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Abstract

I review the organic geochemical studies of lake waters and sediments, soils, Beacon Supergroup of
Gondowanaland sediments and cryptoendolithic microbial communities of the McMurdo Dry Valleys in southern
Victoria Land, Antarctica. Total organic carbon contents in the anoxic lake waters of meromictic lakes are extremely
high due to the accumulation of refractory organic matter from microbial degradation together with dissolved salts.
Vertical distribution of physicochemical properties reveals the zonation of microbial communities in the lakes.
The composition of organic components in the lakes and ponds varies largely, reflecting differences in microbial
communities and their activities. Significant amount of long-chain (>C,,) n-alkanes and n-alkanoic acids are
detected in some lake and pond sediments, implying that microorganisms are important sources of their long-chain
components in natural environments on the earth. Unusually, the predominant sterol in the McMurdo Dry Valleys is
frequently 24-ethylcholest-5-en-34-ol (C,, cholesterol) which is synthesized by green algae, cyanobacteria and/or
diatoms. As expected a series of phenolcarboxylic acids related to the lignin of vascular plants are absent but
p-hydroxybenzoic acid is predominant phenolcarboxylic acids in the lakes and soils.

The occurrence of matured isomers of steranes and triterpanes, the paucity of n-alkenoic acids and visual kerogen
in soil samples from the McMurdo Dry Valleys suggest that organic components in the soil samples are derived from
erosion of Beacon Supergroup sedimentary rocks and past biological debris containing vascular plant waxes as well
as wind transported cyanobacterial mats rather than living organisms.

Long-chain n-alkanes and n-alkanoic acids are found in Beacon Supergroup samples from the McMurdo Dry
Valleys. Steranes, triterpanes and visual kerogen results of Beacon Supergroup samples from Allan Hills imply that
organic materials in the sedimentary environments are contributed mainly by vascular plants with some influence
of microorganisms, whereas those of Carapace Nunatak sample are largely due to fern spores. Variable thermal
maturities of steranes probably reflect thermal effects of basaltic dikes on the Beacon Supergroup in these areas
in Jurassic time. Thermal stresses of the formation of the Beacon Supergroup prior to basaltic intrusion have been
estimated to be quite low.

Long-chain anteiso-alkanes and anteiso-alkanoic acids are often major components in cryptoendolithic microbial
communities originating probably from microorganisms, such as bacteria and lichens in moderate pH conditions
(pH 3-5). Normal alkenoic/alkanoic acid ratios are probably useful marker for the fossilization of cryptoendolithic
microbial communities. Thermally matured triterpanes and steranes from fossilized associations on Mount Fleming
strongly suggest the presence of Gondowanaland sediments formed during Devonian and Jurassic (400-180 million

years ago).
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Fig. 1. Antarctic ice-free areas and the McMurdo Dry Valleys (Ross Desert) of southern Victoria Land,
Antarctica. Ice-free areas (after Simonov, 1971): 1, McMurdo; 2, Alexander; 3, Bellingshausen;
4, Snow Hill; 5, Zimmermann; 6, Shirmacher; 7, Insel; 8, Syowa; 9, Molodezhnaya; 10, Thule;
11, @ygarden; 12, Stefansson; 13, Amery; 14, Vestfold Hills; 15, Bunger; 16, Greason. McMurdo
Dry Valleys (1) are the largest ice-free area extending 4,000 km? (e.g., Torii and Yamagata,
1981). Slashed areas are the Beacon Supergroup outcrop (Barrett and Kyle, 1975).

A —

27y BT 5720

LIEU®IC
ol DX 7

CHEETHL, 2
BT DGR OB 13 R 2 L

FARARE L 2 ORI 254 2,450 m DJE
KIRIZE DI T WA D, KERBEIZIEA T >
AL WFIEIN D Tt s 054 i § % (Simonoy,
1971, Fig. 1) FEARARE LB 2 BREE D 72D A1
WENEE L CHIBR S, Ml B oduil o B &
EHAEY AT L 2 W HbER 1 ClI R 2 il T
5 () 21X, Green et al., 1967; Matsumoto, 1998)
FTVRIIIEERE BE ST/ T)T,
R AE 22 E DEAERE DAV T Do L72DT5
“C R AR 2 D A5 B8 K50 | X AHEE F R O 5545 5 %

