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FE T O NI EROB L WD Uic, oA
W RIGOBALETTEMIC X 5 &, HEWER L & L
Th~ 7 F a4 bIRICIT 4 T OSSR L8k & IC G
DT FAF—AEENR LKV, TR b5,
VI FREA P EETZENE LTRSS D 18 &M THEM
BB, 7R A A NI E E Mo 4 v D
W ERETAEWTHY, BURILELE RS,
DT L, MEMER X OAEY — B OB T A
BEFE LY, RIS T AMEY O ER Y
FTHhotcbFBEzbt, MY EBRREOBSE,D
R5E, KHEECHEE BT A5 48 &0 5
B (80% LA L) D 40 St h HERRNME D iz
2, BARLECAEIT 16580 5 b 1 &4, Wi
TIART16 &M 5 B 2 §:F, AKBIER TIEART 16
FMED 5B 9 5:fF, WIKHERY TR ERH 405D S D
6 %ML, WEMIVBOE/HR LGS0 TE R
ote, KHEHFETIHELEICIL A & VABIKK CE D
RERTZR a2 THY?, BEILHMEDOE R
BEE E FEERDREINTNBE, coZ bix,
JH U7 4 08 e b 84 C o B /K I - HE A SRR IR &

b

LU CHEDERRDE D AR LS+ 5, —F
FKIRIECTR & M EEHERE ) 2 BERE IR & LI REfE T, = h
FRITFREA D ET—9 A1 b DERRIELED
Nz, R AEE L+ HED SIS & - R R TS
TN TH ST, v 7324 P HETZHRMEE LIS
METH -T2,

S8 D ETE R H1F 5 7 16S rRNA # {5 O
PCR EW " A v 3 F v — 2 = vy —fEiTicfi L, &5
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74779 %, R CG (125 BiFl), CL (148 BitFl),
CH (89 [il7l), CM (163 fit%l) LT LIz, 13 F v —
7 v ADFR, Deltaproteobacteria i 7 it 8 5 # v
N—LLTHIEER, ISG, ISL, ISH, ISM 71 75V
T51.7%, 60.0%, 72.19%, 43.8% D@\ AR AR A
RL7T: (K2A), " T% Geobacteraceae Bt 23 & F 3
TR A T, ko 14.1% (ISG) 75 29.1% (ISH)
ihote, TORERE, ru—v o475 ) ISR L
X <—%L T (X2B), Deltaproteobacteria fffl % %f
KL LICRMBIET LY, Bbhizzu—vDizthi
EDNFEALTIESR T & LTI b b Geobacter |,
Pelobacter J&, Desulfovibrio J&, Anaeromyxobacter
B O L WRHBHC S EEIN L Z LAY LT
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N .
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$ Actinobacteria
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A ISL
66.2% (2,864 oTus)

ISG
69.1% (2,987 orus)

ISH
57.9% (2,502 otus)
ISM
74.8% (3,236 otus)

245 (1,845,969 #&25l)

4,324 0TUs

B ISL ISH
78.7% (237 otus) 81.7% (246 otus)
ISG ISM
78.4% (236 otus)

Geobacteraceae® (411,343 &e5)

301 0TUs

67.8% (204 otus)  76.7% (940 otus)

C ISL ISH

78.4% (961 OTUs) 62.7% (767 otus)
ISG ISM

66.7% (817 otus)

ZDidDDeltaproteobacteriafifi (600,048 &z5il)
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720 ZAH D 16S rRNA EInT ek OWEIERT % it L
72 & 2 A, AOGI-5 ¥ 1 Geobacter J& 12, AOP6 1%
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vk, KEEAYEREE Vet 7oy 4 2ETZHE
HRETHERRIVEDR, ThEh Geobacter luticola
(AB682759 ; 98. 1% BLFIAHFIME) @ & 4 v vt
k4% G pickeringii (NR_043576 ; 95.5% M [FH:) it
BTHo?, AOG2HEE AOG3 FkiZ, =27 %21
IR L i+ L B O EE R LIS S,
S BTG e i v R G lovieyi (NR_074979 ;
96.4% M FIME) 0 LM K c kT % G chapelleii
(NR_025982 ; 96.7%M[RH:) © itk TH - 7o AOGS
BRI, ~~ 24 N ERENLHKSEROER B, D
5 h, G pickeringii (NR_026077 ; 94.8% 1 [l 4 ) “©
LEBTH -, AOP6FEIL, T —H 1 F A FE 45
RETHWMERHERY OERE R HE B, Pelobacter

