m % " Ok A 5T
2022410 H U A

Pre-pub. online

Oct. ,2022

GEOLOGICAL REVIEW

Nl

Y NEFREAEMKEHEGER =
5 # 4kt (9 1E F "o

SRS R I M L

1922 ~ 2022
Pre-pub. on line: www.
geojournals.cn/georev

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

MBRE : MR arr 2 — PR 5 iU A ML S (E 5 AT B P ot e e A I ) ALK U PN 41 3
ARG, RIHER AR AL SR PR R B TR R e T SRS SR AR EOR IR, IESE th 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

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 MR IR R R B DR T RER

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
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2008 ; Cleaves et al. , 2012) , IR B I T2
iR SR A RE S 1T 88 437 ( Scappini et al. , 2004) , if
A5 L5 7 VE HIIE B 4 4 B 45 AL ( Hanczye et
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Fig. 1 Solar photon and mineral photoelectron and element

valence electron from nature (Lu Anhuai et al. , 2018&)

TR — HIRPE FARS =808 T Rk
2R RORIE ARG N FRT AL R
grater™ H, 55, ATs IR, HAR ST R 2%
LB A& R Ay Y E TRk Y,
B H TR MR IBOLEFRe 5, il S B8O
A H AR R GE B LR A
HLF, RIS R AP Pt s . FRATH & 4K
SR YL T RE I A AR A kR B TR = AT
ZMHETRERZ G —MEEEEEL (K1),
HARF R BT JT & e i 5 A ot 1 24
b BRFR T A B BE P X (B L5 ,2003,2013,
2014a,2018) .

FLI M e AR T2 R Y7 R BH OGRS
PR R e R, BFCUE SO HL TR R KRR
CO, NAHH(Lu Anhuai et al. | 2013, 2014; &%
A% 2014b; Li Yanzhang et al. , 2020) , A N4 -
WA AR R T S AR Y PR R S R R VR . IE
1 Sleep T8 1« M 5™ ¥ O HL - BE 1 R BT A0 A9 A=
bl bR P2 AR AL TS R (Sleep, 2018)

EHFE A BRI AAER R
IO, J AR T 0t L RE 1l i AR Ak
G AR RORHLE] , $2 B R0 kR SR8 )
AR A IR B A DL BT Y G AR A Y B RE
SEORIR, LA Y B T g 5 E M BR R A Ak

PR R SR A,
1 P AR 5 B SR A

1.1 MisR“w ¥RR” K& H 7= H 41
T [ P AL S BE RN YOI | 74 g 0 205 A R T AL
e S MR SOULH X, 2 WL AR R B R L
BE I B AR PHOG R 1925 A/ R IR T e — 2 &
RO B KB R 2 AL R B
KBECH YN IR i o R, 5
HAFXS B B BT TOK B0 oK AN A i T
RO R, 5 TR S B A SRR o A, L0
IR LA R (0 SR S EOHOR B R
K AT A0 KA WOR SRS E S Ak,
ST BAT IR A o B, TR )
SRBAA W T AR SR, s 2 4L, K
HrARE MR 2 L3 E A HOK . ARk
Rilidth R GE T DR BRI (1 4 A A 5 RO
(R EE ST X A ) A (Lu Anhuai et al., 2019) ,
A ARBRTTZ MO AT IR (B4R, 2019) (K 2),
B 3Z R T il 5 0 AR RK AR A H P30 R BE
B BT 43 A 0 B 52 B R B Y R R
MBI, 20 LB, SECA AR LG, R W)
Bl £IT R Ce WS ERRE R IL 12 f%5, “0 ¥
I ) Ce JURR T 2AE b T 6 B DR, A7 T /K 4k
Bz, BB B B XAEAE TOKENRe™ 2 A, Bl
UGBS T4 PE Ce (OH) | KR T F /K MR 0 2
P, HHT Ce s Mn FEATEA 12 20( %) (B Z 04,
2019) . 7EEEPEARFN AR+ 54 X VD BUE A g
A Ce JTLZE BYHRIE ( Thiagarajan and Lee, 2004 ;
Goldsmith et al. , 2014) , R “ B P I v GHEL
IR Ce FIRERIRD VKT TEOC ARG h R I
A — B, H AR OB R R R R R (e
BhW W) IR AR TE TR R A A 3R TRy Ik 4B
( Digregorio, 2001; Perry and Kolb, 2004; Lanza et
al. , 2012) . FIEA ABFFEE B SR R IR
BRI, OISR TR AT B iR ( Lanza
et al. , 2016; VanBommel et al. , 2022) , K5 kK B3
T ] BEAFELERY B IR 55 R BHOCHR S BB DI A%
Ry I bR S A 32O R IR R Y
IKEAERAT , AETE AN [F] Az 58 b HOKS 40 25 7 R 40 Mn
(V/IL/10) BB SF-2 Mn SEARBE  Min i1 Jey 3
LRBC A AR/ FLIE LS AHXS (7 He S AF AR 2 5%
KA Mo (IV/ L/ 1) L] 55735 Mn S840
LG pH AE R A HL S A G, 3R 3 AL
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Fig. 2 Schematic model showing the topmost layer of Earth’ s semiconducting mineral membrane together with PSII for harvesting