R - I LU CE LI RZ L LTS
néogm EALZ, A T T A DR
é%@n%ﬁv—ﬁ—%ﬁnﬁé_imﬁ&%%
EWnwz X9, —F, EMmKEIZAEIEE KA L
JLPERO R REE I S I RE (BN TS 72
O, NAHEEOR S /NS WIEFT T A AIHH O /Ny

BRAEE-N %,

MmO Y 7 F1) 7 5~ K (southern Victoria
Land) ®»< %2 <— F K5 A /3L — (McMurdo Dry
Valleys, 544 Ross Desert) (&, B KO &S H
%f4mmmﬁ@ﬁﬁ%ﬁ¢é(mi@ Torii and
Yamagata, 1981), Z ZI2i1Z¥ 7 1) 74 (Victoria
Valley), 71 b&+ (erght Valley) BL 71 7 —
243 (Taylor Valley) @ 3 ROKELHHIGIZED,
AIRIZIE/N > 7 (Lake Vanda), R = —i (Lake
Bonney) 3 & 87 1) 7 )Vl (Lake Fryxell) 72 &
DEBOMBLEAET 5 (Fig. 1o F BT HIC
WX EF AR AE T IL R (Transantarctic Mountains) 257 &
L, I F7FRERBRROGRRLELAE &L
v—a v B E# (Beacon Supergroup) AY)i < 5 Af
T 5, 512, Fraf (Miocene—Pliocene: <1100
JAE) IR, v 73— FFIA N — (CHEE A



B~ 7~ — F FJ 450 —OH IR

Wsasi LCwize v ) 5 b H 5 (Wilson et al.,
2002),

Y73 —=FFIANL—-DREKED XU IR
L5 BIBE 7813 1960 4E 2> &5 Z B O B8 12 &
DFERSN, £ OBRECHIRLAES L TWw
% (ff] 21X, Armitage and House, 1962; Wilson and
Wellman, 1962; Torii et al., 1975), Burton (1981) %
v 7<= FFIANL— %&b EmlEobE,
W OWT L Ea—%2 L TWwh, %
7z, Torii and Yamagata (1981) 3~ 27 ~— K FKJ 1
NL— B oK, IRoRIE, EARO X h =
A7 EIZOWCRHI G RE 27> T b L
Lahs, HHBICET BRI A LR S
NTnWihroiz,

HERBRIE T OB S L BEOEY
HENR ABNSE)IC L D S, 2o OB S
PEORE R L T\ 5 EEZ 5D, AHEKS
DR LA L2235 2 Lid, AHbEk
LAMBE P SIEFICERETH 5 FRIZRAILK
%, G, A7 u— VB LU/ Ezide Faxy
BRiE, N7 70T b EEEY £ AN
WINAAE LR IR RN 2 LEWTH B 2
NoOEHILEY (—H %2R TV 7))
ToLBMHICEL TR HM L, WEREICBT
B HREI OREIF R RENAE, HERABREE, BREEAH)
RGBT 72001 F<—I—& L
TEHOMRHEIZL DA I TS (B 213,
Peters et al., 2005; Bachter et al., 2007; Medeiros and
Simoneit, 2008) o

EHIT1976 4Lk, ~ I/~ —FFIANL—D
FAIC S BN, MEROA IR e %
FEhi L CTE7ze ATTIIFEM-MEs )T T
FO 7<= FFI AN —OMEK - HEREY,
THE, TY RS REOHEETHLIE—a VB
JE#E B & Oa a N RO B R IR LA A7
lbEa—L, HRESOREEAZHLMIL, £
o ORFE L EESCMEW OB LT P
T REDILFACE DREE R 12 OWTHREE L 72,0