acetylenicus (NR_029238) 7 12 95.5% D ELHIF R %7
L1, b 6 DO Bk, 5702 BB
OKH 8, Sbkhs Wi, AKKRER, R
) &R ARSMMERES (Z—v 1 b, VbR
PAR, ~TRAL, 2SR EAL) X OEERIN
ZEMD, —BeHRIEIC TR Utk 2 IR A N
H I PRI O D R R D THRI CTh > e Z &
DNEEA & It

b Do EER N EAL PR TOBE A EBR A T b 0
DECHWT T B 70, WS 0D EMBAEEE L
Rt L, 8 (D 48k, EFlE R, e
B, 2 v X7 HEROAETENN S 2 — 2 —HBI LT
(K'5), AOGI1 ¥, AOG2 ¥k, AOGS #kixgk (D #Z il
BRI T 5 2 &C, FHO# D BESEAL, B
#£ 10 H W& e (6.84-7.14mM) T7 5 F —i
#EL (K5A), —HT, enbUsto 3 kkx, X
TR WER TG E AR L, 8 (D) OREEE (6.88-
732mM) ICEFET D E T~30 HERBE L7z, HEfkD fi#
EPETCE BT LGRS Y, ThabodFirrEih
HAbF R (BEM : & (] =1:8) wiziE—&%L T
W7o (K5B), i PCR I X % 16S rRNA #{n+f 2
v —DER L Bradford BRI L A4 4 v R 2 HOERY
FEEA ML TT 5 2 & CRIaREIE & % v % 7 B ER
ARl L7 & 2 A, 6 Rk TN TN HAEBFEE) AR
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Geobacter bemidjiensis BemT (AY187307)
Geobacter bremensis Dfr1T (U96917)
Geobacter humireducens (AY187306)
Geobacter uraniireducens Rf4T (EF527427)
Geobacter daltioni FRC-32T (EU660516)

9L Geobacter toluenoxydans TMJ1T (EU711072)
AOG2#k (LC008328)

ﬂ[ Geobacter thiogenes K17 (AF223382)
Geobacter lovleyi SZ' (AY914177)
Geobacter psychrophilus P35T (AY653549)

Geobacter chapellei 1727 (U41561)
Pelobacter propionicus DSM 2379 (NR_074975)
AOG3#k (LC008329)
AOG1#k (LC008327)
Geobacter luticola OSK6™ (AB682759)
Geobacter argillaceus G127 (NR_043575)
31| AOG5# (LC008330)
57 Geobacter pelophilus Dfr2T (U96918)
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426

99

Geobacter pickeringii G13T (DQ145535)
Geobacter sulfurreducens PCAT (NR_075009)
Geobacter hydrogenophilus H-2T (NR_025974)
eobacter grbiciae TACP-2T (AF335183)
Geobacter metallireducens GS-157 (NR_075011)
Pelobacter seleniigenes KM™ (NR_044032)
Pelobacter acidigallici MaGa12T (X77216)
AOP6#E (LC008332)
Pelobacter cabinolicus DSM 2380T (NR_075013)
Pelobacter venetianus Gra PEG 17 (NR_044779)
Pelobacter acetylenicus WoAcy1™ (NR_029238)
Geoalkalibacter subterraneus Red1" (EU182247)
Hydrogenobacter thermophilus TK-6" (Z30214)

0.05

X 4. flFes Rk (AOG1-5 Bk & AOP6 #R) & Zh B DiT#fE o 16S rRNA T 12565 < RHifs, 16S rRNA #inT4&E & @i i
W, RFEENT neighbor-joining B2 L D fERC S Mtze 7— P A b 5 v FflIE 1,000 BIOKEIZ L D EHR, A7 —r8—i% 5%
8% "9, GenBank 7 7 & v v = V&S AIEINPICRT,

L7 (K5C, 5D), AOGI ¥ & AOGS #ki% 2 4 — & —
(1.17-1.22x10* 2 ¥ — /ml) O¥IMERL, FOfo 4 5.
FRiZ 1+ — % — (1.52-6.07x 10 2 ¥ —/ml) DOIEINZ /R
L7z, MfasgsE & 2 v o8 7 BAKIE, AOGA M bk &