and transforming solar energy (Lu Anhuai et al. , 2019&)

TR, I H & & ZFh /Ny T A LR I 5 2
B BE T, JE IR R KR 2 T R AR SRS, A
A Mo (L 11) ,Mn S ALFEREAR (B 3a) . W HT
L DX K 78 A AT K e ) A A5 30 4 B )
JEE™ TR AR T ) ) 3, R 43 M 7 A2 Y Min
AR R KN ER BT, 1 R R A T840 1) Mn (V)
IR TN SR8 A WA R S BUK RS T s
TIEBGA SRS Mn (11 7T fE G5 6 J2 1 BT
B (E 3b) , RBENEALL TR B IR BT, HA
T AYUEZ KNS Mn (V) i J5 s 5
18 35 BT P S RIS Mn (T 1) FEK
1R B9 Mn SAAEE (] 3e) .
1.2 R“TWE"FHU KPHEEINEE

Lu Anhuai 4§ (2019) 43 5] AW 45 | 21 458 A1
BET 3 25 s BRI B A i ) B T AN, XoF
LD A3 B L H ma R PERE . SEIR oY 45 R R W
F£0. 1 M [ Na,SO, v Jiirf, #Mit 1 V(vs. SCE) FH
B EL S, £ M g AR R KORE 3 R AR SR T
JEE™ B T D' BRLG T  BE AR B R O LR, O
FELVAL 5 B 0 ) AT 3K 5. 11 pA/em® [ 5.65 wA/cm’® |
3.45 pA/em’ , BERGH T E AT IK 6.49x 10" C|
2.88x10" €,1.23x10" C, AR, N EALRR vk

WrRRRe S > XOBERE 5 > 2T HERE A T AL BRSO Bk
AR R B BORE DA KA e KA Sl
TR LA AR (<1 pA/em?®) . TR
WY, A SRA ST RARBRER A AW 0 W I A 3af
8 H DGR B RE Sy ik — 2B 4R R < IR /Y H O
WAL 5B A G e 2 BE O, 7EAN 6] H OB T
I H A5 5 I SRR BT B0 F R iR
(IPCE) , 1ER] WOYEIEEIA (400 ~700 nm) ,3 Fifi i 75
As TR SRR G RE R ML RE  HOGHL R
PR A SO RE B 0 3G 5 (R B8/ ) T 4
1o IFST RN O RE T I R R R
R AR | 1l 2% WA AL [l B A B
PR S o 7= A SE I DG LR 5 (] 4) [T A AR
ETCCHLRIE RN, FERE BHUR FHOCOCIR TR 5
KM TECHEUR T “ o W 7 A R OG H iRt A5
S TEREE B IRTT “ Wy JBE Sl vl Ui Bl 2 1 1]
AR SE R AR AR | BB O R AR E PR AE (Lu
Anhuai et al. , 2019)
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i, B LS B G HLAON, , AT IR R & A
R AL AR ) QoK SN R BB SR
B, BRI R R IR TO0 R 12 SO R
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Fig. 3 Schematic illustration on the Mn(IV/Il/ 1l ) compositions of hirnessite in mineral membrane