2. #AB

2.1 HBOEHS L UERES DIRE ST EEW
iEED

<<= K RFIANL —121%, HEIRE A
D TR RAKIE D S WK D 13 F512ET 5 Ko
7 7 v ith (Don Juan Pond) 233445, Ry 77
YIE R TR QIESBEOEWIIE T, ER
GHREALA N T T A% ) EA&FED-50CTH
FiE L wEME I TwA (B2 1, Torii and
Yamagata, 1981), ¥~ 27 <— K FJ 4 /3L —Diii
1, ZEDE S 3-5m ORI THEDIL TS5,
AT BRI DA 5D IKEDTE
WA TIZMER E CHE L T 258 0% v, T
A RNV =N NI E G IEBRI T, WIOKIET
12 0C TH 2 27KiFE 68 m O EAKIEIE AR L 4 v
F—DHEMIZ L Y H25CIZLET S (Fig. 2A, Fig.
4 B Yusa, 1975) /N i OAKEE (5-50m) O
¥ a7 4 v-aigiE (0.074 mg/m?) 134D T
K < (Vincent et al., 1987), Z @1l % Jf > Carlson
(1977) B X O Aizaki et al. (1981) O3 X 1) FHHE
RDDE, FNEFENRASBLT6Sm ELRY, N
YR TR EHEOHB W O—D L B
(Matsumoto, 1998) o i JEC AT T 1 6 Al W B 208 3 Ak
LTwa7-ohrBatr 2L CBY, KEtidE
B DD TR REE 2 %8 L2 5E L EFE S
NTwsenz i, £72, 74 7= —DFK
Z— NIRRTl OR T 15
(239 % (Fig. 2C, #l 2.1Z, Torii et al., 1975), ~ 7
Y= R FF 4N — D 60 #I78 % ¥ i BE T 40
5 L&, 42%DNAKI (HE5T i E <500 mg/L) T
58% ASHEi (B4 RE >500 mg/L) &7, 20
TR &) R RE DTS VI 16% TH B
(Matsumoto, 1993) .

B DR RFE (TOC) JHEEE XA K
ECRELERHL, Ny FHOBEMETIEEL
(< 64mg/LIZHEL T4, TOCHERE &AL
WA A VIEERICIE, %) mOHBEBERDSA S
M, RAEH ORMICHES &[RRI 5 R 1% O A HE)
AHEMTICEF SN TS EE 2 515 (Fig
3, Matsumoto, 1993), /N> ¥ OKIE, FERB L
O BERL AT D SR 1E.53 AT % Fig. 4 12753 (Matsumoto
et al., 1984a; Matsumoto, 1989) , ZKiEIZEZ Sy -
A LETIZ 25CITET 505, BERELTw5
72O\ RETH Do TOCHEE B X A HE A
FHeheF (BOC) (ke & ichnd 245, Bghk
FRIETE 35 X ONE SHRRIGIE O A B/ fufl I id 55.4



H R (RARIEE)

e e

A. Lake Vanda in Wright Valley of the McMurdo D. Drill a hole by a Sipre ice auger at Lake Fryxell in
Dry Valleys, Antarctica. The lake surface is covered Taylor Valley of the McMurdo Dry Valleys, Antarctica.
with perennial ice of 34 m thick. The water Lake ice thickens of the lake is 4.6 m.

temperature of the bottom of the lake attains at about
25C  due to the accumulation of solar energy.

B. The floor in Wright Valley of the McMurdo Dry E. Beacon Supergroup outcrop, Battleship Promontory

Valleys, Antarctica. The surface of the valleys is (76°55°S, 160°55’E).  Note the disticctive weathering
covered with various sizes of rocks and sands. Soil-like pattern on the surface of the rocks. Cryptoendolithic
materials are distributed beneath the rocks. microbial communities are colonized in the near surface

of the rocks (Photo by E. I. Friedmann).
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C. Lake Bonney in Taylor Valley of the McMurdo F. Typical lichen-dominated cryptoendolithic microbial

Dry Valleys, Antarctica. The salt contents of the communities in Beacon Supergroup sandstone from the
bottom of the lake attain at about 7 times higher than McMurdo Dry Valleys, Antarctica.  (Microscopic
seawater. photoby E.I. Friedmann). Scale 5 mm..

