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Recent studies estimate that a half of living carbon in the earth may exist in subsurface environment. Deep subsurface
microbial communities have recently received increased attention. There are strong but circumstantial indications of microbial
life widespread at depth in the crust of the Earth. This communication presents preliminary information about the subsurface
bacterial abundance. Abundances of total and selected bacteria in the interstitial water of granite and sedimentary rocks up to 1000
m deep were determined. Maximum abundance of 10°~10° cells/ml was observed in the granite and sedimentary rock waters,
respectively. Iron-oxidizing/reducing bacteria were detected at depths having specific pH and oxidation/reduction potential (Eh).
Those pH and Eh regimes were corresponding to the Fe?*/Fe(OH); or FeS,/Fe?, FeS,/FeCO, interface conditions. It is implied
that these bacteria are involved in geochemical processes such as precipitation, dissolution and cycling of sulfur, iron, and related

elements.
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IS ORBIORIIL, 1980 FRH 5 KE LRI F—
Bie ENHEE U 7B BT OBFSE[3,4]° B RS E SR 51
BIC X BIBEH T OFR[SRETHB. Ihs DL
5, #F 1000 m BROXREF/KE D X UHTFH 300 m
DHBELDOHEEEBICB T A2MENOBEENREINT
Wa[6,7]. £k, BERBITZERHHETIE, BAS
Ko T BIBFGEMEIC B 2 EE 500 m TOMEY
DEEPBESNTH O8], M TFOWMEHOEENER
mENTW5.
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Table 1 Abundance (cells) and biomass (gC) of bacteria in
various habitats. [2]

EiEYOMmbg BREVONM A TR ik tosEZE

(x10%8cells )  (X1015gC) MDA A RIC
we BEIE(%)
KB 12 2.2 0.6 (0.4) *
BET 355 303 85.8 (55.5)
+iE 26 26 7.4 (4.8)
BE T 25~250 22~215 6.2 (39.4)
&gt 415~640 353~546 100 (100.1)
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4H, + H,SO, — 4H,0 + H,S
CH,COOH + H,SO, — H,S +2C0, + 2H,0

(BRER)
2CH;CHOHCOOH + 3H,S0, — 3H,S + 6H,0 + 6C0,

0]
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1/12CH ;04 + NO; — NO, + 1/2C0, + 1/2H,0
1/8C¢H,,05 + NO,” —1/2N, + 3/4CO, + 1/4H,0 + OH'

BE - EACELTWS &, HMTRE LERIT B
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T, BHICRERTTEZANE, MEVIXNENTH 4
~5 km, BETH 8 km ETEFTURETHS. —F, #H
TEALRRIEZ~400 KFEAD THBEZELIONS. &
HMOEGDOEE EREMIEFTHS A TITR N, BE
BEIMENODERIT ST VEENRNWESTH S, L
o T, MTEYENEEL S 2E@HITHTOND
BCETES>TWABDEEZ 5N B[12)

3 HRMEICHET S THMEDRE

SE, BASEBEY 1 7V EREE (R8REEE)
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(BE - NEMLRE) TERANTETHS. SEkEB S
120 To DI, BB O T IAE A I & 1= R DHLS
(BREE : ~840 m)B K DHERRS 1T M & 172 BASETL TH-6 (&
E:~1775m)TH D (Fig2). ks 0E#E, pO3 &
LT RTHERETH D, TH-6 BILPEREERES X
ETHAMBARE (RE 104 m ), TREDE~ MRS :
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ETBHLEKREREEHE EE 2 oltd), BREE<
EUREREEFETLHTHRKEETHRE (FE13m
Hixg), LIRTERE GRE 1775 m #5) &725 T3 (Figd).
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Fig.1 Schema of gronndwater collection by the MP system at the DH-3 borehole in the Tono area, p
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Fig.2 Sampling sites in the Tono area, Japan
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Fig.3 Cross section of sampling sites in the Tono area, Japan.
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Fig.4 Bacterial abundance in the granite groundwater

samples collected at the DH-3 borehole in the Tono area,
Japan

Fig.5 SEM image of the bacteria collected from the 840m
deep granite groundwater at the DH-3 borehole
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Fig.6 Amounts of iron-oxidizing/reducing bacteria and
sulfate-reducing bacteria in the granite groundwater
samples collected at the DH-3 borehole. They were
presented in association with the total bacterial counts (the
same as shown in Fig.3).
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DH-3 fLO# T/KIC BT 2 ki b BTl B & O
BRABEOHFEICDWT, KEHSREFY b (5%
BART, #7 % HACH #%) 2 HW-RH2T-7k. 20
RER, FEREOH T AT, S BTHE, HE
TENFET 2 ZENbnhole Figs). LL, BEEK
SO THEMHERIIRZ > TWi., WA, &8k
BICHEICEAL TWARE, ZONZ 51 71 130~330 m,
600~880 m DEETE—V ERLTWE (Fig7). BE
180~330 m TIIBALEITTENL Eh) 1% 0~-16 mV, pH7.8
~82THY, BE 650~880 m T Eh i2-260~-370 mV,
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Fig.7 Fe-phase diagram in the pH-Eh regime simulating a presumed subsurface condition (left). maxima of the iron-
oxidizing/ reducing bacterial counts (right) were found at the depths correspondeng to the Fe-phase boundaries (eft).
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pH9.0~9.5 EWSPIERRNHD. £, INSOHEE
BENTNHROEEEOB(LEILRER (Pt /Fe(OH), X7z
I FeS,Fe**, FeS,FeCOy (Y L TWIZ[15]. D&ED,

