and MGL gas.  Whether these plotted gases are shale gas or 

conventional gas is not pertinent; it does demonstrate that MGL gas signatures accurately reflect 

that of produced gas.   
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Figure 2.  Comparison of δ13CH4 obtained from mud gas samples (isotubes) versus bottom 

hole gas samples (95 samples, from Dawson and Murray, 2011).   

For clarity, Lewan (2019) did not include in the proper mean 13CH4 the gases reported by 

Baldassare et al. (  2014) that have potentially migrated, which is in accordance with the definition 

of SG by Howarth (2019).   

Lines 88-90:  

Howarth (2019) uses a shale gas (SG) mean 13CH4 of -46.9 ‰ and a mean 13CH4 of -44.0 ‰ 

(using a flux weighted 13CH4 atmospheric input of -53.5 ‰ and an isotope difference, DFF-A of 

-9.5 ‰).  Howarth (2019) explains this 2.9 ‰ offset between the SG and CG to be due to methane 

oxidation during migration.  Although this difference deminishes using the more representative 

shale gas (SG) mean 13CH4 of -44 ‰ (e.g., Milkov et al., 2020), the notion of extensive 

methanotrophy for conventional gas presented by Howarth (2019) has its own attendant issues.  

Aerobic (AeOM) and anaerobic (AOM) microbial methane oxidation are both well understood 

mechanisms in natural systems, e.g., Claypool and Kaplan (1974), Martens and Berner (1974), 

Reeburgh (1976), King (1992), Hanson and Hanson (1996), Lindstrom (2006) and Hinrichs and 

Boetius (2002).  It is a pervasive feature in many shallow sediments, soils and water columns.  In 

contrast, extensive methane oxidation in subsurface sedimentary systems, such as proposed by 

Howarth (2019) is essentially undocumented as evidenced by the lack of supporting references in 

the paper.  However, secondary effects that create mixtures in reservoirs are frequently observed.  

This includes the addition of microbial methane or the commingling of abiotic or higher maturity 

methane to the conventional thermogenic gases (e.g., Golding et al., 2013 Hao and Zou, 2013, 

cited in Howarth, 2019).  These additions can shift the natural gas to isotopically 12C-enriched 

(microbial methane) or 13C-enriched values (higher maturity gas, e.g., Stahl and Carey, 1975, 

James, 1983, Faber, 1987, Cramer et al., 1998, Tang et al., 2000).   

 

AeOM and AOM are well studied mechanisms and are associated with predictable kinetic isotope 

effects, such that AeOM and AOM consume 12C1H4 at a greater rate than the heavier isotopologues 
13CH4, 

12C1H3
2H, etc. (e.g., Lebedew et al., 1969, Zyakun et al., 1979, Coleman et al., 1981, 

Whiticar and Faber, 1986, Kinnaman et al., 2007).  The range of 13C enrichment for the residual 
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methane (C) due to methane oxidation based on empirical measurements and incubations is 

around 5 – 10, but ranges up to 31 (e.g., Coleman et al., 1981, Whiticar and Faber, 1986, Alperin 

et al., 1988, Kinnaman et al., 2007, Feisthauer et al., 2011, Penger et al., 2012, Rasigraf et al., 

2012). 

 

Using the classical Rayleigh fractional distillation equation, we can hypothetically calculate for 

the Howarth (2019) paper the fraction of methane in the conventional gas (CG) that must be 

consumed by microbes in order to shift the CG mean 13CH4 from -46.9 ‰ to -44.0 ‰.  Assuming 

typical carbon isotope enrichment factors (C) values of 5 and 10 (Whiticar, 1999), and using the 

initial (o) and final (t) 
13CH4 values of -46.9 ‰ to -44.0 ‰, respectively (from Howarth, 2019), 

in Equation X from Mariotti, et al., 1981: 

 

𝜀𝐶 = 103 ln
10−3𝛿𝑡+1

10−3𝛿𝑜+1
/𝑙𝑛𝑓,     (X) 

 

we can calculate 1-ƒ, i.e., the fraction of methane from conventional gas consumed by AeOM or 

AOM postulated by Howarth (2019) during transport from source rock to reservoir.  The lower C 

value of 5 calculates a 45 % loss and C of 10 is 26 % loss of methane.  In other words, there would 

be extensive losses of CG methane required if microbial oxidation were operative, as suggested 

by Howarth (2019).  This raises the requirement of the sufficient availability of suitable terminal 

electron acceptors to support AeOM or AOM.   