Fig. 2. Photos showing typical features of the McMurdo Dry Valleys of southern Victoria Land, Antarctica.
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Fig. 3. Correlation between total organic carbon (TOC),
and chloride ion contents in lake and pond waters
of the McMurdo Dry Valleys (Matsumoto, 1993).
Open and solid symbols denote oxic and anoxic
layers, respectively. r = Correlation coefficient.
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Fig. 4. Vertical distribution of temperature, specific gravity,
total organic carbon (TOC), extractable organic
carbon (EOC) and fatty acids in Lake Vanda of the
McMurdo Dry Valleys (Matsumoto, 1989).
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in waters and sediments of the McMurdo Dry
Valleys in Antarctica, Tokyo area and Ogasawara
(Bonin) Islands in Japan (Matsumoto, 1989). Long:
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Fig. 7. Mass fragmentogram of the phenolcarboxylic acid
fraction from Lake Vanda sediment in the McMurdo
Dry Valleys, as compared with that of Yatsuse
River of the Ogasawara Islands. The mass numbers
atm/z 267,297,327,293, 370 and 338 correspond
to molecular ion (M)-15 of trimethylsilyl deriva-
tives of o-, m- and p-hydroxybenzoic acid, vanillic,
syringic and p-coumaric acid, and M of
protocatechuic and ferulic acid, respectively.
Identification: 1, o-Hydroxybenzaoic acid; 2,
m-hydroxybenzoic acid; 3, p-hydroxybenzoic
acid;, vanillic acid; 5, p-coumaric acid (cis); 6,
protocatechuic acid; 7, syringic acid; 8, ferulic acid
(cis); 9, p-coumaric acid (trans); 10, ferulic acid
(trans).
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Fig. 8. Mass chromatograms of alkane and alkene fractions from soil sample (Don Juan-2) in the
McMurdo Dry Valleys, Antarctica (Matsumoto et al., 1990). Numerals (m:n) on the peaks denote
carbon chain length of n-alkanes and n-alkenes: number of double bonds. Broad peaks of
n-alkenes can be attributed to the unresolved mixture of cis and trans isomers and different

degree of unsaturation, because after hydrogenation their peaks gave single n-alkane peaks.
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5, 1990), ALK OB B R R IR O FEHE T
&5, (228/22R) —17a (H), 218 (H) —30—- K€
RV, Fr 77 VHEERE L OOR = — A
WEETIE, FN 21 0.12-0.58 (0.29+0.16) 35 &
7 0.62-1.1 (0.87+0.22) TH 5, F7z, (20S/20R)
—24—TF )V —5a (H), 14a (H), 17a (H) —
A% I, FNENEIEFE T 0.032-0.19 (0.12+
0.074) B X U 4% Tl 0.43-0.67 (0.57 + 0.088) &
AR = — 8 DGR T U BB EE A3 v (Matsumoto
etal, 1990b) & DD, Wb FEIE & P |2
IE 3% L T W 722w (Fig. 9, Seifert and Moldowan,
1981; Mackenzie et al., 1982; Philp., 1985; Peters and
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Fig. 9. Correlation between maturation parameters of
triterpanes and steranes for soil samples from the
McMurdo Dry Valleys, Antarctica (Matsumoto et
al., 1990). r = Correlation coefficient. Sample
abbreviations: DJ1-DJ6: Don Juan Pond-1 — Don
Juan Pond-6. BW1, BC1, BE2, BES, BE9, and
BE12: Bonney-W1, -C1, -E2, -ES8, -E9 and E12,
respectively.

Moldowan, 1993; Peters et al., 2005) ,

TERE T —ED - TNV A v B (n-
Cs - n-Cw) 25, LEDO n-7 WV 777 4 7 HE (Cis,

Cs) ZOETNIAV-BLXUT v FAV-TNA )
A v 7B (Co-Ci) & & b I257H T % (Fig.10,
Matsumoto et al., 1981b; FA 4% &, 1990), / V<
W—TIVvH Ay 7 HRIZ n-Cis, n-Cis T 7213 n-Co,
B L n-Cu, n-Cas T721E n-Cos ICHBAKY — 27 24

