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S1. Supplementary 16S rRNA gene sequencing30

Two 1L autoclaved glass bottles were filled with drill foam/fluid that had surfaced after subsurface31

circulation during drilling of BA1A in 2017. The drilling foam and fluid was filtered through 0.22µm32

polycarbonate filters at Colorado School of Mines. The drill foam/fluid samples totaled 1.5L in volume33

and were split into two replicates, resulting in 0.75L of foam/fluid filtered for each replicate. Nucleic acids34

concentrated onto the filters were extracted, amplified, and sequenced as described by Kraus et al. (2018).35

The drill foam/fluid samples (Figure S8) show very little taxonomic overlap with the fluids samples with36

packers (Main Text Figure 5).37

In addition, a cell size fractionation experiment was performed for biomass filtering of BA1A in 2018.38

The sequential in-line filter housings described in the main text correspond to the three white cylinders near39

the bottom of Figure S2. Main Text Figure 5 shows the results of sequencing 0.22µm pore-diameter filters40

only. Results of sequencing filters of all pore diameters are reported in (Figure S7).41

S2. Tables42

Table S1: Mixing extents based on Si, after Leong et al. (2020).

Sample ID
∑

Si/
[
µmol · L−1

]
Mixing extent / [% of Mg2+ −HCO−

3 water]

BA1A_2018_55-66 1.97× 102 65

BA1A_2018_100-400 4.49× 101 15

BA1A_2019_0-30 3.33× 102 110a

BA1A_2019_41-65 1.56× 102 51

BA1A_2019_108-132 2.13× 101 7.0

BA1D_2019_45-75 8.51 2.8

BA1D_2019_102-132 5.88 1.9

aBA1A_2019_0-30 has a calculated mixing extent > 100% we performed these calculations using the same

Mg2+ −HCO−
3 end member as Leong et al. (2020), which had a c∑ Si of 303µmol · kg. This sample should

be considered representative of a typical Mg2+ −HCO−
3 water.
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S3. Figures43

BA1D BA1A

BA1C

BA1B

120 m

Figure S1: Packer installation at BA1D, January, 2019. The orange tripod, installed at BA1D in the photo, was used to

suspend the packer assembly down hole. The wellhead of BA1A can be seen 15m to the right of BA1D in the photo. The third

rotary well at the BA1 site, BA1C, which collapsed shortly after drilling, is pictured in the background. The cored borehole,

BA1B, is 120m to the northwest, to the left of the frame.
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Flow meter

Flow-splitting

Manifold

Pipe string outlet

Figure S2: Fluid pumping and sampling at BA1A, February, 2019. Labeled arrows indicate the top of the pipe string, from

which the pumped water flowed, the flow meter used for hydrologic pump tests, and the flow-splitting manifold used for fluid

and biomass sampling.
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Figure S3: Plot of ratio of methane (C1) to the sum of ethane (C2) and propane (C3) vs. δ13CCH4 . Only analyses for which

C2 was above limit of quantitation are plotted. If C3 was below limit of quantitation, its contribution to C1/ (C2 + C3) was

assumed to be negligible, and therefore C1/C2 is plotted. Shaded fields of typical gas origin after Milkov and Etiope (2018).

Contextual data from Samail Ophiolite from Nothaft et al., 2020; Etiope et al., 2015; Vacquand et al., 2018. Abbreviations:

PM, primary microbial; SM, secondary microbial; T, thermogenic; A, abiotic.
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Figure S4: Plot of Oman groundwater stable isotopic compositions. Samples from 2012 were reported in Paukert Vankeuren

et al. (2019). Samples from 2014 reported in Miller et al. (2016). Samples from 2018 (apart from BA1A) reported in Nothaft

et al. (2020) Abbreviations: LMWL-N and LMWL-S, Oman local meteoric water lines derived from northern and southern

sources, respectively (Weyhenmeyer et al., 2002); GMWL, global meteoric water line (Terzer et al., 2013).
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Figure S5: SO2−
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2018; Nothaft et al., 2020.
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Figure S6: 16S rRNA gene read relative abundances of DNA extracted from filter-concentrated groundwaters from BA1A and

BA1D affiliated with CH4-cycling taxa. Read relative abundances are reported as percentages rounded to the ones place. Cases

when a taxon was detected in a sample and was < 1% read relative abundance after rounding are labeled “< 1”. Cases when

no reads of a taxon were detected in a sample, but when that taxon was detected in 16S gene reads of other Oman samples

obtained during the same sampling year, are labeled “n.r.” Cases when no reads were detected in any Oman sample within the

data set of a given year are blank.”