 

Most subsurface oil and gas systems are anaerobic, so dissolved oxygen, nitrate, etc., are very 

restricted for AeOM.  Dissolved sulfate, a possible AOM choice (e.g., Hoehler et al., 1994, Boetius 

et al., 2000, Orphan et al., 2001) is not universally available in the subsurface.  Importantly, the 

result of AOM with sulfate is the formation of H2S.  If 25 – 50 % of natural gas methane is 

consumed by AOM, consistent with the suggestion in Howarth (2019), then we must expect that 

most, if not all, conventional gases must be sour, i.e., contain high proportions of H2S, which they 

do not (e.g., Gong et al., 2014).  Worldwide, roughly 25 – 30 % of wells contain H2S (e.g., Burgers 

et al., 2011).  A high proportion of these H2S -bearing gas fields are the result of thermochemical 

sulfate reduction (TSR) and the thermal decomposition of organic matter (TDOM), i.e., oil, 

bitumen, and kerogen, rather than bacterial sulfate reduction (BSR) associated with methanotrophy 

(e.g., Orr, 1977, Machel et al., 1995, Worden et al., 1995).  TSR and TDOM are higher temperature 

reactions, that are at or above the typical bacterial pasteurization temperature (~80 °C; Larter et 

al., 2006)) for BSR activity. 

 

The persistence of H2S in some CG settings, precludes the argument that quantitative sulfide 

precipitation (e.g., pyrite) could possibly explain for the absence of H2S formed by CG methane 

oxidation.  Furthermore, sulfur products formed from BSR and TSR have long been recognized to 

generally have diagnostically different 34S signatures (Harrison and Thode, 1957, Thode et al., 

1958, Orr, 1974, Krouse et al., 1988, Cai et al., 2010). 

 

The postulate by Howarth (2019) of ubiquitous microbial methane oxidation of conventional gas 

is also difficult to reconcile when the associated changes in gas wetness are considered.  If AOM 

or AeOM remove methane, then the residual higher hydrocarbons (e.g., ethane, propane, butane) 
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become preferentially enriched relative to methane.  This increase in gas ‘wetness’ can be 

represented by the widely used Bernard parameter (Bernard, 1978) as in Eq.  Y. 

 

 CH4/(C2H6 + C3H8)  (mol% basis).       (Y) 

 

It is possible with Eq Z (Whiticar and Faber, 1986) to calculate the expected shift in gas 

composition due to methane oxidation, i.e., shift in the Bernard parameter to wetter values.   

 

𝛼𝐶 =  
𝑙𝑛𝐵𝑡−𝑙𝑛𝐵𝑜

(𝑙𝑛𝐵𝑡−𝑙𝑛𝐵𝑜)+[(𝛿𝑡−𝛿𝑜)/103]
,     (Z) 

 

Taking the Howarth (2019) 13CH4 values for SG (o = -46.9 ‰) and CG (t = -44.0 ‰) and 

reasonable values of C of 5 and 10 (C of 1.005 and 1.010) for carbon isotope fractionation due 

to methane oxidation, and a Bernard Ratio of unaltered shale gas (SG) of 10, the Bernard Ratio of 

the oxidized gas (CG) would shift to 5.6 and 7.5, respectively.  Setting the Bernard Ratio of SG to 

be 20 then the shift for CG would be to 11 and 15, respectively.  Not only are these calculated 

shifts dramatic increases in gas wetness, but are contrary to the 13CH4–Bernard Ratio 

relationships observed for natural gases.  As seen in Figure 3, the predominant trajectory is that 

the natural gases become dryer (higher Bernard Ratio) with increasing 13C-enrichment of 13CH4.  

This trajectory is that expected for gases derived from organic matter at increasingly high maturity 

(e.g., Stahl, 1973, Schoell, 1980, Whiticar, 1994) and not microbial methane oxidation (Figure 3). 
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Figure 3.  Bernard plot of gas wetness versus δ13CH4 of CG and SG from Milkov et al. (2020) 

showing maturation trend and methane oxidation trend. 