BILBTERCBY 28R ORER, SKoBEERL
BRBILFNF-PRDBLITTLOT, NIFUTIRE
STHERHALLTWEEICHD. TOkD, TOBR
ETOARRNICKBEERNENEA5b0LEbNS

e, BNV TFUTPHEETZZLE> TEORE
POBLETEMB LU pH BB L, BELETERNE
HRHLTHATERSELONDS. —F, MEBEICHE
WL TWAE, BE 458~485 m DHIZHBWTHER
THEOEEPEREIN. TOEAELTE, TheD
FETEAMET A ORBENMEEBELTOLEN> =
&, T, DRIOESEETORE[)MS, b
DEETHRBRGECEMARE R CEOHEML S %-100
~200 mV OFEICH B EFRINDIERENELS
N5, BRAKEECBTI2HKBLUHRR1TA D
BE, Table2 DEBVTHS [13,16] (Table 2).

33 MEE HREHTDPITHTIMENHRE —TH-6 T
#HlELT—
331 HBEICBIT3MTRPOMEDSE

BRI U 7o K OMAEM O LEENL, 47 10° cells/ml
THo7z (Figs). TOREFLOFEHNBIR, FHWEE
BZENZEELRBWEFEINS., LhLads, Zo
2ERDBEERBKEFROBETHD, MR EWE
MESFEL TR D EEZ NS, T, SEER
BWTHEME O HREERSE 0L, COEBEL
TiL, HTREHOEBIZBHETH Bk, EREHEL
BRLTWAH0EEbN5E. DED, ZH5 OREKE
BiZBT25a, BE, BEE2EEUZREBNZERD
RKENWLDOTHB. Lo THREMNELL S B0

DR EK ERT TR PEEL TWid,

AREYBEEOTCREBENEVWEPENMESNTNSD

Table 2 Conecentrations fo iron (II, IlI and tatal) and
sulfate in the granite and sedimentary roc waters in the
Tonoarea, Japan [13,16]

ok (m) Fe*(ppm) " Fe*(ppm)  xFe(ppm)  SOZ(ppm)
DH-3

208 <0.05 <0.05 <0.02 2.27

330 <0.05 <0.05 0.06 6.66

485 <0.05 <0.05 0.03 12.7

600 <0.05 <0.05 0.03 8.32

645 <0.05 <0.05 0.03 9.1

790 <0.05 <0.05 <0.02 6.84

840 <0.05 <0.05 <0.02 6.21
TH-6

104 0.03 0.04 0.06 35

132 <0.02 <0.02 0.04 51

153 <0.02 <0.02 <0.02 41

177.5 <0.02 <0.02 <0.02 82
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LT EROWAEYICE L FEEH TREX 10° cells/ml
OBECHTFTHIETORERT Iy Va2 > TNWS
EEARB.

332 BHEBITH T T KBOHENREY

TH-6 FLIZBU B TARPICS, SEL/BTHE, B
BETENGEEL ThE Feo). KB A/ETHERED
BEICBWTHERINE., /-, FEEEICEL T
BEE 153 m 2N TEREI N IS ofEyHE
%, Fe, SOYIMEDN, bLKRETOEEOHBHE
B KRR E) ITKET B EEZ 5N, KDk
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Fig.8 Total bacterial counts in the sedimentary rocks
groundwater (TH-6)
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Fig.9 Amounts (CFU, colony forming unit) of iren-oxidizing/
reducing bacteria and sulfate-reducing bacteria in the
sedimentary rock ground-water (TH-6)
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4 FEMBEREICETIMBEOTIR- BEICHT 8L
DEE

WTRETOMEME, TIRFEET DAY DL
KFE, KE, & IUHCREOHEEFBL THMEL
TWDAEEENEN[17,18]. TH5DHAR({LEMI,
BEDOEBC L > THEEINZOEIELTIHD
EZEZONTNWS. FIZE, AY U ERE, HEETHE
E>TUTOEIBRIENRZ 3.

4H, + CO, — CH, + H,0
4H, + H,S0, — 4H,0 + H,S

iz, HFREPICBWTIRSEREB I UGB TS
PYERRELIPEERIIAEEESLTVBEHDE
Ezohs. FIZE, SBEITHEORKSICE > TREERSE
(RTFFA b Fe*Fe?0,) MERT B EbRr>TNWS
[19]. = THLN TV O BRHEHE DL < KRS E 4
HRICET SN, d5BOMEZChEMEN TERT
LHIEMREINTNS., £z, HEIL (/31 51 b FeS,)
DORENIHERAACHESERWICREL, TOBREY
DOREEEETBOKEN SBE/KREIZEBT D2 &b
TW3. DFD, SEBLHEIC L > T/X1 51 FDOEME -
ERDORBBEIS>TVNBEEZENTVS. ZOME
Mo TREESEER] 2HWTEHTRONT T4 2k
RENCHEE, ERERETESEENRBDZ EEZ2 50
TW3[20].

FeS, + 14Fe* + 8H,0 = 15Fe? + 2S0,* + 16H*

Fie, MTEEINTWEY S OB, MED,
BELThSHEELH 5.

IS O TMAENNERIZ, #HITRERICBNWTE
D& S5 BEZE R L TRBRNIZ DWW TITERIENIE
THD, SBROELDIMEORENHFIND.

FIREDO—ERIT, XEE TR 10 FERFIFRER )
& (AR | (GESRS 10044067) , B710F - A
EIREEE GR - BB 2 VAR [RTRRT
FRBICET 5K 10 FEMER ), BERSHE
ZEMSITX0ITTONE.
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