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Progresses in the study of organic lipid molecules for reconstruction of paleo-sea temperature
YANG Yingxue, LI Li, YU Jinyong, HE Juan, JIA Guodong
State Key Laboratory of Marine Geology, School of Ocean and Earth Sciences, Tongji University, Shanghai 200092, China

Abstract: Temperature is a very sensitive and crucial factor in climate change, and an indispensable boundary condition in climate modelling.
The reconstruction of paleotemperature is of great significance for understanding paleoclimate system such as the evolution of atmospheric
circulation, and ocean currents strength and path, as well as for making more accurate predictions of future climate changes. Along with the
development of new analytical techniques, organic temperature proxies have been highly valued as an important tool in paleoclimate research

and widely applied in temperature reconstruction globally. In this paper, six organic thermometers are reviewed, i.e. UX,, TEXg,, RI-OH, LDI,

37
NLs, and RAN 3, including lipid structural characteristics, biological sources, and mechanism in their responds to temperature. The development
history, basic principles, application status, and limitations of each index are also elucidated. Multi-index combination is believed necessary and
recommended for reliable reconstruction of paleotemperature, which is significant for the progress of paleoclimate study.
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Fig.1 Structures of long-chain alkenones (a) and representative chromatograms showing distribution of long-chain alkenones in cultures of

E. huxleyi grown at different temperatures(b)!'¥
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Table 1 Paleotemperature U§7 index (derived from long-chain alkenones) and the temperature calibration equations
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Table 2 Paleotemperature TEXg4 index (derived from iGDGTs) and the temperature calibration equations
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(intact ladderane phospholipids) Il & ¢ #% .0 JI§
(ladderane core lipids) . Fh&er% g 3 5% 5 4tk
BRI T e CHrp 3 43 T A iE Iy 2 i 5 — A4
WO BEAHE ), 38 3 o S DA Tk B R G B S H e
SN i 5 S0 BERR e W I Hh BB B A% O MR R P S R %
FE R, HOI B 2R Y sn-3 67 AR PR Sk 3t (B A Ik
ST | T T Tk BB R 98 I 86 H ), sn-1 037 AT 3% 4%
22 AN ] %) L A1 (LA Tk iR I8 =X 0% 4 i e 6 L R o
SAE . BB BT R SRR b A ) 4, o B B i A
iR 25k ] 321 firoR o BRBERR T IZ A T B
TRV WA WEE . M kb X R IR TRV PR T
SE IR el pE s e g 1) A0 TR R LA A 9 Y R B
PR DL 35 A0 350 20 58 R 40 P 0 22 T 9 A B AR ST,
TE i R BE A9 b B WA A

B BERE R IE T IR A = A AL, Lk, IR
A= A AL JE T 1% % | ] ( Planctomycetes) , £, £
Candidatus Brocadia. Candidatus Anammoxoglobus.
Candidatus ~ Kuenenia. Candidatus ~ Scalindua.
Candidatus Jettenia 5 1~ J& ', H A 6] J& IR H A &
TR RS e iR B 2H 40 A B d 25 7T T 4 AR
KRR EALTH T 73 T A Y2t 58 K B, Candidatus
“ Candidatus B. fulgida” W) 16 %52 Jg Wi
iR & B JE Cy[51%5 ¥ 5 “ Candidatus K. stuttgar-
tiensis” . * Candidatus Scalindua” 0 % bt g 5 iR £ 22
I Coo[3] 445 AE 4 DR, Cig[5] 45 14 e AR 2 e
& 8, B A “ Candidatus Scalindua” 3% 3% W) & &
Cig[3] &5