from varied environments on Erath’ s surface
(a) RIEH YR S5ER M KA WA B T /KD DGA R Mo (IV) Sy Mn(IL/ 1) 5 (b) W& 350Re“ 4 6™, W 7K o il 7K 44
A G FAERARTE A, G50 Ma( 11) 5 F R (o) BE“T-WRE" 55908t BLA P Z KN 68 B AR 48

59,458 Mn( 1L/ 1) &

(a) Soil cutan with birnessite reduction by soil organics under acidic condition, during which Mn( IV is reduced to Mn( I/ 1I ) ;

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

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

condition

#}( Ruales-Lonfat et al. , 2015) . JUHIZ/KENEHED A
IR BHAE 2L A K 7 S0 G A AL A4 8} (Pinaud et al. |
2011; Lucht and Mendoza-Cortes, 2015) . & % “#"
PO (3. 58 mW/em®) FEE R 0PI (2. 07 mW/
em®) BT & DGR ALRRE . B iR R W] Ce
TCFOGHEACTEREDL 57, M2 “ 0 W 5 JK M Bl A s 4
JCHEALPERETRAY Ce JUR AT ISR B W) I 5 4k K
RERCR, AR, “H W BOGHR AN EET WA
G WYFAOTER 3 DRI IR SR DG
BA A+ m I E R NNTERIE BT 5 Hi5R
IR 2 R BH A R B B AN RN (B R
45,2019) , “H W Th B AR ALY SR PR
SIS LA () 2 B A 5 1 mT DO i X B
bR BTN REAS FE 70 WOSOR T HDOG, BAT i
R — FR AR IR fb 27 SO TR fE

SBRLTIE VD BRI SR A AR S o AR
il S TR 8. 5% (23, 8% 1 34. 23% ,3X 3 FhHb
PR T MO BRI T 2 S0 A W 0 W (B A,
2019) . JoBE, 7EFHOGIRGS T MR B AR AL )
JRE SR HBR b 3T ) B K B e R, A A A
FHRPHAE M W DR (K 2) . MR 2 0 A 127

PR B IE 77 He 9 O BE I i 18 A ' HEL U T BE 7
BRPE 2 A2 AR G R AL MRk A 2 R rh R 4G
ZAEM

2 BYPDEHE T RER S A R R
JIrits =AY ot

2.1 BhEMAR P BT WLBRFEEE
BRBNINTF

PTEEAESg [E PR AR T sk AR i Bl AR
ﬁ%ﬁ%iﬁ(l\/lulkidjanian et al. , 2012; Damer and
Deamer, 2020) . #R1T, A6 T4 5 BUHA A 552
BRI S HF A TR RS A SRR R UL ( Russell and Hall,
1997; Martin et al. , 2008) , N4 sh J1 b i/EH T 5
FACH R T il b PSR S A A i s R
A5 S AT DG T by 35Kk A= A RA S ity e e 7 1 1)
B IR AR AY R )2 Bl b AR b b R S 8 N o
AP BOE SR AT BE 4% 1F 5 @ A2 i R s s 5A
A, FRATWRE AR B, Bl b PSR 2 R ) 3 SRR
TR A AR I AE T e A — Skt A Bl oy
F¥) i (Li Yanzhang et al. , 2020)

TEFR [E 2 R 5 o il st PO HhOR AR H AR B W)
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Fig. 4 Photoelectric measurement results of mineral membrane ( Lu Anhuai et al. , 2019)

(a) 1) P HL T SR i T AR S AR X S B 7 e e i ) 5 D7 S ARG L AT 2RE 85 () PR W I 77 A Dz 5 S A D6 L Ui AR

o

L MRIEE TEOC R IIA LY ; (o) ITJA 5 R ALK BB IR, « W57 7 A SEBIROL FL AR 5, 1812 I Ot FL R BN [R] AR AN A 5 () O
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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