J A2 AR L, 2D OREJEHEILII R
7 < 0.80-3.0 (1.5+0.77) T& - 7z (Matsumoto et
al., 1990b; IAA 5, 1990), F7-, FEHB LU EH
n-T VA J A v 7 BO CPLEI B AR < 1
MOZFENS T B ENRN)/NEL, FREN
12-4.8 (23£1.2) BLU'1.7-3.3 (23+£045) 7R
4 (Matsumoto et al., 1981b, 1990b; FAA &, 1990)
TR #ED 22 Fo ¥ U (Cs -
Cx), 3-B FO ¥ IUHR (Cs—Cx), w-b N Tk
(Cs—Cx) BIU (w-1)- FaF T (Ca— Ca)
DM H ST v B (Matsumoto et al., 1990b; F234<
5, 1990), 3-t FOF YRE L (0-1)-L FOF
DRIIEEURFEMN TH LS, 22 FuXx b
L0 w-b FOFVEBIITEB R ZEMIEIIAL
N7 7> 72 (Matsumoto et al., 1990b) ,
F 72, BESERICE—ED a, o-PHIVER Y
BE (Cs — Car) DEAET 528, FELBSTIETT T
TEHAC, RS/ S IE 2 D /N S v (0.03-
0.85, Matsumoto et al., 1990b; #3745, 1990), =1
%m/ﬁWT/& SR BUR FEM IR S T
CPI il 1 123> 72 (0.69-1.1),
INSOTEFRFOE Y27V ru—T Vi,
TEILVT 7 AE (68-98%) & fE (3-32%)
SHREINDA, TENVT 7 AEFEEMIZE W
(Matsumoto et al., 1990b) , +3ESE P2 1L MR
THEMBARE SN2V &R, -7V /4
7 WSRO TH T & H 6 BFE T CiEE) L
TWABAMRIZE AL VR WEHBITE S, L
72735 T, HIEROFRBI I3 E O LY,
Tbb Iy N7 KEOHR S THEE R O
LA 2 & ¥ —a > BB HOKN R 12 &
AR, #raA; (Miocene—Pliocene) (2 B1) 5 44
158y (Wilson et al., 2002), X527 /N7 71
TNy b EOG LR OEEIC X B ERKIZ
b0t EZNL, $bE, CPLHAVNS
WEHHR S IEEE LT — oy BB ERIC
Bl BHEE Fﬁﬁ% kL, 8L 7 /N
77T REHE, SRS T TICE S D
DTHH9 o

4. 2 F7FKEDO{LZE{LR

T KT FRBEOREETTH ST 2T
e (4.0-1.8 fEAETN) (ZHERE L 7o ¥ — o > RIEFHIE
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PR K D LR T & % R LR 0 F 22 7 3%
BxEoTwb, E—aryREH s v b
HOBES) B — F R4 — oI THN
P2k { 404§ A (Fig. 1, Fig. 2E, Barrett and Kyle,
1975; Barrett, 1991) , FEMBAEKTILARD 7 7 » e v
A (Allan Hills) BL FF ¥ S5 R—AXF ¥ —7
(Carapace Nunatak) 72* HERINE N2 — 3 v BE
B (2L M) 3B TOC 1L, 15.9-55.1 mg/g
THholce 7TV IVADLELENT-HALAD
TOC 113 22.8-35.1 mg/g THERE S L R TH 5
M, A B 637-682 mg/g & E o 72 (Matsumoto
etal, 1986), )V & ® TOC/TN JE 1t it 2.84-
173 L RESAH L, BFEAYOMEZ KWL T
Wabo bbb, BILRB X OHKO TOC/
TN EFIiE, 212 17.0-42.0 B X U8 30.9-39.9
ERE CHEEFM O ZERL T\ b,
vV—ao BB —dHon- 7V h v
(n-Co = n-Cx0) A VTV /A K=FVHh v (7
VAY Y, 748 2)EbilHBEERTn3
(Matsumoto et al., 1986), FZ7% 7V » 1% n-Cis,
n-Ci7, n-Cis, n-Cio, n-Co2, 7)) 2% 721837 14 %

YTHolze IV =TIV VIFEBRFEE
YA SN CPIEIL 091-14 Th o720 N5
DOFFEH D Cyy, Cas, Coo AT T ¥ ORI FAEL B
rovvarnvradorynd, 75 IVAD
HHER I FE L L CTHEE MY (woody-coaly %%
), Fx¥IX—AXF ¥ -7 OEEETILY
5 4H (fern spore 2SHHL) I[ZHRT 5 LHEES LA
(Matsumoto et al., 1987b)

V—a BREEOYV MERIZE—ED n- 7
WA 7 Ay 7Bk (n-Co — n-Cas) 23K HY & L7278,
ASEAIRRIGEE B £ OV BARRI R S S e o
7> (Matsumoto et al., 1986), = O = & IZFH o4
LRSE R %Y/ N BanZ EzRLTWh,
F 72, RFEEAIn-Co LUF T CPIED/NE %2 n-7 )
HIAY VRPN L LEENDLH, b
WEOEWIZIZIZEAEHFELR VDT, Hifik
WCERAER EOE NI L 2BGRORENRD L D
DEEZBNL, TNLDOEMFRD /Y — 13,
<7< — K I AN —0HERHIEHER Y h O
N5 Eid k& £ 5 (Matsumoto et al., 1979,
1981b, 1990b) o 4|2 R FHFHDS Cao DL LD n-T IV H