FI AR B 45 v DR A 2 S A TR A A Y IR 1 TR
K, N=2.5°C AT vK 3] 85°C 1A TR Vg 3 IR 455 Hh AT RE
B ) EATM7% 3h . Rattray 25 F 2008 4R 4047 T
SCHE SR L A AR PR BT IR A A R A TR R R R S
g, & BL Cyol5] MR Wi R 1Y & & 5 IR B A IE 1,
Cg[5] i i B2 ) & 12 5 1 B iU L (&L 3b1) o g iy
PR 5 Y A2 6 7T B — < BB 2 M 9L (Homeo-
viscous adaptation) , H[J 2it 28 X2 & 1) 40 1% 206 i %o i
FEAS AT R ) RS BE ARk . T UL, Rattray 5542
T NLs $8%5(index of ladderane lipids with 5 cyclobutane
rings) > A0 B e s B < Bl TR B2 09 22 4k, T 0 H:
SRR U B S B el U 5 &R (3% 3-1. 3-2), 7E 12~
20°C Z [B] AR Ak 42 3, AE X N IR EE 22 4h NLs A P
REAS B AEfL . B )5 Rattray 2870 97K T WF 5% IR
FEJU L, 45 T8 IE 0 U B A R R (32 3-3)

. . ”
A. propionicus’ .
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Fig.3 Structures of ladderane fatty acids (FA: fatty acid) (a) and representative chromatograms showing distribution of

ladderane fatty acids in cultures of Candidatus B. fulgida grown at different temperatures(b)'*
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Table 3 Paleotemperature NLs (ladderane lipids) index and the tempreature calibrations equations

Bekehe iR i
5 izt 23 FERE X S 3R
_ Cao[SIFA R
1 NLs NLS_CIS[S]FA+C20[5]FA KR [70]
BEREAR
FE SRR 25 & G B3 ” brEiR 22 EE BN
0.7
2 NLs:0~2+@ 2~40°C 157 0.92 - [70]
BSReuh . WP IOR A MU R E TR 60_7'
3 NLs:0~2+@ 2~65C 121 0.85 - [71]
€ K

fd1 H NLs 0] LUB 2 DUFR A Th B e i 4 >k L, B
ok A TR DR 2 K AR I s AR X FE A B TR ) IR
AR o X VL O A — S I S AR 2 s T i L, an
5% U 7 7 M 2R E UURR Y NLs A 0.72199, X 1 v B
200 15°C, BRI & T Y R 2 DU IR (6°C),
DR b 00 sk 6 A6 e g 17 32 AR W 0 TR B, R
VR T RO B0 L JRAKR . 28U, rh S VT F B
AT 7R I LR o NLs 38 400 0.54~0.89, XiF 1/ (1)
TRE R 15.9~23.3°C, ) I 2 16 /K 10 47 1 18 B
(12~ 17°C) ", iy e A 0 PG 350 K i 42 i 33 TR
b NLg 48 b5 B0 0.11~0.22 WA (R, 2 38 Tt B 1
10°C LAF, 5EAEZE KR EE (2.5~10C) W) &, K
b, 1% XA BE R T R R R T TR SR A = o,

SRt 25 A 5 B TR, B9 3 1 40 K B ot B
TSN —EREE LB AN R
M), Q08 IR ER U A MLBR M BE UL KR R A

UV AR L AR A A R T Y D (12~
20°C), A HEAR o v A 3L T A s I I R i 4 1
Jo B AR AR, [ I NLs F BE 22 [ 1) 5 & 9 %
AR L T8 AR — RE A AEAR S A R T, L BE R
FESAR T I . FRR Sk 2 Ui IR i s A 2
109.5°, FIIE B (14 B A1 i 2 40K, B0 09 58 5 Pl
25, BRBENR IR T BEr) N F1 2 90°, I B BLAT i HE 5K
T30, BB RE , H G AL n] RE £ U A B Bk
A=A, DN RZ WA NLs (5 A9 HERRVE . LAk, B be iR
FHXT X CR AT, A 585 DY 20 i BT s i) )L ) il P
AT A

