69k 1M
202341 H o Jan .

moowe iF GEOLOGICAL REVIEW

WHstETFREAMKFEHE MR
SHNLPRIER
B0, 38089, TH% TEK

AEHORAEHER G 23 B2 B, 67 ) R D AL s v A S 3, b AT, 100871

MFRE : MR AR 25— PR 5 iU A ML S (5 A L) A 5 B e A U ) ALK S TN I
TR, R HER b AR AR S R A R DG TR A e T SRR SR BE EOR IR, IE R T
Yrler T RER R fEAR E IR G N T A AL T R A LS Hob o SR AR B ALK B RE A 1O
LT RERE, i TR & LR S O WD R T RE B, N AN BE B IR I CO, 70 W R 5 , 3 T A A L Al A= iy S i
VIR A, E A BRI R S8 P AR B AR BT i A/ 1 3R 3 B — R AR S e W I B st O IR
SR CN U7/ PI T I TR AR SO EN VAND,E - N oy B o s W T L V2 D e S GIVANIEE = 7/ B e X (DR IS AT
Mn, CaOy 757K 7 S A2 v 7 A JR A PGS AR LK SRR AT A 281 v TE] 0, St Bk B 300 W 5™ vh /K B 007 T R A1

Vol. 69 No. 1
,2023

HETHRFE Mn, CaO5 5AEWDCEERIREIR St L, TP IR SR 0 2E A IR A ) BT 14 5 m A 1 P 4 g ik
IR, AT M RE e M BRI A AR IR S A R B TR AR

SRR R R R DR T RE R

Hi BRI A i (0 A VR 5 T A — L KRR
W2 — Ok 2 A FE IR SE , KRB 1) % £
IR A A R YR S AR B T S AR R
BRI A AT A VLI G RS IR R T =
KHEEMVEM,

BRI A A YR A B 18 A AR A A B B
Be 5 L A AT B R BRI AR A 3 B ) i R
(Martin, 2011) . HuERF W AEam IR — 2 &S
B BRI A PSP, X 28 /N or A WL 2 0 A
i ) e BEAR Y T, A AT B DI %) A i AR R B S 1 SR AR
WA R R LE A BT R IR I, A A JR T T
FEA W) R U A 05, B L Oparin ( 1924) #01
Haldane (1929) $2 i B9 “ 5 451 7 Ut , 2\ R Ji 46 H
BRACA R T e A T L) TCHL TR 21 52 A A L 55
T A B, FEAS & ) R A3 3 oK fH
JeAE AT LA B LA I IR R
(1967) $ H A R 3 AN B BEFEIE . A 1y BAiA 1)
EIR AW RSB TR LA K 315 20 i ) e A
R Jl A= A BLAAR T AT BIL/ N R R R T B B B
S, FE52 F A B R T AR A ) T Yy Ak
IR AR A ST, BRI — A AT R AH O 80 8 Y

Bernal

AR IR AR B I B AR S OL AR AR IR

PSP, o ) o AR fin ke PR B A W B 1
J R 2 1% B A T I A S R BN -5 . Cairns-
Smith (1982) $ H B, A= Ak I S 2= A HL o+
JETERERRER SR F3Z M £, Ferris (2005)
IFSEIE 552 52 i A7 TE/K W AL A IR RNA JE 1,
X5 TWF R L4 | 25 0 WAl Ke T Lo i
A A HL 4> T ( Ferris, 2005; Lambert et al. |
2008; Cleaves et al. , 2012) , JFAR A LT T2
iR SR A RE S 1T 88 437 ( Scappini et al. , 2004) , if
A58 B o 15 B B 46 40 il #8559 ( Hanezye et
al. , 2003) %%, Wichtershiuser ( 1988) & H #4ks”
77 A AR D AR ) T T — i R AR L P
B B CO, AAEMLSTF . Russell 1 Hall (1997)
$EHi (Fe,Ni),S, Z5HIWE M. 2 THMA K
Al ser it B AR B A (H,) i BRI A A
B A= e (CH, ) 31X — A= iR YRR AR ) o Ji Ay 22 it
WFT 210 (Sleep, 2004; Ménez, 2020) ., M2, 5 )
AR SO ) ARG ASEAS G 37 BT A5 i R A= At
PR ALY BIE S B 2R R A6 A Y A A7 5
AL