B 988
o
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Fig. 11. Correlation between (20S/20R) -5¢ (H), 14a (H),
17a (H) -Ca sterane ratios and (20R+20S) - S«
(H), 145 (H), 174 (H)/5a (H), 14a (H), 170 (H)-
Co sterane ratios for Beacon Supergroup samples
from Allan Hills and Carapace Nunatak in the
McMurdo Dry Valleys, Antarctica (Matsumoto et
al., 1987b). SEDI1-SED7: Sedimentary rocks.
SIL1-SIL3:  Silicified
coefficient = 0.96.

woods.  Correlation

IA Y TBRPRII—=RFRFIANL—=—DT LI
7111 (Mount Fleming) 72 &D 3 )V b EIZA S L
\» (Matsumoto et al.,1985b), L L7&A%5, F v
TR=ARXFE =7 DY) MEIERS D
O EFENR, IR THEWEEICHET S D
DL Ebid (Matsumoto et al.,1986) , —J5, 7Y
AE /T A IO T T eV AT O HER
BT VIRAKTH 5 L HEE S LD (Matsumoto
etal., 1987b),

(228/22R)-17a (H), 218 (H)-C3-Css ~ 1) 7 )

28 2 W3 BGPA (1.5) 120V ETdH 5 A5, (20S/
20R)-24-T.F V-5 (H), 140 (H), 17a (H)-Cao A
77 2 (0-1.1) 13K & B L AP IITEL

Tw\» (Fig.11, Matsumoto et al., 1987b), % 7=,
(20S/20R) -24-T.5 )V-50 (H), 14a (H), 17a (H)
Cow A7 T ¥ & (20R420R)-54 (H), 144 (H),
17 ((H) /5a (H), 14 ((H), 17a (H)-Cx A7 T ~
Hix, Mo TIWAHBBRICH S (1=096), =
NHRESERZBELY, 775 ‘/E)leio‘
LFPF ¥ IR=AXF I =728 M

WEFOBEERITNE L, Y270 TREOE
AL BBOEEEL BT TVRDEVR L)
(Matsumoto et al., 1987b) ,

5. e ARBENFHOFEE S

Y—a Y RIEHETORE XL ILE TR
X DEBL, KB EWINT % 720D
LY, TLWERDSD ) RAKIEHDTD 5o

Friedmann & (5] 2 |, Friedmann and Ocampo,

1976; Friedmann, 1982; Friedmann et al., 1993) %,
WaEOFRRE» S mm NENZIE, HARHE BEEB

KON 7 TEEP GHERL S N5 R 2 a N
E%ﬁ? (cryptoendolithic microbial communities) 7%

AT A EEFA LTS (Fig. 2E, 2F),
EEW&E%ﬁiﬁﬁT%&Ltﬁ@% NOL
WOBLIERED—D>TH b, F72, HANBEY
HELLHD 30 AR O K2 TAIEANH ML, K2R
BU 2RO EMOFEAELH 2 5N TWn
% (Friedmann, 1986; Friedmann and Koriem, 1989;
McKay, 1993). ‘& AN BT 245
ff|Z £ 1) Lichen-dominated community, Hemichloris
community, Red Gloeocapsa community 3 X Y
Chroococchidiopsis community (2578 ST\ 5%
(Nienow and Friedmann, 1993) .

Matsumoto et al. (1992b, 2004) 1 %5 4 N
FED JRALKSE ENENRZ 0T L, €6 DA
Yo, AWpiEEh, LAk okt 2AB LTS R
TREDOHREMOZEIZ OV TR 217> Tw»
%o HAMNBAEMTIZIZ—ED n-7 )V ¥ (n-Cis
—n-Cx), 7FAV-TIH ¥ (a-Co—a-Cx), #h
WEDRLD N TNV RATT Y, n-T VA
Ay 7l (n-Co—n-Cx), TVFAI-TIVH I
1 v 7B (a-Co — a-Cx0), ANELFIGIIER B & OV
EHEIGEE (1, Ty FA V) Bkt b =hA
NIAEWRE RN 201, RET ¥ F14 V-7
WHYBLOE#RT v FAV-TIVA Ay 7
2, LIELIEER D E L THEET LI ETHS
(Fig. 12, Fig. 13)o 7 ¥ F A4 V-T NV H ¥ DFES
1Z a-Ca, a-Cos T721% a-Cos T, 7V F A4 V-T IV
7w 7RO A1 a-Cor, a-Cao F 7213 a-Cas TH 5o
o7 I 4 VL&Y L, Lichen-dominated
community, Gloeocapsa community, Hormathonema-