7



Nothaft et al. Journal of Geophysical Research: Biogeosciences

n.r.

n.r.

n.r.

<
1

n.r.

n.r.

3<
11 1n.r.

<
1

<
1 1 80

n.r.

1 11 n.r.

1 <
1

n.r.

n.r.

n.r.

<
1 22<
12 33

n.r.

<
11 3 9<
1 1 41 <
1

<
1

<
1

<
1

n.r.

n.r.

n.r.

26<
12 25

n.r.

n.r.

1 5 11<
1 2 11 n.r.

11
21

26

3 231 22 52n.r.

173 51 <
1 262 <
1 4<
1 4

2 321 22 52n.r.

201 21 <
1 321 <
1 4<
1 6

1 312 1<
1 71n.r.

21<
1

<
11 <
1 441 1 21 1

17
13

11

100−
400

55−
66

0.10
0.22

0.45
0.10

0.22
0.45

O
ther taxa

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__B

urkholderiales; f__H
ydrogenophilaceae; g__T

hiobacillus; s__thioparus

k__B
acteria; p__C

yanobacteria; c__V
am

pirivibrionia; o__C
aenarcaniphilales; f__N

A
; g__N

A
; s__N

A

k__B
acteria; p__P

atescibacteria; c__P
arcubacteria; o__C

andidatus_Jorgensenbacteria; f__N
A

; g__N
A

; s__N
A

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__B

urkholderiales; f__R
hodocyclaceae; g__M

ethyloversatilis; s__N
A

k__B
acteria; p__P

roteobacteria; c__A
lphaproteobacteria; o__S

phingom
onadales; f__S

phingom
onadaceae; g__S

phingopyxis; s__N
A

k__B
acteria; p__B

acteroidota; c__Ignavibacteria; o__Ignavibacteriales; f__S
R

−
F

B
R

−
L83; g__N

A
; s__N

A

k__B
acteria; p__N

itrospirota; c__N
itrospiria; o__N

itrospirales; f__N
itrospiraceae; g__N

itrospira; s__inopinata

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__P

seudom
onadales; f__P

seudom
onadaceae; g__P

seudom
onas; s__N

A

k__A
rchaea; p__N

anoarchaeota; c__N
anoarchaeia; o__W

oesearchaeales; f__G
W

2011_G
W

C
1_47_15; g__N

A
; s__N

A

k__B
acteria; p__C

hloroflexi; c__P
2−

11E
; o__N

A
; f__N

A
; g__N

A
; s__N

A

k__B
acteria; p__N

A
; c__N

A
; o__N

A
; f__N

A
; g__N

A
; s__N

A

k__B
acteria; p__P

atescibacteria; c__P
arcubacteria; o__N

A
; f__N

A
; g__N

A
; s__N

A

k__A
rchaea; p__C

renarchaeota; c__N
itrososphaeria; o__N

itrosopum
ilales; f__N

itrosopum
ilaceae; g__C

andidatus_N
itrosotenuis; s__N

A

k__A
rchaea; p__C

renarchaeota; c__N
itrososphaeria; o__N

itrososphaerales; f__N
itrososphaeraceae; g__C

andidatus_N
itrososphaera; s__N

A

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__B

urkholderiales; f__C
om

am
onadaceae; g__A

zohydrom
onas; s__N

A

k__B
acteria; p__V

errucom
icrobiota; c__V

errucom
icrobiae; o__O

pitutales; f__O
pitutaceae; g__Lacunisphaera; s__N

A

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__N

A
; f__N

A
; g__N

A
; s__N

A

k__B
acteria; p__D

einococcota; c__D
einococci; o__T

herm