BbUIC ~HBREBESKETHENE
HuBk R RIEIR & DRIRAEEAICAIS T~

73 IR /NI

PR TC & MR I IZIERI LTl Z 5 Tuvie, AOG4
PRk, BRRRRBGERICIIL, £ OB —E DR
EEAHR Licy, SBETOBIE I i 15 H B LR
IR 7o 2 v R 7 B S ic, 202 &bz
T b NI 6 RO MK, FEEE L 8k (ID AIE L
LCAEBFTSZ ERTREARRAISETHED TH D,
R HARR S O i s\ TR 5 AT 2 A L T
WA ERHBLCE T, HbEdh, B BEEEO
WMz X 5 T Geobacter J& & Pelobacter J& 1257 FE X
LFH T 6 FEOPGRTLMAEY O 5 BEEEICKII L, &
X, kAR bk A e B MEY 0N B AR EREE R
CASBEICEEEL, FhFha=— 7 fREHESL2H L
T 5HZ EDRSRE I N ®,

B IR T BT s 1 B Pk TR A
<, HEWEIEIETE (JIODP) 25 337 (R WFTL
W [T A R EA S ERE ] WCRRPIEE & LT
Bl LIz, ZHE TIUIE T 2.5 km F TOHEREM
B MM EE L, BB ERM O ET X b
GIRER, IbIx 2 VERNE—ORKE TR 7 0
L ATHHEV MNP EEREh T 5P Zo—
7T, FEHEHE IR CHERILFN T -2 X b e, H5D
HEE OIS T s\ CTEWTEB sk & B b 7
V7R A DEREE T S, R R T
T OB TR T v AD—EiH - T35 2
ERE S RB IR TV 5, FEDOWFIE 7 v — 7 Tl
GRIE DS Te % 15 DY 2 7 HEREA B0 & AR W R R
IV, fE RSk & BER A JLE & L o RIS RERE
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—ffigk (mM)

EfE (mM)

101 -

10°

101 T T T T T T 1

16S rRNAEET (JE—/ml)

£4>)V& (ug mi-1)

1 1 1 1 1 1 1
0 5 10 15 20 25 30 35
BRI (H)

X5 HOREERE (AOG1-5#k & AOP6 #k) DRI s 1)
BN T 2 — 2 — DBk ik EE (A, BEEE
B (B), 16S rRNA #{nT2v—# (C), &x v 7B
BE (D), FERBc, B D LEBE - hn
THEFZEARLE, BFEGAIEEL L V., 62
D HER DA R T 2 — 2 — BRI 5D 5 4 v TR
T, Bl DR OREBIRIER 4R TEY ThDH, T
T — N — % 3 HEBR ORI AR T,

BET->T\b, TOEBEHRREY I L IFv—27 TV R
X ORI STt 5 E b, bk RHRGEE
Bh#HT 52T, 778474 VERBRMIEI R
VRS 5B Firmicutes PN B3 % 2 O GAY
D HEEECEI) Lz, ThboZ bk, WIETFERO
IRSFEIEBR s LR AL gk o E S BB 5 L T

b

HIEBMARETHEDTH D, Fio, b bTEERE
5% L B & uiz Deltaproteobacteria M1 & 3 % $#5%
T D P DB IR -T2 D,
ST Tirkbe b &5t 7 2 45 S vk R b 8k o0 2 TR HE 3 T
LTS ENHEEI NS, B, W T OR %
b#k DWW R Y X 0 BHINCIER T 5 720, #IK2
7 HERERRE A R PC- BRE & RS iR bk A AL,
WIET B #Em I X B C- BRlE OEAL 5 f# s X 08 PC i
D IABDEEERH AR T B, RiSLEER ko0& TT
L HIERIR FIGER OB 0 1k, 122 D13 A O3 L AER]
Rz TuTe\n s, RENOBGR TCHEE Y O BRI 5 BER 2 &
TR HRAE AR, HBERILSA S o0 B BPRHEK & Ok A Al
LT, ZOEHRPPLMCIN T LD LRI D,

#t &

AR O —1%, JSPS BHFE 4% 16H05886 ©
MIEHRTH D, Z CICEHOBEEERT D,

X )

1) Stumm, W. and Sulzberger, B. 1992. The cycling of iron in
natural environments: Considerations based on laboratory stud-
ies of heterogeneous redox processes. Geochim. Cosmochim.
Acta. 56: 3233-3257.