Gloeocapsa community, Fossil community ( 32 & L
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Fig. 12. Hydrocarbon distribution in selected cryptoendo-
lithic microbial communities from the McMurdo
Dry Valleys, Antarctica. Solid line: n-Alkanes.
Bold solid line: Anteiso-alkanes. Dotted line: Iso-
alkanoic acids. LD9: Lichen-dominated commu-
nity. FOO01, FO3, FO07 and FOO8: Fossil commu-
nity (probably lichen-dominated community).

C lichen-dominated community & 58 S5 ) |2
43 A 9 % 7%, bacteria, lichen, algae-cyanobacteria
Bl auo=—owEAFIZIEAL N W
(Matsumoto et al., 2004), 72, TNHDT ¥ F
A VALEWZIEHERY, TEB XUV L FNEO
v — oy BRI ST, S aNE
VI CRRN 2O THL LWL DI o
72 (Matsumoto et al., 1985, 1986, 1990b; Matsumoto,
1993)
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Fig. 13. Fatty acid distribution in selected cryptoendolithic
microbial communities from the McMurdo Dry
Valleys, Antarctica. Solid line: n-Alkanoic acids
(Matsumoto et al., 2004). Bold solid line: Anteiso-
alkanoic acids. Dotted line: Iso-alkanoic acids.
Bold dotted line: n-Alkenoic acids. A: n-Cis:1. B:
n-Cie2. C: n-Cisii. D: n-Cis2. E: n-Ciss. LD9:
Lichen-dominated community. FOO1, FO3, FO07
and FOOS8: Fossil community (probably lichen-
dominated community).

A9 IBEE#n-TVI /Ay %2 70y b
THEMODTLWHEIESLSNTVA (P =092,
Fig. 14), 2O Z i3 s o REILEWHE—
ORFAEDIZHET LI L 2R RET L, —
Ji, R8T v F A VALEWILESEEMEN T 5 HIR
R T A O W ECHERE Y P TR 5 2 &A%k
&N T WA (Fukushima et al., 1996, 2005), L 7>
WoT, ITNHDOT »F A4 VLEWIE#EE L pH
(3-5) TN F VT R EDOWMEMIZ L ) AR IR
LD EHEEEINS,
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Fig. 14. Correlation between n-long (n-Cao - n-Cs3)/n-short
(n-Cr2 - n-Cu)-chain alkanoic acid ratios and
anteiso-long (a-Cx - a-Cso)/n-short alkanoic acid
ratios for cryptoendolithic microbial communities
from the McMurdo Dry Valleys in Antarctica.
Sample numbers: LDO1-LD10, Lichen dominated
community; HGO1 and HGO02, Hormathonema-
Gloeocapsa community; RGOl and RGO02, Red
Gloeocapsa community; BAO1, Bacteria; LIO1-
LIO3, Lichen community; ALO1 and AL02, Algae
and cyanobacteria; FOO1-FO15, Fossil community
(probably lichen-dominated community); UCO1
and UCO02, Uncolonized rock. Normal-long (n-
Ca0 - n-Cs3)/n-short (n-Ci2 - n-Cio)-chain alkanoic
acid ratios are less than 0.2 for LDOI, LDO02,
LDO03, LD04, LD06, LD07, LD08, HGO1, HG02,
BAOI, LIO1, LI02, LIO3, ALO1, AL02, FOO04,
FOO05, FO06, FO10, FO11, FO13, UCO1 and
UCO02 samples.