1T, b 3k L 0T i A= i 1y Jo 5 F80 R 7 A RE 1R

T AR K A AR B4 d SR B H (45 :41820104003 Fi1 42192502) FY 2R
W R F 91 :2022-06-09 5 ik 71 H 48 . 2022-09-10; %% 1 & :2022-10-20 ; AL 4 . XIZETR . Doi: 10. 16509/j. georeview. 2022. 10. 021
FEE T B, 55,1962 A4 L 80, FEMNFEAEET Y2 507 Y06 F B 25T ; Email: ahlu@ pku. edu. en,



EL A DG R A R AR Al U A T PR 235

ot T

ey fhr
K L]
BreEN
Fe*'=Fe''+ B
Mn''=Mn'+ (¢

$™>80,"+ 8¢l

B 1 AR PR BDET Pt T HoT R Hr
HL T BB (B MRS, 2018)
Fig. 1 Solar photon and mineral photoelectron and element

valence electron from nature (Lu Anhuai et al. , 2018&)
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Fig. 2 Schematic model showing the topmost layer of Earth’ s semiconducting mineral membrane together with PSII for harvesting

Bk

and transforming solar energy (Lu Anhuai et al. , 2019&)
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Fig. 3 Schematic illustration on the Mn( IV/Ill/ Il ) compositions of birnessite in mineral membrane

from varied environments on Erath’s surface
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(a) Soil cutan with birnessite reduction by soil organics under acidic condition, during which Mn(1V) is reduced to Mn( I/ 11 ) ;

(b) Karst mineral coating with limited reduction of birnessite by the flushing effect of rainfall, easily dissolving out structural Mn

(/1) ; (¢) Rock varnish wiith limited birnessite reduction and less structural Mn( I/ II ) under alkaline and organics-starved

condition
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Fig. 4 Photoelectric measurement results of mineral membrane (Lu Anhuai et al. , 2019)
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(a) Schematic diagram of in situ photoelectronic measurement on a rock varnish sample; (b) Photocurrent and EDX micromapping of Fe-rich and

Mn-rich varnish samples ( the mapping region corresponds to the area marked by the black dashed line in (a)); (c¢) Photocurrent time curves

collected from varnish samples and recorded at a selected bias or light intensity; (d) Good linear relationships between photocurrents collected from

varnish samples and light intensity; (e) Photocurrent time behavior of electrodes fabricated by mineral coating powders from red soil and karst rock
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Fig. 5 Reduction of carbon dioxide to formic acid by natural sulfur photoelectron of semiconductor minerals

in modern surface hot springs (Li Yanzhang et al. , 2020)
(a) ZFE I iRt L EAR FLARAT 5 (b) ARG SARREIRSE Y ; (o) FLARBIDLAEILIE)E CO, TR HCOOH Y 73F-HLii ;
(d) ASRGEAE T HbER B Hb PSR b Xt HCOOH fie KR B At T 5 5 R 38

(a) The occurrence of native sulfur in terrestrial hot springs of Tengchong, China; (b) Band structure model of semiconducting

native sulfur; (c¢) Schematic of photocatalytic molecular mechanism for CO, reduction to HCOOH; (d) Cumulative yields of

HCOOH in primitive terrestrial hot springs to Earth’ s surface and its factors
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Fig. 6 Schematic diagram of early Earth surface environment and mineral photoelectron conversion

of carbon dioxide organic matter
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Table 1 The half reaction potential of carbon dioxide and

sulfur components( from Zhang Xiang et al. , 2007)

ek LR EY s
(V vs. NHE)
Dys+e” =ecn(zus) -1.04
2C0,(g)+2¢”=(CO07), -0.63
CO,(g) +H* +2¢” =HCOO™ -0.31
S0,% +2¢”+2H" =80, +H,0 -0.10
CO,(g)+4H* +4e” =HCHO (aq) +H,0 -0.071
S(s)+2e +2H" =H,S(aq) -0.053
2H*+2¢” =H, 0. 00
CO,(g) +8H" +8e” =CH,(g) +2H,0 0.017
2C0,(g)+7H, +8¢” =CH,CO0™ +2H,0 0.075
280,% +8e”+10H"* =S,0,% +5H,0 0.29
S0,% +8e+10H* =H,S(aq) +4H,0 0.30
S0,% +6e +8H" =S(s) +4H,0 0.36
Hyg(zs) te =Bz, 2.56