2) Davison, W. 1993. Iron and manganese in lakes. Earth Sci.
Rev. 34: 119-163.

3) Weber, K.A., L.A. Achenbach, and J.D. Coates. 2006.
Microorganisms pumping iron: Anaerobic microbial iron oxi-
dation and reduction. Nat. Rev. Microbiol. 4: 752-764.

4) Borch, T., R. Kretzschmar, A. Kappler, P.V. Cappellen, M.
Ginder-Vogel, A. Voegelin, et al. 2010. Biogeochemical redox
processes and their impact on contaminant dynamics. Environ.
Sci. Technol. 44: 15-23.

5) Lalonde, K., A. Mucci, A. Ouellet, and Y. Gelinas. 2012.
Preservation of organic matter in sediments promoted by iron.
Nature. 483: 198-200.

6) Melton, E.D., E.D. Swanner, S. Behrens, C. Schmidt, and A.
Kappler. 2014. The interplay of microbially mediated and
abiotic reactions in the biogeochemical Fe cycle. Nat. Rev.
Microbiol. 12: 797-808.

7) Yao, H., R. Conrad, R. Wassmann, and H.U. Neue. 1999.
Effect of soil characteristics on sequential reduction and meth-
ane production in sixteen rice paddy soils from China, the
Philippines, and Italy. Biogeochemistry. 47: 269-295.

8) Lovley, D.R., D.E. Holmes, and K.P. Nevin. 2004.
Dissimilatory Fe(III) and Mn(IV) reduction. Adv. Microb.
Physiol. 49: 219-286.

9) Hori, T., A. Muller, Y. Igarashi, R. Conrad, and M.W.
Friedrich. 2010. Identification of iron-reducing microorganisms
in anoxic rice paddy soil by '*C-acetate probing. ISME J. 4:
267-278.

10) Braunschweig, J., J. Bosch, and R.U. Meckenstock. 2013. Iron
oxide nanoparticles in geomicrobiology: From biogeochemistry
to bioremediation. N. Biotechnol. 30: 793-802.

11) Conrad, R. 1996. Soil microorganisms as controllers of at-
mospheric trace gases (H,, CO, CH,, OCS, N,O, and NO).
Microbiol. Rev. 60: 609-640.

12) Yvon-Durocher, G., A.P. Allen, D. Bastviken, R. Conrad, C.
Gudasz, A. St-Pierre, et al. 2014. Methane fluxes show consis-
tent temperature dependence across microbial to ecosystem
scales. Nature. 507: 488-491.

13) Roden, E.E. and M.M. Urrutia. 2002. Influence of biogenic
Fe(II) on bacterial crystalline Fe(III) oxide reduction.
Geomicrobiol. J. 19: 209-251.

14) Cornell, RM. and U. Schwertmann. 2004. The iron oxides.



15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

MRS R TR 4575 2 A R AR T B Ay 0 SRR 3 i i 57

Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA.

Lovley, D.R. and E.J. Phillips. 1986. Availability of ferric iron
for microbial reduction in bottom sediments of the freshwater
tidal potomac river. Appl. Environ. Microbiol. 52: 751-757.
Lovley, D.R. and E.J. Phillips. 1987. Rapid assay for microbi-
ally reducible ferric iron in aquatic sediments. Appl. Environ.
Microbiol. 53: 1536-1540.

Lovley, D.R. and E.J. Phillips. 1988. Novel mode of microbial
energy metabolism: Organic carbon oxidation coupled to dis-
similatory reduction of iron or manganese. Appl. Environ.
Microbiol. 54: 1472-1480.

Qu, D,, S. Ratering, and S. Schnell. 2004. Microbial reduction
of weakly crystalline iron (III) oxides and suppression of meth-
anogenesis in paddy soil. Bull. Environ. Contam. Toxicol. 72:
1172-1181.

Kukkadapu, R.K., J.M. Zachara, J.K. Fredrickson, J.P.
Mckinley, D.W. Kennedy, S.C. Smith, et al. 2006. Reductive
biotransformation of Fe in shale-limestone saprolite contain-
ing Fe(IlI) oxides and Fe(II)/Fe(IIl) phyllosilicates. Geochim.
Cosmochim. Acta. 70: 3662-3676.

Kostka, J.E. and K.H. Nealson. 1995. Dissolution and reduc-
tion of magnetite by bacteria. Environ. Sci. Technol. 29:
2535-2540.

