
1.0-1.9

2.0-2.9

3.0-3.9

4.0-4.9

>5.0

Upper Devonian
Organic-Rich Shale

CAI Map

hcrA niuqnoglA

hcr
A yaldniF

tnorF ynehgell
A

egdi
R dna yellaV

Adirondack
Uplift

hcr
A itannicni

C

380

400

420

440

740
760780800820840

380

400

420

440

740760780800820840

N

860

860

100 km

no
ru

H 
ek

aL

eirE ekaL

Lake Ontario

MI

OH

KY WV

PA
NY

ON

1)

Antrim and 
New Albany
Shale Biogenic Gas 

Antrim and 
New Albany Shale 
Thermogenic Gas 

1

10

100

1000

10000

100000

-80 -70 -60 -50 -40 -30 -20

C 1
/
[C

2
+
C 3
]

δ13CCH4( ‰)

Biogenic

Thermogenic

-12

-10

-8

-6

-4

-2

0

0 1000 2000 3000 4000 5000

δ1
8 O

H
2
O
(‰

,V
SM

O
W
)

Cl (mM)

Sandstones and Shales 
(Devonian)

The carbon isotope values of 
DIC and alkalinity concentrations 
suggest that sulfate reduction 
may be dominant at shallow
depth, while microbial
methanogenesis is important 
at depth in select locations.

Bedrock Drinking 
Water Wells
(Devonian)

Range in modern precipitation

dilution of Devonian Shale
brines by recharge waters
different than modern
meteoric waters.

Combined, the water analyses
and gas isotope results 
indicate that microbial
methane is present at the
shallow Appalachian Basin
margin.  However, the majority
of methane is generated by 
thermogenic processes.  
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Hydrogeochemistry of shallow gas accumulations in fractured Devonian black shales

Antrim and New Albany shale
biogenic gas wells

Appalachian Basin

Summary of major results:

Chemical and isotope
analyses of coproduced 
natural gas and formation 
waters from Devonian-age 
organic-rich shales across 
the northern margin of the
Appalachian Basin indicate
that the majority of methane
is thermogenic in origin.

High δ13C-DIC values (up to
30 per mil) with relatively low
alkalinities (<10 meq/kg) 
suggest  limited microbial 
methane generation at the 
basin margin.

Shale brines were diluted by
freshwater recharge with an
isotopic composition similar
to modern precipitation.