(a-Sg) (Bl Sa) , #5400 b 2R FL 300 By b A4S 119 A0 I 45
1, SCE R K B A SRR ) 32 2 94 /T 280 nm
EEAME(UVC) R B, 72 AR M 2 B 1 SE A A
FiAcAE T SRRk i R A AT (CO,) Bk
AT AL NG 5 2 — W R (HCOOH ) . I
i DGR RN B sR R TR HIE
S SR — Fh e EL [ HE A B (2. 6 V) Al H2al
Bi(4.4 eV) B FR09, UVC Bk T I B4 B
BRIEAE AR H 7 BICKT L 743 3038 (s ) 3%
WORRIT S o « R FHUE (F4F) b, R
A RE R IR TG IR JEPE (2,34 V vs. NHE,
pH7), AT & BT F HAEER I CO,(-1.90 V vs.

NHE) JE i HCOOH (¥ 5b) ., HL ¥ Mg M4 A £ 41
HEAE IR 2R R, A SRR o-S, I FEA LS 1
HIE—8 A T 4L IR o F 254, 7E 6 AR
N 3 R e A R TG R AR PR 3, O R A R ER T
24 58 BUNAERR M B 2 19 Ak, T4 1% €O,
FEW P I A2 B 5 AL 3 (T8 5c) o
ULl R ity ' BRI 2 A CO, VR | AR BAT
Yrv i RN IR BT IAIR o L ER AN SR R AR
SR VARG T X — s o7 A% AL 7E A AL IE 5 AR
Rk, 28RN, BRGLL 10 uM Ak B
B THGEAR G SR E T 1% 0kl H PR R
BiAE 10 em JEMRZECE WA R0 P 5T
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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) P 6 Bl L AR 11 R 5 (b) FARBRE SR BETF 4514 5 (o) HAABDLAEILIL)ER CO, JEM HCOOH B2 F-HLi ;

(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.

(29 10° kg T20) , BIVAT IR 3 5% 58 (9 T4 B G R AL
Y5t (10° kg) | WA 43 iy BURA L (10" kg) FH
B BRI A B BT (107 kg ) 5577 1 R AR AR
217K (&l 5d) (Chyba and Sagan, 1992) , 4%,
TE) 2 K B Rl AR 1 7 Bk R T, A SRR DL A
M3t it — AR A 5 AR A IR A BT B AR AT UL
B9 (Li Yanzhang et al. , 2020) ,

T ARBZIE T KL sh - Y S 5 =
SFALBR Y ZR 9 SR B A KL Bl B A ) 2
BRHLI] ( Kasting et al. , 1989; Kumar and Francisco,
2017) , Bl R SR b 3 AR B A 2 R O v T AR R
W RGE, FATE WAGE I SRR 1 E B
FOUAEBIR BB T R IAOR R G A Y A AR
WA sk TCHLER [m] A LR %) 1= S50 Ak . B3R B AR
AL R BHAE A MG TR i, & B AT BT R LAY

FE YR T RE R, ANMURE AR COo, T,
W A] BE AL LA AR A SR B A . SRR
HH, %R A IR KBS R A EE (Martin et
al., 2008; Ménez, 2020) , fifi #th FH SR 87 6 4 1k 2 i
Sk JE G bR 1 HOR A LN TR R AR R T —
P R 5CHR AN (R 3845, PR B T M 36 K AR 4 % K BH
(G AR AE FH B O A dr s R S AR A2 VE . A
SRR Yt R B A R RS ) 4R B 4 A A
Y& BB AL 4 2 A1 | RIS BHAE ff k 5  Jo
G RUAB — 2R RIRAE & TR0 WA ), N s E
AL R 2 RO T B R A B ol SRR
PRI AT B2 ) TR AE (s S 4R TR R
2.2 BHMRBUDTPOXEFHRELRE
—RUBRERENY
T AR R T HAAB A0 ), Ak
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Fig. 6 Schematic diagram of early Earth surface environment and mineral photoelectron conversion