ales; f__T

herm
aceae; g__M

eiotherm
us; s__N

A

k__B
acteria; p__N

itrospirota; c__T
herm

odesulfovibrionia; o__N
A

; f__N
A

; g__N
A

; s__N
A

k__B
acteria; p__P

roteobacteria; c__G
am

m
aproteobacteria; o__B

urkholderiales; f__C
om

am
onadaceae; g__B

rachym
onas; s__N

A

F
ilter pore diam

eter / [µm
] grouped by

depth of sam
pling interval / [m

] 

Deepest taxonomic assignment

0
20

40
60

80

R
ead relative

abundance / [%
]

F
igure

S7:
16S

rR
N
A

gene
read

relative
abundances

of
20

m
ost

abundant
taxonom

ic
assignm

ents
in

D
N
A

extracted
from

groundw
aters

from
w
hich

biom
ass

w
as

concentrated
using

inline
filters

of
sequentially

decreasing
pore

diam
eters

from
w
ell

B
A
1A

in
2018.

R
ead

relative
abundances

are
reported

as
percentages

rounded
to

the
ones

place.
C
ases

w
hen

a
taxon

w
as

detected
in

a
sam

ple
and

w
as
<

1
%

read
relative

abundance
after

rounding
are

labeled
“<

1”.
C
ases

w
hen

no
reads

of
a
taxon

w
ere

detected
in

a
sam

ple,but
w
hen

that
taxon

w
as

detected
in

16S
gene

reads
of

other
O
m
an

sam
ples

obtained
during

the
sam

e
sam

pling
year,are

labeled
“n.r.”

C
ases

w
hen

no
reads

w
ere

detected
in

any
O
m
an

sam
ple

w
ithin

the
data

set
of

a
given

year
are

blank.”

8



Nothaft et al. Journal of Geophysical Research: Biogeosciences

1116 29 2 n.
r.

n.
r.1 123 16 <
14 5 239 1

n.
r.

n.
r.

20 46 1 n.
r.

n.
r.1 235 13 <
16 3 n.
r.

41 <
1

4
3

n.
r.118 133 11 1 1<
1

n.
r.

n.
r.3 124 22 <
1

n.
r.1 <
1

n.
r.420 319 8 1 n.
r.4 n.
r.

n.
r.

14 217 13 n.
r.

n.
r.3 <
1

2
2

D
N

A
R

N
A

O
th

er
 ta

xa

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

R
hi

zo
bi

al
es

; f
__

B
ei

je
rin

ck
ia

ce
ae

; g
__

C
he

la
to

co
cc

us
; s

__
ca

en
i

k_
_B

ac
te

ria
; p

__
A

ct
in

ob
ac

te
rio

ta
; c

__
A

ct
in

ob
ac

te
ria

; o
__

M
ic

ro
co

cc
al

es
; f

__
P

ro
m

ic
ro

m
on

os
po

ra
ce

ae
; g

__
Is

op
te

ric
ol

a;
 s

__
N

A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

C
au

lo
ba

ct
er

al
es

; f
__

N
A

; g
__

N
A

; s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

X
an

th
om

on
ad

al
es

; f
__

X
an

th
om

on
ad

ac
ea

e;
 g

__
V

ul
ca

ni
ib

ac
te

riu
m

; s
__

th
er

m
op

hi
lu

m

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

P
se

ud
om

on
ad

al
es

; f
__

P
se

ud
om

on
ad

ac
ea

e;
 g

__
P

se
ud

om
on

as
; s

__
al

ca
lig

en
es

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

B
ur

kh
ol

de
ria

le
s;