4 RKBEbeEE BRI IR bR LDI

TEMR TR, BRI BRI B . GDGTs 25 I
Bl 3] 2 Ab, i ot B R R PR DU R UL
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1 — KRR WAL & W . Z G Y 5 iR 5
TR0 TR IS, A0 RN AR S ) SRR K B e AR TR
(Long-chain alkyl diols, LCDs), J&—F i C, {3 fil
] 5 (Cy1-C o) 7 2 A 2 JE JE 1A 9 4K Joe R 4% 20 B 1Y
Re AL A WU, AN AL A W N K R BE A
A b AU A6 G W, BT 2 145 A an 18] 42 B
o il A @S- U HR (GC-MS) A6 < 5%
P KL TWE, H AT RS 2 = AT GC-MS,
A ) A5 = A 9 B 4 A (SIMD) 5 22 s 9 4
(MRM) F§ Ffr, MRM #5% X 12 9 2 15 - e % R BR K
T, BRGS0, DU B AR I 4 Y
5518t 25 4 ey, R s i A I ) T Sl A
RAFA BB, KA b TR R LT R
DU ), B 52 56 % 1% 77 VT A 0 A 0 R T
TE 4 BRI [P A 2 B 1 1 R K P 55 o 3t A 1
B TIZYT ., TEIFEIREE H FEAEAE Cog Fll C301,13-
diols, C,g Fll Csy 1,14-diols LA Kz Cyy Fl Cs,1,15-diols
X6 A b 5L Tl RIS R R, K e A
B2 A SR . B IR A B A ER UIM
K, PUCHAE = L b 2B 7 sl rh B H S

e B TRE AR ORI A 2, B i A
1,14-diols K8 T Proboscia ik ¥ M Apedinella radians
SEHEEE, WA RGP 1,13 A 1,15-diols Ok W T HHR
J%E . Volkman 255U X EHR &5 % Nannochloropsis 1t
TS =R 38, MH R T Cy0-Cs, 1,15-diols, $2

T TR MR SRR O K A o R T A ok VR Y T e
PR BIG, ZEIR K LR s Y 35 55 50 56 v o A6 I 3]
T 1,13 Fl 1,15-diols™ . T 3% 7% 52 50 v WL %8 21 Y
e il g I 5 U 9 AR A R G K B e I TR
A ASTA Y FCHR 508 B T IR KRB, M7
rh S B AR, PRI, TR VE BREE P 1,13 1 1,15-diols
(1) A 40 R VR ¥ TG 1 2 18, RO A TR i — B i
fITEAR B 5K U8 . Sinninghe Damsté: & X |- T
Tt XA A o B TR A T R AR R R AT
KB Proboscia FE#E & Cog Fl Cyg 1,14-diols i) FEL A=
W) & P, Rampen 55 B 7 Apedinella radians 57 #f
FEHR WA I T Chgso 1,14-diols, 1% 4 B 32 B AFAE
T A AU KR ETHRIX .

Rampen 48 F 2012 45 X%F K VPG 209 >R 2T
TR R i 0 K i Joe L 55 SST AT AH S 14 43 #T,
RIAE-3~27°C (AR R B ) JE I, SST 5 R
TR HR B Cog FlI Cyq 1,13-diols Fl Cyq 1,15-diol = Ff
&Y Z AF AR A2t o6 &, Hob, i
A5 SST 2 MAHK, 5345 SST Wb AH 2 (1 4b) .
TE L SEA b, Mg T K A% T RE 45 % LDI( Long chain
Diol Index, % 4), Jf- #1577 LDI 5 SST A% 5% # PR %X
(£ 4-2), HEmRIEVTR KM, 4 SST>27C i, #
£ KF 30°C B, LDI A 28230 i KA 197, 10 B e
SRR OC R B, 2 C . [k Yang SR
2020 FFEHCHE T LDI 5 SST WY pRELKE &R (% 4-3),