FEHL TR WTA S A i S AT AL, Ol R R A
AR A P A RS AR L B i e A S R R 4
BT AT REAYIE 42 (Lu Anhuai et al. |, 2013, 2014; &
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Fig. 7 Structural and functional comparison for the Mn,CaO; in natural v. s.

artificial photosynthesis systems (from Zhang Chunxi et al. , 2015)
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T, \ ("/‘{’/7—\‘.
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HAE LY G LS R A R
B HL RE 5 Tk 2% BE ( Maurel and
Leclerc, 2016; Sakimoto et al. ,
2016) , 7] REBK B 1 i A= i e I8
bR AR, TR R A A i
i b, XF T 5 20 i 2 A AR
K AP K BE O 58 815, AT
i RAR IR X —
A FH T R AT A4 A, DA T e 4
XoF Jir s 240 L 9 458 3 ( Mulkidjanian
et al. , 2012) , 1IEf&H T ¥¢
ML AR A AR E iR AR S
BN AT 7 T EAT L
REfe LR F Lt R R IR, 079
XL T S L R A LA KR
T AR I U DR P R 15 5 T
SEVEAE T, 2 i Y5 R 7 30 v
AR CEE 25 (Lu Anhuai et al. |
2013, 2014; &% 2014h)
PRI, 7 b R 7 400 A4 i e P55
I RE R R BRI RE B A IUE Y O T LA S R
M 2 HAEM .

3 HEAMRCT YR R A

A EHEIE 5L

FI AR L v A W 6 A A FH BRI A FH R 7 7K A
CO, FE4 N E SRR KA G W AR, 2 Bk - fe
HEMRER MY e . KA EHEY)
e A v S A S 2R A B ARG A, S
R, R ikrh & A2 5 R T WL T RE
RS R AR T BTG T RDEES 70,
HL T3 A A WA oY H - s e 2R 0 58 AR Al
RERY I W 5 R, ZE 2R IR N MIDE R 4 1
(PSIT) H &A= A G HIR 3 () 7K S48 I e A4
FHIE Sk AN W7 b K R B - RS 7, 7 A 1 4R
SRR KA, AR PSIL A FRE 1Y 45
(7)) KR 0 (OEC) I D E R EA
44 Mn BT 1A Ca B 7, EA @ 54 p-0 %
LA FRAY Mn, CaO4 AL A4 (Suga et al. |
2015) . WREAII G A 2540 AR AL M AR 2 S5 2B W)
OEC 25 Bl i A T. Mn,CaO %% % 1L & ¥ ( Zhang
Chunxi et al. , 2015) ,

,WWMWK_
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Mn(II) 0% | jiilseebens / Mn(I1I/1V)

RBGK R
- 4 8 10 12

6
kIA-
EXAESX Fafthrpty (B S4857 % ()

8 #if&[ Mn,0,L, ] * SeMAbr=Aad B2 th UK SN EGB #AH ( Hocking et al. , 2011)
Fig. 8 Birnessite phases produced in the [ Mn,0,L,]" catalytic oxygen-evolving process( Hocking et al. , 2011)
(a) FRAE[ Mn,0,L, ] DCAEA ™ A ; (b) SCHEAPERT™ ¥ EXAFS F3G4EE LU

(a) The photocatalytic oxygen-evolving process of [ Mn,0,L¢]" cluster; (b) The comparison of

extended X-ray absorption fine structure (EXAFS) spectra of Mn-bearing cluster and different Mn oxides.

IKEA R A5 g A rh K 2L A A AR b O B R
Mn, CaO4 f& WITE o> A5 # b AT — & 1A B
PE, S5APDEEE PSIL P4 LA T E DR
PSR FR AR, K B R AT D' Ak LS K S v v
B A LA AL & S Z WA EA, Horh 254 v Mn (I,
V) & 7 5K By A A B 0 #H 5K ( Wiechen et al.
2012; Gorlin et al. , 2013; Frey et al. , 2014) ., 7K4%H
B Mn (1) %046 A Mo (V) B 8 ) 2546 i 48
e 05 i — LR Mo (IV) 58 M (1) B,
07 FnF#E %L~ O, M=% ( Yang Jingxiu et al.
2015) , KERFE[ Mn, 0, L, ] L EA G AL )™ A
FH 6 H G A A B F 8] 7 Min T8 3R B8 W WA %
S5 S Y T T e (Hocking et al. , 2011)
(E18), o4t B ARl [ Mn,O,L, 1" FEAL & P11
AR JEAEFIE T, AW A2 8 U T RE i S 0L
AYEH. TR R OC G M, 352 540 Bk
WEBEANE AN S 1E R, S AL B4 K ™ S 0 1
K Mn,CaO LAY, 5[ Mn, 0, L, | #E5A LY
ol B K 7 A FR 24T Mn (9 U ARE D S