 f_
_C

om
am

on
ad

ac
ea

e;
 g

__
S

ch
le

ge
le

lla
; s

__
N

A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

S
ph

in
go

m
on

ad
al

es
; f

__
S

ph
in

go
m

on
ad

ac
ea

e;
 g

__
B

la
st

om
on

as
; s

__
N

A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

S
ph

in
go

m
on

ad
al

es
; f

__
S

ph
in

go
m

on
ad

ac
ea

e;
 g

__
P

or
ph

yr
ob

ac
te

r;
 s

__
N

A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

B
ur

kh
ol

de
ria

le
s;

 f_
_B

ur
kh

ol
de

ria
ce

ae
; g

__
C

up
ria

vi
du

s;
 s

__
gi

la
rd

ii

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

A
ce

to
ba

ct
er

al
es

; f
__

A
ce

to
ba

ct
er

ac
ea

e;
 g

__
R

os
eo

m
on

as
; s

__
eb

ur
ne

a

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

R
hi

zo
bi

al
es

; f
__

R
hi

zo
bi

ac
ea

e;
 g

__
A

llo
rh

iz
ob

iu
m

−
N

eo
rh

iz
ob

iu
m

−
P

ar
ar

hi
zo

bi
um

−
R

hi
zo

bi
um

; s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

P
se

ud
om

on
ad

al
es

; f
__

M
or

ax
el

la
ce

ae
; g

__
A

ci
ne

to
ba

ct
er

; s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

C
au

lo
ba

ct
er

al
es

; f
__

C
au

lo
ba

ct
er

ac
ea

e;
 g

__
B

re
vu

nd
im

on
as

; s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

B
ur

kh
ol

de
ria

le
s;

 f_
_R

ho
do

cy
cl

ac
ea

e;
 g

__
M

et
hy

lo
ve

rs
at

ili
s;

 s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

C
au

lo
ba

ct
er

al
es

; f
__

C
au

lo
ba

ct
er

ac
ea

e;
 g

__
P

he
ny

lo
ba

ct
er

iu
m

; s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

S
ph

in
go

m
on

ad
al

es
; f

__
S

ph
in

go
m

on
ad

ac
ea

e;
 g

__
S

ph
in

go
py

xi
s;

 s
__

N
A

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

B
ur

kh
ol

de
ria

le
s;

 f_
_C

om
am

on
ad

ac
ea

e;
 g

__
S

ch
le

ge
le

lla
; s

__
aq

ua
tic

a

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

C
au

lo
ba

ct
er

al
es

; f
__

C
au

lo
ba

ct
er

ac
ea

e;
 g

__
P

he
ny

lo
ba

ct
er

iu
m

; s
__

ko
re

en
se

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

A
lp

ha
pr

ot
eo

ba
ct

er
ia

; o
__

C
au

lo
ba

ct
er

al
es

; f
__

C
au

lo
ba

ct
er

ac
ea

e;
 g

__
B

re
vu

nd
im

on
as

; s
__

ba
ln

ea
ris

k_
_B

ac
te

ria
; p

__
P

ro
te

ob
ac

te
ria

; c
__

G
am

m
ap

ro
te

ob
ac

te
ria

; o
__

P
se

ud
om

on
ad

al
es

; f
__

P
se

ud
om

on
ad

ac
ea

e;
 g

__
P

se
ud

om
on

as
; s

__
N

A

R
ep

lic
at

e 
gr

ou
pe

d 
by

 n
uc

le
ic

 a
ci

d

Deepest taxonomic assignment

0
10

20
30

40

R
ea

d 
re

la
tiv

e
ab

un
da

nc
e 

/ [
%

]

F
ig
ur
e
S8

:
16
S
rR

N
A

ge
ne

re
ad

re
la
ti
ve

ab
un

da
nc
es

in
of

20
m
os
t
ab

un
da

nt
ta
xo

no
m
ic

as
si
gn

m
en
ts

in
D
N
A

an
d
cD

N
A

(f
ro
m

R
N
A
)
(K

ra
us

et
al
.,
20

18
)
ex
tr
ac
te
d
fr
om

dr
ill

fo
am

/
flu

id
effl

ue
nt

fr
om

B
A
1A

,
ac
qu

ir
ed

du
ri
ng

dr
ill
in
g
in

20
17
.
R
ea
d
re
la
ti
ve

ab
un

da
nc
es

ar
e
re
po

rt
ed

as
pe

rc
en
ta
ge
s
ro
un

de
d
to

th
e
on

es
pl
ac
e.