2 OH
HO/\/\/\/\/\/\)\/\/\/\/\/\/\/\
Cyl,13-diol
HO/\/\/\/\/\/\/\)\/\/\/\/\/\/\/\
oH Cyol,15-diol
HO/\/\/\/\/\/\)\/\/\/\/\/\/\/\/\
Cyol,13-diol
" T .
b Cyl,15-diol it ! Cyl,15-diol o
23.2°C i 27°C
|
] |
I
. |
" Cyl,13-diol I Cyl,13-diol
p- I
4"__<, I
= I
z i
Cyl,15-diol : Cyol, 15-diol
i A
|
{5 8 15} i) —> R B I ) —>

Kl 4 KEEpEHE T4 T 4549 (a) BN AR B R I v DT AR AL i B e i R AR B 1 (b, m/z313: Cyl,13 =
BE. Cyl,15 ZEE, m/z341: Ci 1,13 )
a % A [35], b R R FEIE

Fig.4 Structures of long-chain alkyl diols (a) and representative chromatograms showing distribution of long-chain alkyl diols in marine

sedimentary sample at different temperatures (m/z 313:Cx1, 13-diol, C541,15-diol, m/z341:C5,1, 13-diol) (b)

a is modified after[35], and b is from unpublished data.
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Table 4 Paleotemperature LDI (long chain diol index) and the calibration equations

Kb R R

R EEELAN AR FRRE X P
1 LD LbI= ng1,13-diol+gjzi:l§:3;§:+c3o1,15-diol HWKRRRE [80]
BEREAR

TP SV AR & Ve ERTEAY 7 iR S5 30k
2 KPP E TR LDI=0.0337 +0.095 —3~27C 162 0.969 2.0 [80]
3 e 7=52.99-26.58xLDI >27C 79 0.69 - [88]
4 IRRAER 2V LDI=0.03257 +0.1082 —-3.3~274C 514 0.88 3.0 [89]

PLIE FH T 30 AR S D0 v 22 3 B >27 °C I R o Ak,
KT LDI 2 5% BIIR K i AN Proboscia T 5 1) 52 1],
De Bar %™ & 1E T LDI 45 SST WA IE A (K 4-4),
B Y PR S YO S, L) I R X A
KR 52, {0 KA LA BF5E X B LDI 5 4R 3
SST #H PR 22, ELARJE K H 17 i A3 2, i 455X
AR HERZELK(3C) .

SRS X A0 A 3 VAT T U0 %) T AR R R
1L LA Hl 5T P 35 v X DA R fid, LDI 48 b € 9k
Pz Tl AR AR A TR, X R NI
ST DA G KV R AR X T R v
LDI FINUK B Fh g b, o 2 T 10 53 1+ AL 3
LDI 45475 AT LA G- b, 76 8 O PG A AT 18y oy Ji 3 1000,
BAR b IX 4 LDI 5 b5 5 20 K 3R)Z L 5 SST
JLT-— 3%, [5] B AR 4 Hbic 5% T ENSO 31 gh 4 #,
UL LDI J& 5 & b FHif X SST By A3 548 Frl. 1t
A, LDI 78 $& A4~ DU 28 B iF 53 o A0 EL AT AR G A 8 7,
WA R Y AR R 0 1A . b 3 P R N VA RS L
B VR o g v S RN R 1

5 M K B o e AR RN A A B R R OR RO
T EE, IR A A AR AL R O L S A — R
SN LD S8 45 SR i it . A, Bl e Bk —
W AN S 1 AR ok R EE B 2 M R K . Rampen
A %k 62 AN 1 I 9 LD A7 K6 56, & B LDI 5
SST A4 AH JC M 55 (1°=0.33), 7] 8 K Ry 7 [ 391 3F 1
B HR e AN [R] S SO B ot ik U A A A
[ 4 LN = oy NS R W S R 38 =
F= BE IR K EHR A 1,13-F0 1,15-diols Y i1 Al 2 fff
LDI J 78 25 S fi B TR A vk 5 BRI 00 SR PG v
30, LDI &5 SST M1 S& Mt 42 55, #F 5% & B, BL 3t
R 1Z Y Proboscia it i J& 12 M X 1,13 F1 1,15-diols
) EE A YR U A T, [ LDI S i 9 SST s
AT REAFAE DX Il 22 S, 491040, 78 ORI 2R e # TF