 

Furthermore, the hypothesis put forward in Howarth (2019) calling for extensive oxidation of 

methane in conventional natural gas, is inconsistent with the extensive observations of 13CH4 

compared with 13C2H6 and 13C3H8 for thermogenic gases.  The isotope offsets between 13CH4, 

13C2H6 and 13C3H8 have been well established for thermogenic hydrocarbons (e.g., Stahl, 1973, 

James 1983, Faber, 1987, Jenden et al., 1988, Berner and Faber, 1988, 1996, Clayton, 1991, 

Rooney et al., 1995).  These are largely determined by source type and thermal maturity, including 

isotope reversals at high maturity (e.g., Burruss and Laughrey, 2010, Zumberge et al., 2012, Tilley 

and Muehlenbachs, 2013, Cao et al., 2015, Han et al., 2018) and to a lesser extent by secondary 

effects, such as mixing and TSR (e.g., Krouse et al., 1988, Pan et al., 2006, Cai et al., 2010). 
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The AR1 (2020) never addresses the data in Table 1 that is contrary to the migration hypothesis.  

Yes, “proper” refers to gases produced from shales and not gases that have migrated away from 

the generating shale.  The AR1 (2020) never discusses this, which is described in the text (Lines 

76-85).  The mean of 1,502 proper Marcellus gases is -32.4 ± 3.8‰ and the stratigraphically 

highest reservoir collecting migrated gases is -42.1 ± 6.29‰ in the Castkill/Lochaven reservoirs, 

which are contrary to the oxidation migration hypothesis by Howarth (2019) that the migrated 

conventional gases should have isotopically heavier δ13C1 values than the shale gases.   

Lines 121-131: Some clarification is needed here with regards to using the data reported by 

Baldassare et al. (2014) as evidence that the migration oxidation hypothesis is not valid as 

mentioned in the previous paragraph.  In brief, the data set presents δ13CH4 data for gases in rock 

units above the Marcellus.  The Castkill/Lochaven reservoirs are stratigraphically the most distant 

and have a mean of -42.1 ± 6.3‰.  If this gas was entirely sourced from the Marcellus and migrated 

upward from it, then according to the migration hypothesis by Howarth (2019) it should have a 

carbon isotope ratio more 13C-enriched than that measured for the Marcellus shale gas (i.e., -32.4 

± 3.8 ‰), which it does not.  Although, this contradicts the migration hypothesis by Howarth 

(2019), i.e., that conventional gas should be more 13C-enriched than shale gas, the observed isotope 

trend can be explained by microbial gas from ground water input in the shallower reservoirs. 

Baldassare et al. (2014) suggested that less thermally mature gas from the Marcellus could be 

migrating up into the higher stratigraphic units.  Regardless of the cause, these caveats negate any 

evidence for the migration hypothesis proposed by Howarth (2019).   

The repeated notion by AR1 (2020) that the Chinese shale gas δ13CH4 values are not completely 

shale gas and may include some conventional gas is not justified and inappropriately excludes 

these data from the mean value for 13C-enriched δ13CH4 values of shale gas that have been used 

by Howarth (2019).  Feng et al. (2017) clearly state that the gases are from shale gas production 

in the Longmaxi Formation in the Weiyuan and Changing districts of the Sichuan Basin.  

Irrespective of whether these are from vertical or horizontal wells, the gases are produced from 

shale and are unlikely to have experienced any significant migration.  The statement by AR1 

(2020) that there was no commercial shale gas production from the Longmaxi Fm at the writing 

of Howarth (2019) is not pertinent.  However, in the meanwhile, the Longmaxi Fm is being 

produced and the δ13CH4 values of the produced shale gases do not negate the observation that 

these high thermally mature shale gases are, as expected, 13C-enriched, i.e., δ13CH4 = -29.2 ±1.2 

‰) than the δ13
CH4 mean value of -46.9 ± 0.4 ‰ that Howarth (2019) uses in his mathematical 

constructs.  Milkov et al. (2020) reports for 230 Longmaxi Fm shale gas samples a mean δ13CH4 

of -30.3 ‰.  These heavier values are expected for the high thermal maturities of these shales (% 

vitrinite reflectance between 1.85 and 4.2%; Cao et al., 2016) and considerably heavier compared 

to the mean value of Howarth (2019; i.e., δ13CH4 = -46.9‰ ± 0.4).   