C
as
es

w
he
n
a

ta
xo

n
w
as

de
te
ct
ed

in
a
sa
m
pl
e
an

d
w
as
<

1
%

re
ad

re
la
ti
ve

ab
un

da
nc
e
af
te
r
ro
un

di
ng

ar
e
la
be

le
d
“<

1
”.

C
as
es

w
he
n
no

re
ad

s
of

a
ta
xo

n
w
er
e
de
te
ct
ed

in
a
sa
m
pl
e,

bu
t

w
he
n
th
at

ta
xo

n
w
as

de
te
ct
ed

in
16
S
ge
ne

re
ad

s
of

ot
he
r
O
m
an

sa
m
pl
es

ob
ta
in
ed

du
ri
ng

th
e
sa
m
e
sa
m
pl
in
g
ye
ar
,
ar
e
la
be

le
d
“n
.r
.”

C
as
es

w
he
n
no

re
ad

s
w
er
e
de
te
ct
ed

in
an

y
O
m
an

sa
m
pl
e
w
it
hi
n
th
e
da

ta
se
t
of

a
gi
ve
n
ye
ar

ar
e
bl
an

k.

9



Nothaft et al. Journal of Geophysical Research: Biogeosciences

<1
n.r.

n.r.

n.r.

<1

n.r.

1

n.r.

n.r.
n.r.

<1

n.r.

1

n.r.

1

n.r.

n.r.
<1

<1

<1

2

n.r.

2

n.r.

n.r.
n.r.

<1

n.r.

n.r.

n.r.

<1

n.r.

n.r.
n.r.

<1

n.r.

n.r.

n.r.

<1

<1

n.r.
n.r.

<1

n.r.

n.r.

n.r.

1

n.r.
<1
<1

<1
<1

<1
n.r.

n.r.
n.r.

n.r.
n.r.

<1
n.r.

n.r.
n.r.

n.r.
n.r.

n.r.
n.r.

n.r.
n.r.

2018 BA1A 2019 BA1A 2019 BA1D

100−400 
0.10

100−400 
0.22

100−400 
0.45

55−66 
0.10

55−66 
0.22

55−66 
0.45

0−30 
0.22

108−132 
0.22

41−65 
0.22

102−132 
0.22

45−75 
0.22

f__Rhodocyclaceae; g__Dechloromonas; s__agitata

f__Burkholderiaceae; g__Cupriavidus; s__NA

f__Burkholderiaceae; g__Cupriavidus; s__gilardii

f__Rhodocyclaceae; g__Denitratisoma; s__NA

f__Rhodocyclaceae; g__NA; s__NA

f__Rhodocyclaceae; g__Azospira; s__oryzae

f__Rhodocyclaceae; g__Dechlorosoma; s__NA

f__Rhodocyclaceae; g__Methyloversatilis; s__NA

Depth of sampling interval / [m] and filter pore diameter / [µm]
grouped by year of sampling and well name

Ta
xo

no
m

ic
 a

ss
ig

nm
en

t,
fa

m
ily

 a
nd

 d
ee

pe
r

Figure S9: 16S rRNA gene read relative abundances of DNA extracted from filter-concentrated groundwaters from BA1A and

BA1D affiliated with S-oxidizing taxa noted by Rempfert et al. (2017) (presented at family level and deeper). Read relative

abundances are reported as percentages rounded to the ones place. Cases when a taxon was detected in a sample and was

< 1% read relative abundance after rounding are labeled “< 1”. Cases when no reads of a taxon were detected in a sample, but

when that taxon was detected in 16S gene reads of other Oman samples obtained during the same sampling year, are labeled

“n.r.” Cases when no reads were detected in any Oman sample within the data set of a given year are blank.”
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