Kostka, J.E., JJW. Stucki, K.H. Nealson, and J. Wu. 1996.
Reduction of structural Fe(IIl) in smectite by a pure culture of
Shewanella putrefaciens strain MR-1. Clays Clay Miner. 44:
522-529.

Fredrickson, J.K., J.M. Zachara, D.W. Kennedy, H. Dong, T.C.
Onstott, N.W. Hinman, et al. 1998. Biogenic iron mineraliza-
tion accompanying the dissimilatory reduction of hydrous fer-
ric oxide by a groundwater bacterium. Geochim. Cosmochim.
Acta. 62: 3239-3257.

Kukkadapu, R.K., J.M. Zachara, S.C. Smith, J.K. Fredrickson,
and C. Liu. 2001. Dissimilatory bacterial reduction of Al-
substituted goethite in subsurface sediments. Geochim.
Cosmochim. Acta. 65: 2913-2924.

Ekstrom, E.B., D.R. Learman, A.S. Madden, and C.M.
Hansel. 2010. Contrasting effects of Al substitution on micro-
bial reduction of Fe(IIl) (hydr)oxides. Geochim. Cosmochim.
Acta. 74: 7086-7099.

van der Zee, C.,, D.R. Roberts, D.G. Rancourt, and C.P.
Slomp. 2003. Nanogoethite is the dominant reactive oxyhy-
droxide phase in lake and marine sediments. Geology. 31:
993-996.

Ding, L.J., J.Q. Su, H.J. Xu, ZJ. Jia, and Y.G. Zhu. 2015.
Long-term nitrogen fertilization of paddy soil shifts iron-
reducing microbial community revealed by RNA-"*C-acetate
probing coupled with pyrosequencing. ISME J. 9: 721-734.
Lentini, C.J., S.D. Wankel, and C.M. Hansel. 2012. Enriched
iron(III)-reducing bacterial communities are shaped by carbon
substrate and iron oxide mineralogy. Front. Microbiol. 3: 404.
Puspita, I.D., Y. Kamagata, M. Tanaka, K. Asano, and C.H.
Nakatsu. 2012. Are uncultivated bacteria really uncultivable?
Microbes Environ. 27: 356-366.

Narihiro, T. and Y. Kamagata. 2013. Cultivating yet-to-be cul-
tivated microbes: The challenge continues. Microbes Environ.
28: 163-165.

Prakash, O., Y. Shouche, K. Jangid, and J.E. Kostka. 2013.
Microbial cultivation and the role of microbial resource cen-
ters in the omics era. Appl. Microbiol. Biotechnol. 97: 51-62.
Lower, S.K., M.F. Jr. Hochella, and T.J. Beveridge. 2001.
Bacterial recognition of mineral surfaces: nanoscale interac-
tions between Shewanella and alpha-FeOOH. Science. 292:
1360-1363.

Rosso, K.M., J.M. Zachara, J.K. Fredrickson, Y.A. Gorby, and
S.C. Smith. 2003. Nonlocal bacterial electron transfer to he-
matite surfaces. Geochim. Cosmochim. Acta. 67: 1081-1087.
Larsen, O. and D. Postma. 2001. Kinetics of reductive bulk
dissolution of lepidocrocite, ferrihydrite, and goethite. Geochim.
Cosmochim. Acta. 65: 1367-1379.

Bonneville, S., T. Behrends, and P. Van Cappellen. 2009.
Solubility and dissimilatory reduction kinetics of iron(III) oxy-
hydroxides: A linear free energy relationship. Geochim.

35)

36)

37)

38

~

39)

40)

41)

42)

43)

44)

45)

46

=

47)

48)

49

~

50)

51)

Cosmochim. Acta. 73: 5273-5282.

Bonneville, S., P. Van Cappellen, and T. Behrends. 2004.
Microbial reduction of iron(III) oxyhydroxides: Effects of min-
eral solubility and availability. Chem. Geol. 212: 255-268.

Li, X, T. Liu, F. Li, W. Zhang, S. Zhou, and Y. Li. 2012.
Reduction of structural Fe(III) in oxyhydroxides by Shewanella
decolorationis S12 and characterization of the surface proper-
ties of iron minerals. J. Soils Sediments. 12: 217-227.

Kato, S., K. Hashimoto, and K. Watanabe. 2012. Microbial
interspecies electron transfer via electric currents through con-
ductive minerals. Proc. Natl. Acad. Sci. U.S.A. 109: 10042—
10046.