Lines 150-152: The conclusion Lewan (2019) reached concerning greater input of biogenic 

methane to the atmosphere than shale gas is a result of simply using the rationale and mathematical 

constructs of Howarth (2019) with a more representative data set for shale gas δ13CH4.  This is 

contrary to Howarth (2019) concluding shale gas is a major contributor of atmospheric methane 

based on an inappropriate and non-representative data set for shale gas δ13CH4 values.  These result 

in substantial differences that need to be noted in addition to the sensitivity of using only δ13CH4 

values alone, as discussed by Turner et al. (2019).   
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Lines 146-151: This comment is redundant from the AR1 (2020)’s early comment about the 

difference being small on a percentage basis.  As responded above for Lines 150-152, these 

differences force a big change in the final analysis of sources of methane emissions.  The AR1 

(2020) also alludes to this in earlier comments.  As previously stated, conclusions by Lewan (2019) 

are based on the same rationale and mathematical constructs as described by Howarth (2019) with 

the only difference being the data set used for shale gas δ13CH4.  Howarth (2019) data set as Lewan 

(2019) has explained in the original comment and this discussion appears to favor choosing 

isotopically light δ13CH4 values for shale gas rather than isotopically heavier values more 

representative of shale gas. 

 

According to the mathematical constructions based on the argument by Howarth (2019), as the 

shale gas δ13CH4 mean becomes more negative the input of shale-gas methane emissions increases 

and as the shale gas δ13CH4 mean becomes more positive its methane emissions from shale gas 

diminishes.  This is shown in Figure 3 where the δ13CH4 of shale gas is changed in the scheme by 

Howarth (2019) to show the resulting emissions from biogenic, conventional gas and shale gas 

using a mass balance for total methane emissions of 28.4 Tg/yr prescribed by Worden et al. (2017; 

Howarth, 2019, equation 2).  At the crossover δ13CH4 value of -47.9 ‰ the shale gas emissions 

will start exceeding the microbial methane emissions.  Figure 4 shows that the mean -46.9 ‰ value 

of Howarth (2019) is close to this point but highly exaggerated compared to Lewan (2019) and 

those shale gas means of Milkov et al. (2020).  The two values from Milkov are interesting in that 

one value of mean δ13CH4 value is just an arithmetic mean of -41.3 ± 0.2‰ for 1,619 samples and 

the other mean of -41.8‰ is a mean weighted by the amount of emissions measured in 2015 from 

main USA shale plays.  The means of Milkov et al. (2020) and Lewan (2019) show the 

inappropriateness of Howarth (2019) data set for shale gas.   
 
Howarth (2019) provides rational and mathematical constructs to evaluate source of methane 

emissions (Figure 4). This contribution would be more valuable if the data set were more 

representative of true shale gas production.  The input 13CH4 values used by Howarth (2019) are 

not representative or appropriate for concluding that shale gas is the major driver for increasing 

atmospheric methane emissions.  Indeed, we conclude that there is overwhelming evidence 

suggesting the main input of Howarth (2019) must be revised.   
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Figure 4.  Plot of the sources of methane emissions from Biogenic, conventional and shale gas 

sources as a result of mean δ13CH4 values used for shale gas according to the rationale and 

mathematical  constructs of Howarth (2019). 

 

Just because Howarth may make a statement about the effects of thermal maturation or the broad 

range of 13CH4 values does not mean he has incorporated these geochemistry concepts in his 

“Ideas and perspectives: is shale gas a major driver in global atmospheric methane”.  The bias in 

Howarth (2019) 13C-depleted 13CH4 values for shale gases is demonstrably incorrect and 

renders the conclusions on global methane emissions from major sources invalid.  Future 

methane-emission studies are needed, and as noted by Lewan and previously by Turner et al. 

(2019) they should not be based solely on δ13CH4 to distinguish methane shale-gas emissions 

from various thermogenic sources of natural gases.  As an example, stable hydrogen isotopes of 

methane (D) are influenced by the D of pore waters associated with organic matter during 

thermogenic generation of natural gas (Dias et al., 2014), and may provide a more definitive 

attribute in identifying related and different types of thermogenic methane sources.   
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