SRR S5 AAE T R T OK B AT H DG
A BAERE

WD R G PSIL K AL ol o2
NP R —REAE A IR FH BB R &k 22 g /K 246,
L0 QA R W 7 X 1 e e A SRS 7/ A o )
T3 RS A i PR AR, A i T A A D 4 A i
RS, AL BRI M ERIDCEIENRS, &
T 30 2424808 Kb #2 , A A=Y & 1R
RGEHITE AL, BATAHIEAN R 2k b i
B AV E R W, BEHEAT ™ 20L B 1E 1Y
20 TR HG SR L i ARG S AR, B E AT
HuER LR AT BOE STk E R, © AW N
PIe ARG PSIL P AL 0 JE 2.5~3.5 Ga HiTH
20 e R AT R, T S 0 ARG A VR RS ER
U8, 5 4 BRI Y DT B A A AR DG 1
(Sauer and Yachandra, 2002) ,

Mn EALPEIR R T EROC A S B T A0
WL BB B, R 0TV o Mn®* 2 -
fAIE R Mn ALY, 7T BE 48 78 W6 40 DG 5 1E H
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REEIEATH T — 453818, Dismukes 55 i i $4
oy R IR A DG S RGUR IR TR #
Mn** 5 CO, £ F B ( Dismukes et al. , 2001) . A
RRHHRKI P KEWR CO, AT AL T 5T
R HCO; Wi, 8 K PR AL A PR 5T, Mn™
5 HCO; RBHETE AU IR 4 [ Mn,' (HCO,), ], # 1k
G, AR RO B AN A0 5 AR AN T P
FIVEHITT , 220t HEA VR i Ak A R A T K A bt
PSII £ & %) CaMn,O, ( HCO ), ( Dismukes et al.,
2001) . KA Ead A T Mn JTCR TS24, i A
BAE[ Mn, O, L | " AL YOG AL ™ 0 72 28K
ENER A 25 R PR T L= 4 1 R 5 4 (Hocking et
al. , 2011), Johnson %54 H Mn™ 4 A 7K S Ak 5 ]
IR 1) S R G f A il HGA BIK A
AR Mn (1) ,Mn (IV) 275 S, ( Johnson et al. |
2013) , NEEAMEDLEEHIZRSE PSIT Y Mo HLrL 5
SEAC BAR R AL A R SRR, H R Mn
(1) ,Mn( V)~ Mn,CaO, fb&H—&B4>, 5 K45
W B> RS H A —E AR . 2835 S5 AU
KR ZOCHEAL SE IR IS, W VR R 20 A0 )12 Y R4
WA AR A B BRA , FE BBk e il 2 B 20 A0
TE HOOEHAAET , l i 2 A A AR i 2525 Mn™
BT JEE M (IL/IV) S04, dmT = A 26
IKENEGA YIAH (Jung Haesung et al. |, 2021)

TR AR RIRE WK AR AT 1 e P17 0
SAEYEANE B Z B IR T R BRSOk
BT IR A ARG R R AE S5 AR I S R 1 S A
AR & A i B BAT Sl R T2 40, & Mo (1/
V') BOZK B ER XS 7K B AL 23 ik 2 op Mn JTR AN
SEHZACFE, SHEYEEVEM PSIL T Mn, CaO;
EhCER BRA I SIEH L R . DOKSAERD
AR RAIR A SR W0 K BHOGRERYFE AL 5 R
Tl RE e ARV P Z A0 BERI R GMAIE . K
R AR B BE KON, 5 W5 A0 DL B A T R G 1)
A REAEAEAE EALE IOLE . 7R R DR ST, Rl
HIGHE R “Mn” B F——Mn(II/IV) 84—
Mn,CaO, AL EY—— M BEDLEEM R 3
eI B (& 22 55, 2020) I 154 TR R AT JE £
FRHRDT