S, LI IR I F5057 5 47 I 0 T 920 46 K
J. (ELE DR, LDI T 0 B T %
[t 72 H L 3 1 7 X, LDI A 22 Y SST R
UFMUAR R T AT,

5 FEELDUBEBEAS IR RS bR RI-OH

Wil 5 VA 0 3% - S R ) R R, ok i £
GDGTs W AL-& W B UM, SR 37 9 S48 b 1) 1 7 2
MR S RO 3 - B R (HPLC-MS)
AT ARSI PR S 2 57 I — M GDGTs(hydroxylated
isoprenoid GDGTs, OH-GDGTs) , 2009 4F, Lipp 55"
TR AE I I R R 2 DURR AR S rb ks DU 3 5
BT Liu 2509 5 5 T OH-GDGTs HY 25+, EN7E B
0—2 /N FLICFR i iGDGTs By ki ke S i | T
1—2 AN (F 52)™), WF52 £ B, OH-GDGTs J iz
A TR, BAAE R A YR B0 77 .

AU Fi 2 v 2 DR iIGDGTs
F1 OH-GDGTs Z ] /) 1EAH G M R B, B A1 nl s A 4
) 04y PR R R o 0T R R P Al B L1l
A HGE ) T B Y B B OH-GDGTs, AT 7 74
AT BE 7= A4 OH-GDGTs!", [A] Bt AN B HE B H At SR
W Tl 6 P OH-GDGTs Y 7 7 51 ik,
I, TR A 1Y 2 R 45 2 B0 OH-GDGTs A= 4 2K U5
%, AN, BT &I L3 OH-GDGTs I & 15
1%, 0 H A g A7 b o b S i A T B9 288 Groupl.1b
Jo 4 i OH-GDGTs!',,

Huguet 55 "V & 3 16 V¢ % )2 U0 L 9 ' OH-
GDGTs [ AH T 3= B i 26 85 19 184 I iy 384 o, 7 =5 £ %€
S 3 UL W ok N IE R R E Sy Y W (A TE NP
P . Fietz 25 % Bl OH-GDGTs H fi L ¥ 1§ i 5
AR DX R AR DX T I RS EE (1] Sb), PRGN R 2R G %K
AT LAAE R 38 7R S AR XA X R A AR 48 s .
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LaE 0 F 2015 4R 58 T 54 A4~ o I g 22 Ui
YIFE i OH-GDGTs 143 41 - B2, #8 T Fh b 4e %k
RI-OH( the ring index of OH-GDGTs) N H: il J& £ &
230, 31N RI-OH 7] i Fa8kig i (% 5) . (1
1 F W% M RE & b Bk = OH-GDGT-2, 5 33 T Fietz
ZE ARG T ) RI-OH {0 1, NI Lu5 83T
T RI-OH, ¢ b #¢ 5 b £ & %8 %5 19 OH-GDGT-
0 44 A (RI-OH"), Jf % 57. T RI-OH'S SST (1) 4
KM FR(ES) . B <15°C i}, RI-OH'-SST ()
YA M i (BR 25/, 1T S I EE > 15°C B), RI-OH-

SST FhAERA I T 5

i T+ 4 OH-GDGTs Y & &8 5%, A tk, RI-
OH F8 b7 1] A3 &L UK A T 5 1 3 by i 5 i AT 40
S 3R A KO AR A A G 25 1Y [ A, ik O
o Vg K IR B B — W AR H 28 A5 . RI-OH 48 4
REY RN R RS 7S UL I T NS B ST E> S(TUN
B PR off 3 R e 10l v ) S5 i Y o R
JEE