A NEAE S A OEALIC & 2RO R
HESREALER 2 C o EFW T u v A, REES
TrOZEB X ) e LIbA L % (Friedmann and
Weed, 1987; Friedmann and Koriem, 1989) , A&4A1
NRIGER A F0 B X UMb\ 2 Ba R IR IBE &
N 7% L9\ (Kawamura et al., 1980; Kawamura
and Ishiwatari, 1981) . JGIHER DAl / fafit o
n-Cisa (JRZEH - ANEIAIEL) /n-Ciso & n-Cis2/n-Ciso
270y MY EEWHIBER (P =079) 25
5% (Fig. 15) . NRHEE DAL/ ffl Hol 2 A= i
WX DB %2 51157, Lichen-dominated
community & Fossil community T L8 L 7235 &,
n-Cis1/n-Ciso lLIZHIE 754.1 (n=8) THAIF2.1 (n

=8) & 72 ) B & 2|2 Fossil community 7%/)y &\,
L7235 T, MR OAN A/ fafl i3 s A
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Fig. 15. Correlation between n-Cis:1/n-Ciso and n-Cis2/n-
Ciso fatty acid ratios for cryptoendolithic microbial
communities from the McMurdo Dry Valleys,
Antarctica. Sample numbers are shown in Fig. 14.
Normal-Cis:1/n-Cisqo fatty acid ratios are less than
2.0 for LD02, LD03, BAO1, FO04, FOO05, FO11,
FO13, UCOl and UCO02 samples. Correlation
coefficient (r*) = 0.79.

EWEEOALAIL T ADINA < —H— & LT
Hih&# 2 5 b (Matsumoto et al., 2004) ,

7 L 2 ¥ 71l (Mount Fleming) 7 & R L & 11
72 Fossil community 2%, ZAZEM% % 2172 (22S)
170 (H), 218 (H)-bP ) T VX BLXUPEL ¥
>, (208)-5a (H), 148 (H), 178 (H)-A 7 T ~
BIOTVT AT I 54§ 5 (Matsumoto et al.,
2004), Z 5 @ (20S/20R)-24-T. F )V -5a (H),
l4a (H), 170 (H)-Co» AT T ~ It & (20R +208S)
S50 (H), 148 (H), 178 (H) /50 (H), 14a (H), 17a
(H)-Coo AT T VX, TTVRIVABLIUONT
N—=ARXFE =7 PRSI EWIER LT
WhWEE L FRBETH B (Fig. 16), F 72, (228/
20R)-Ca1 b 1) 7 /S LT FEAEDRE RS N
T\ % (Matsumoto et al., 2004), BIfE 7L 3 7
HNZIEBIEA R DT, IS OBEWZ 2T 72
AT TR MN) TN L, TRURE— 2T
[ZE— 3 BEHEDHERE L 72 U O G HEW 12 Hk
THLDOEEZBND, EHIZ, TNHONA T
Y= —OBWEIIRELL R LR L7720, JaT8
B8BTS 75— FLF A4 b (Ferrar dolerite) @
A (1.6-1.9 fE4ERT) 12 & 2 BOEEE b - 72
72 TdHAS (Bridinet al, 1962), V) ¥+ AT F
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Fig. 16. Correlation between (20S/20R)-5a (H), 14a (H), 17a (H)-Ca sterane ratios and (20R+20S)-5a
(H), 14 (H), 178 (H)/5a (H), 14a (H), 170 (H)-C2 sterane ratios for cryptoendolithic microbial
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Sedimentary rocks. SIL1-SIL3: Silicified woods.
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F O ¥ L EEMmSI SN, N VR V)
CHER, p-7 R —=IVIEEB X7 2 VT EESHEE
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VFWNRYBLXUOATFS VOB E LY, HigEd
DEREREE — 3 > RIGHED AL A B 2 #
RABT BHEERNY %2 & OEYEHIC LS00
EEZHLND,

TIVVABINHTR=AXF T =725
B En/-v—aryBEH OV a7 v rad
VRERBEG O LD, TT eV AOEREY
THEE R OB L RELZIT TN, 7T
NR=AXF =7 TIETYVEHOEG D ) K&
WZEDPHL Doz, Fz, BWEORL S
FITIUNRCBLUATT LD, VaT/ICE
FALRAEDEAC L 2B ORE 2R ZITTw
B85, ©— 0y BREREOMERGE RO OIER
D TNE oz b HEEEN S,

v— oy BREO S EET A A aNBTEYD
BRI, HEMOKSTHLEMT Y FA4V-T IV
B, TUFAI-TINH Ay 7ERDS, En-
TNH Y BEFn-TIA ) Ay 7RE & HITHEE
T 5 BT T4 VST 7 pH 414 (3-5)
TNT T ) 7RI EOMAEWIZ L) AR S
NHLDLEZ LMD, AN
T 2 BRMIER O AR /SR L, BB E AR
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