Kato, S., R. Nakamura, F. Kai, K. Watanabe, and K.
Hashimoto. 2010. Respiratory interactions of soil bacteria with
(semi) conductive iron-oxide minerals. Environ. Microbiol. 12:
3114-3123.

Bale, S.J., K. Goodman, P.A. Rochelle, J.R. Marchesi, J.C.
Fry, A.J. Weightman, et al. 1997. Desulfovibrio profundus sp.
nov., a novel barophilic sulfate-reducing bacterium from deep
sediment layers in the Japan Sea. Int. J. Syst. Bacteriol. 47:
515-521.

He, Q. and R.A. Sanford. 2003. Characterization of Fe(III)
reduction by chlororespiring Anaeromyxobacter dehalogenans.
Appl. Environ. Microbiol. 69: 2712-2718.

Lovley, D.R., T. Ueki, T. Zhang, N.S. Malvankar, P.M.
Shrestha, K.A. Flanagan, et al. 2011. Geobacter: the microbe
electric’s physiology, ecology, and practical applications. Adv.
Microb. Physiol. 59: 1-100.

Viulu, S., K. Nakamura, Y. Okada, S. Saitou, and K.
Takamizawa. 2013. Geobacter luticola sp. nov., an Fe(IIl)-
reducing bacterium isolated from lotus field mud. Int. J. Syst.
Evol. Microbiol. 63: 442-448.

Shelobolina, E.S., K.P. Nevin, J.D. Blakeney-Hayward, C.V.
Johnsen, T.W. Plaia, P. Krader, et al. 2007. Geobacter
pickeringii sp. nov., Geobacter argillaceus sp. nov. and
Pelosinus fermentans gen. nov., sp. nov., isolated from sub-
surface kaolin lenses. Int. J. Syst. Evol. Microbiol. 57: 126-135.
Sung, Y., K.E. Fletcher, K.M. Ritalahti, R.P. Apkarian, N.
Ramos-Hernandez, R.A. Sanford, et al. 2006. Geobacter lovieyi
sp. nov. strain SZ, a novel metal-reducing and tetrachloroethene-
dechlorinating bacterium. Appl. Environ. Microbiol. 72: 2775—
2782.

Coates, J.D., E.J. Phillips, D.J. Lonergan, H. Jenter, and D.R.
Lovley. 1996. Isolation of Geobacter species from diverse sedi-
mentary environments. Appl. Environ. Microbiol. 62: 1531—
1536.

Straub, K.L., M. Hanzlik, and B.E. Buchholz-Cleven. 1998.
The use of biologically produced ferrihydrite for the isolation
of novel iron-reducing bacteria. Syst. Appl. Microbiol. 21:
442-449.

Evers, S., M. Weizenegger, W. Ludwig, B. Schink, and K.-H.
Schleifer. 1993. The phylogenetic positions of Pelobacter
acetylenicus and Pelobacter propionicus. Syst. Appl. Microbiol.
16: 216-218.

Hori, T., T. Aoyagi, H. Itoh, T. Narihiro, A. Oikawa, K.
Suzuki, et al. 2015. Isolation of microorganisms involved in re-
duction of crystalline iron(III) oxides in natural environments.
Front. Microbiol. 6: 386.

Inagaki, F., K.-U. Hinrichs, Y. Kubo, M.W. Bowles, V.B.
Heuer, W.-L. Hong, et al. 2015. Exploring deep microbial life
in coal-bearing sediment down to ~2.5 km below the ocean
floor. Science. 349: 420-424.

Trembath-Reichert, E., Y. Morono, A. Ijiri, T. Hoshino, K.S.
Dawson, F. Inagaki, et al. 2017. Methyl-compound use and
slow growth characterize microbial life in 2-km-deep subsea-
floor coal and shale beds. Proc. Natl. Acad. Sci. U.S.A. 114:
E9206-E9215.

Phillips, S.C., J.E. Johnson, W.C. Clyde, J.B. Setera, D.P.
Maxbauer, S. Severmann, et al. 2017. Rock magnetic and geo-
chemical evidence for authigenic magnetite formation via iron
reduction in coal-bearing sediments offshore Shimokita
Peninsula, Japan (IODP Site C0020). Geochem. Geophys.
Geosyst. 18: 2076-2098.