IR L BE A1, RI-OH 48 bl 32 Bl I g AU 225
PEAE R0 S5 H A 2R A RZ 0, S IR ML S TEXge 28
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Fig.5 Structures of OH-GDGTs (a) and representative chromatograms showing distribution of OH-GDGTs in marine sedimentary sample
at different temperatures (b)
a is modified after [35], and b is from unpublished data.
*5 RENBERELTEERT (RIOD) REEREAR
Table 5 Paleotemperature RI-OH indices derived from OH-GDGTs and the tempreature calibration equations
FREE VUKL i o IR E T AR
e AR FRRE X R BTN
1 o RO eR
3 ==l
5 RLol . [OH-GDGT-1]+2x [OH-GDGT-2] G (1071
) [OH-GDGT-0]+[OH-GDGT-1]+[OH-GDGT-2]
BEEREAR
T R E AR T G AL ” PRAEIRZE SR
3 b [E R VR 2 YR RI-OH=0.0287+0.92 14.1~272°C 54 0.81 2.0
4 RI-OH=0.0187%1.11 0.74 - [107]
EERRFER VI -1.5~28.8C 107
5 RI-OH’=0.03827+0.1 0.75 -
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o, SO RS o (B 1 R0 02, 76 T 96 DX 38 1
YW, BT 25°C B RI-OH 5 iR E R AM %, 52
AR 9 45 SR A R U, X 5B OH-GDGTs X i (1)
i) 1o ML AR 2 4%, H R S B, BT LLE TC Ik
RI-OH f9 4EkidE 1 -

6 3-FILAENTIRIEEF5FF RAN ;

3-¥2 3L IR I % ( 3-hydroxy fatty acids, 3-OH-FAs)
Y R A58 22 A48 An i A 55 A WI W4, fe i F B A
W7 A A - R (GC-MS) o 3-F Al
IR AR B-Fa BENR R, A2 =2 TGRS - B
LRI E R, 10—18 4 CJR T, IR &
FRIEIE = AN BRI (B 62) ", 43R
1EA4 (normal) | 544 (iso) Fl 5 5 44 (anteiso) = F1 2
A LAY 3-02 KL A I IR G Aok TR PR O e B b
Rt 451, FE 2 R TR BT h R AF 52 0 o A PR
rh i 2 TG R A TR ) A s AR, 3R IR TR )
DAPTE TR A LT, Wi L AT . TR T,
L,

C10-Cig 3-FR IR TR 32 SR U5 T 35 == [RBA TR TR
AR T TR A L IR TR A
HE 16S rRNA S Fp R W, 721 1KF |, 2R 7
# VL2 JE T ( Proteobacteria) (£ 94%) & &, W11A 4
7= L A5 JE B ( Proteobacteria) ( 2 55%) . L FF &
( Bacteroidia) ( £ 14%) F1 4% 25 B ( Chloroflexi) ( £
10%) A 3, 4 58 A= 7= & UL 28 J¥ T ( Proteobacteria)
(£ 51%) FIER AT 4 ( Acidobacteria) (£ 24%) A & 7

£ N O SNRE S U A N N R T 8
TV P AT RE S oAy IR TR, YA AT B B-L y-s
LI, TP T REE o-. B-. y-. SR JE B 111,
AWFRFRM, C1-Cg 3-F2 5L MR i R IA 7T fig R IR T 5
22 [CRAMERLAT T, DRACH JE IR A A, fasel™
WA TR U, 3-8 R D R Y A ) R TR 2 A i AN
B, AR T BT e R TAE, A4 35 5% 50 50 st
& 53 M, LA S il b R0 K AR BR55 v i) 3-8 LA D 2
() HERf A= AR5