of carbon dioxide organic matter

PG ¥ AR s A B, W] DU AL — A L R
ML A A 22 SO (AR J5 CO, Y e 20 T ——
L CO,  RIIR RN -1.90 V) o WFFEER
B, LI b sk Ao 2O i R H,  NH;
CH, F1 CO &5, MiZRAL T8 J5iv: 5 55 Ve A L 45 1F,
RERSHR ML H AR IR, 7EHEIREUE MR BUR BT, |
AFAER R TCAL) o X SR (A S )
JBT, AT LAVE N2 A W02 7R AR i A
T3 B B R 1 AR Mol - (8]
6) , T35 ik e O e -, 0ol 7l 4%
328 20 FL AL T T 14 HL S AT e A B RSN A
H,0 —H,,C0, —HCOOH,N, —NH, %,
e b, R MR PR O3 A U B N B B AT 4
RIRGACY) AR Wi LT A S U 1
#5629 (Mulkidjanian et al. , 2012) ., SZIGAF5T %
A ERET HOCAEAVE T RS & L 2 b A Al U5 T 2
ALY (£ 1) (Zhang Xiang et al. , 2007)
KRG RBALYE R0 W 50 0™ G HEAL SO, T
Pk A ) A L 4 5 AL, AT R S AR A
AR BEY) A (Urey, 1962) , 5857 A9 H)

K1 ZEAHBNESTUEYELIEDE RN
R iR (#E Zhang Xiang et al. , 2007)

Table 1 The half reaction potential of carbon dioxide and

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

kR B iy
(V vs. NHE)
Dzus e =ecnzs) -1.04
2C0,(g) +2e”=(CO07), -0.63
€0,(g) +H"+2¢” =HCOO™ -0.31
S0,% +2e +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"+2e =H, 0.00
€0,(g) +8H +8e” =CH,(g) +2H,0 0.017
2C0,(g)+7H, +8¢” =CH,CO0™+2H,0 0.075
280,% +8¢”+10H* =8,0,% +5H,0 0.29
80,* +8e +10H" =H,S(aq) +4H,0 0.30
S0,% +6e +8H* =S(s) +4H,0 0.36
Hyg(zs) te” =B 2.56

LT AN I AR A LA, O S Bk A
AR PR i P A A PR A DL i) A S BUR R
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(Zhang Chunxi et al. , 2015)

Fig. 7 Structural and functional comparison for the Mn,CaOj in natural v. s.

artificial photosynthesis systems (from Zhang Chunxi et al. , 2015)

HE T AT AERY R 72 (Lu Anhuai et al. , 2013, 2014; &
R4 2014b)

TN FAENI KR EREAEZ G, EWE I K5
TN S E B, Miller F1 Urey (1953, 1959)
A4 A R R S B s, 0 e R A TR M Y H
R AR ZERIR A AARTE AU IN H i i KB
T RRIE a7 i A DL AR G s B, AR5 T sk
A BT A B LA AR 1 BT SRS IR B A i
JIT T B 22 LA F mT LA R 5 ) S e pL Ak &
Y& ., Parker(2011) I B §i5E Se ok 1 43 A i 5
FFEA X Miller F1 Urey S5 7 A 1Y 75 A J 1A 42 X
YRR T T E B AT, KB T 2 A LY
JoT, Hor LA R ) R PR 23 A IR i i i
JEoR AR 5 B, Z IR S AL L o, 2T
AR A el R B 1 B 2R AT, AR A A A
IEARER YRR A7 —Rr SR TE e &E
RIAENLRGY . Aardiie L@ e DA CHE Y
2 B g I R (R A ) %R ( DNA
FIRNA) e (MR ) Ffk KL &9 (B2 (47 4
) YR T YBRREAAISTFERSRE,
4N, R S0k - Y R RE R IA AL/ 8
HAp b B & %A Pl K 2 F (Ferris, 2005;
Lambert, 2008 ; Cleaves et al. , 2012)