4 45ig

LI B LA Tz BB A ST 4 A
KEDETHAL e 7, SR A RF S RE R IR,
TER W T YOeH T RE R B0 TR AR E YR AR B i

N TR RA S, =R A SR
FRAL I BHRE =2 Y e L 1 REHE, e H AT & B e
YR T RE R AURE LA 5 CO, S TR
SFAPLYY , 38 n] REAE AL A 2R A S A ) o 0 B
DAt 9 SR8 0 AR BG4 BN J5U 6 Bk 2 i
AN TR A SR T — b Gl A kA, 1A
BT MR ) A BH BE e A FH B Lo s ok
AR Ak PR BEAC A SEEAE T . X ik TR Y]
UK PRI 27 AR SR 1 3ok B S8 A i DT 7 AR )
JoE T A BE R PR )L

TS ERR L R G B AEBDE B A £/ 1%
R — =T Y Pl s, Wk e
R R T2 2O R AR S B K AR B, FA B
A HCm R PERE, DR IR 7 A AL R
e RO, 7 057 56 B AR, AN I
PR TR, — BB MR A A R IS
PR AP VRO Mn, CaO4 122 K
PRI AR T AR O MESF AR SRR A R S5 A
A I B I oK SR AT n] BE 02 E AR
Mn, CaO, J5 R AEYDEEAE AR S, TR
AT M BT —— M (II/IV) E ALY —
Mn,CaO; FEALEY—— WA FEOL A1 R G (11
B, 28 5 6 Bk A S R A HLIE

MW= e B i) F BER R, JT I WDl L 7
RERTTT , JE MEGE R ) fi A2 RGP 1) 2
WHFE IR B P OCH T2 05Tt MOERY B 3h
PE—1 P LA HOE TS 27, 3 BDE AR TP —
L7/ e i i 2| b e S SR A D = I WA 7
S A S W R HTIBL
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The role of mineral photoelectron energy in the origin and
evolution of early life on the Earth
LU Anhuai, LI Yan, LI Yanzhang, DING Hongrui, WANG Changqiu

Beijing Key Laboratory of Mineral Environmental Function, School of Earth and Space Sciences,

Peking University, Betjing, 100871

Objectives: The first step in the origin of early life on the Earth was the synthesis of simple organic
compounds, but the energy source required for the synthesis of organic compounds has long plagued the academic
community. By introducing the photoelectric effect of semiconductor minerals widely existing on the Earth’s surface,
this paper focuses on the micro mechanism of the reduction of carbon dioxide to organic compounds by mineral
photoelectron energy, and puts forward that the semiconductor minerals on the early Earth provide a new direct
energy source for the synthesis of basic organic substances of the pre-life origin, so as to explain the important role
of mineral photoelectron energy in the origin and evolution of early life on the Earth.

Results & Conclusions: The abundant sulfide semiconductor minerals on the early Earth can convert solar
photons into photoelectrons and can provide a sustainable energy source. It is precisely because of the high
photoelectron energy of minerals that they have advantages in the non biological synthesis of small molecular
organics. The photoelectron energy generated by the conversion of natural sulfur of semiconductor minerals into
solar energy is the highest photoelectron energy of minerals found so far. It can not only directly reduce CO,
molecules to formic acid, but also catalyze the synthesis of other basic life substances. In the global terrestrial
system, the rock / soil surface exposed to sunlight is generally covered by a layer of " mineral membrane" made of
Fe- and Mn (oxyhydr)oxide. Under light, the " mineral membrane" of birnessite produces in-situ, sensitive and
long-term photocurrent, showing excellent photoelectric effect. The biological photosynthesis center Mn,CaOj
produces structural intermediates with composition and structure similar to birnessite in the process of cracked

aquatic oxygen. Birnessite in the "

mineral membrane" of the early Earth may have promoted the origin and
evolution of the cluster of Mn,CaO; and even the biological photosynthesis. The semiconductor minerals from early
Earth provided direct energy source for the synthesis of basic materials of the origin of life. Mineral photoelectron
energy played an important role in the origin and evolution of early Earth life.

Keywords : mineral membrane ; semiconductor minerals; photoelectron energy of minerals; synthesis of basic
substances of the origin of life; origin of Mn,CaO; and photosynthesis
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