Wang 55X i 4 B 1) 26 A~ 1 EAE 5 1 72 5
AERERE AT 5347, 0T T 43 302 25 i M 18 A %o 4
AL o A8 IR Hh (% S AT LA i 446 g A
() ik 2 PR FE A P, A T A A YRR Y pH A g,
SCHENR 7R L ] 25 BE pH TH e 100 3G 0, i T AR Y
F W T 3285 H (branching ratio) 8 #5 (3£ 6-9) . 1%
fetn 5 L5 pH B8 BOC R (R 6), HEWSIR. 4
50 RN - R TG W B A DG, R — ST il
sk pH (BRI FE bR . LK pH oA ot Wk B2 %) 1 X450, T
PLBE T 23 32 H By 070 B——RIAN #6545 (3R 6) ,
5 pHZ R LML R (3R 6-10) o B SCHE LI
RIAN #b, WF 5838 2 LT WA~ 5 + 58 pH AH 3¢ 19 45
bi: LHEFE B RINCEE 6-11, 6-12), Hirh S 4 H5 50
{8 PR 5E 76 0~ 12 [ (32 B b Al RIAN JE 5t ), i
RIN $8 b5 A 5 S0 € S S W 2. T =1
JIE 7 1R L TE AR i 7 R A S ARG AR 45 i, B BEAE AR IR 2%
AT T 40 L P DR R A e 0 3 B A TR B T e R
Cys Fll Cy7 3-F2 5L N5 105 W2 [A] 22 W) (%) I S 40 1E A L 5
A S 1413 15 (mean annual temperature, MAT) &2 i 3

O OH
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Fig.6 Structures of 3-hydroxy fatty acids (a) and representative chromatograms showing distribution of 3-hydroxy fatty acids in marine

sedimentary sample at different temperatures (b)!
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Table 6 The 3-OH-FAs index, and paleotemperature and pH calibration equations
3BTRS
5 Eizg AR =9 EE BTN
1 HEH b=
2 RIAN RIAN=-g(C ¥ Lt)
pH [114]
3 SR S = L
4 RIN RIN={
—2Cs
5 RAN;;5 RANis=3z3
6 RANj7 RAN =3l KA TR [114]
7 RIN}; RIN 7=l [119]
8 RANi3 RANj5=5cld HKR R IE [120]
(R SV AR I G EAIT ” WHERZE S
9 S LE=0. 06 X ¢0- 28> 0.76 -
10 pH=11.10-10.00xRIAN 0.70 0.54
4.49~7.98
11 pH=0.60+20.00x 37 445 %k 0.70 0.54
FLY o 26 [114]
12 pH=2.63+12.50xRIN 0.67 0.56
13 MAT=23.03-3.03xRAN 5 0.51 2.6
1.9~14.7C
14 MAT=26.36-9.09xRAN ; 0.48 2.7
15 Majellall) +-15 MAT=13.54-1.94xRAN 0.2~14.1C 11 0.52 29
16 Rungwelli +1f MAT=30.50-3.19xRAN;s  14.3~25.7C 28 0.52 1.6 [124]
17 HhACSE . Majellaili. Rungwetl] 135 MAT=25.74-7.38xRAN;, 0.2~25.7C 65 0.60 5.1
18 AR BT T=375-047RAN 3 1.3~28.1C 45 0.92 2.55 [120]
19 R LB v K T MAT=30.20-2.86>RIN|7 49~17C 24 0.65 2.6 [119]

E: NfURIEN, ViR, AR

A6, BT, & LT RANs #ll RAN,( the ratio of
anteiso to normal) (3 6), ‘& 11745 B 26 AH 5 (5 6-
13, 6-14), Hl 57 F pH. Huguet %14 43 5| 22 T
PG AR AT B e TV 3B Rungwe L1 AT
KA R Majellalll i)+ SERE & b 3-58 3L 6 1 12 1)
R B RRAE, 45 SRR, R 22 IR M T AR TR
o5 B HE B AR Ak i B 5 =CAH R, H RAN s I
MAT Z 8] (A G PEfE R B LA B 3% 22 57, K
RAN, 5 7] RE 75 BL A7 X IR o (36 6-15, 6-16) . 5
RAN, s # i, RAN,; Al MAT 2 [] f9 48 1 #1015
B ] LA R # R B2 Majella 111 . Rungwe 111 Af 5 2 57
— G — A A HE( 6) o Pierre 25 FH] 168 4~
BRI R T B R A et T, B
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