/f/ 5 ':','7'/‘;

[4> T & 1400 Da; J& 1 % 85]

[EPR:Mn,(II1, IV, TV, IV)]

T4 A EHL F (Lu Anhuai et
al., 2012; 2019) , AAHNYIHIE
ESE SN rPA LS RN Ak
2#HE (Maurel and Leclerc, 2016;
Sakimoto et al. , 2016) , A] fEIK
I VA AR R, A TR
= SUTHER A i i R X T
Ji s 240 L 5 AT AR A 1 P | R
FHOGrR 541, Al i K AR &
PRB 13X — G AR A T Bl AT
A5 WA, AT i B %o B s 200 L P
1 % ( Mulkidjanian et al.
2012) , MBS TP E T fE
R TEARE M IR ARG N
T T RA L, e S i
FRELRE HOR IR, B W) XA HL
OF TG L B L R R AR
i 2Ry PR AP R A Tk PEAR
FH S A i 15 R A0 A 7 O
L5 (Lu Anhuai et al. , 2013,
2014 ; BI04 ,2014b) R, 78 3R 5400 4= fin ke
kR W RE R R SR AL RE R S AR TR
L ARSI 2 A

3 R R (e )
oA R IR 5t

H AR F b AR A VR BIVRI T K B REH 7K R0
CO, et J B SRBK AL A W) I 1 72 2 sk 1 e
FE R P AGE R . R A AR A
WA pot R R R e A B Rk S S
Bk, SRR R A 5 SR YR RO T iE
TS R R R T RO AR EE S, o
FL - 3E A AR W R P A2 3 i 2R 0 o0 LA AR X
RERY WL W 5 A e S BE DR I R 5 1
(PSIT) & A A GBI Bl ) 7K S84k S 17 S 34l A 1
FHEYE K, AW MoK B B - RS F-, 72 AR Y 4]
SRR AP, 284980k PSITL B RRAE 9 25
(I 7) KB SEEL 0 (OEC) LB S A
44 Mn BT 1A Ca B+, M8 5 4 p-0 %
FE A TR Mn, CaO, HYERHEAL AP (Suga et al. |
2015) , WARER NG AL 45 H A B AL PERE XY 5 26 4
OEC & L iy A T. Mn,CaO, %fi #% 1k & ¥ ( Zhang

_,,NW‘MW/,
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AL 22 S A

PUEEHR D
e NN o AL A \
5 25 o - K Mn(ITI/1V)
Mn(II) \ vl -Mn ;-E)---Jl AT K AN T
<3 qim.

P \/\'W/\M
RN

! 2 8 10 12

6
kIA-
EXAFSKH g Ed O (B S5&0 % (KD

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) HRAE[ Mn, O, L ] ICHEAL ™ Ead 72 s (b) JCHEAAR ™4 EXAFS BI85 5E HgL

(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.

Chunxi et al. |, 2015) ,

IKEN R 5 g R oK A A AR 0 B R
Mn, CaO4 f65G W18 Mo &5 # b BAT —5E A B
e, SAEYDEAER PSI =& H L T R R
WAL RSB, K BB A TE D' Ak LSk K S v vh
ERTE LML & S Z BIER, Horp g5k b Mo (I,
IV) B+ 5K 19 % AL B 4 AH 5& ( Wiechen et al.
2012; Gorlin et al. , 2013; Frey et al. , 2014) , 7K4H
S Mo () %8046 M (V) BF, 545 4 A 4R
AL 05, — 2B Mn (V) 35N Mn (1) B,
07 AR g% kR O, 1M =4 ( Yang Jingxiu et al. |
2015) . ZEERHE[ Mn, 0, L, | " BA Gk ™ A AR
FH 6 HO A AL Sz v ] 7 4 v Min TG 3R B Wi
S5EAAYH WitT T A (Hocking et al. , 2011)
(E18), o4t B ARl [ Mn,O,L, ] FEIL A W1 A
AR IR ERAE T, S W A S SR T e i, 52 TG
SYEM . it 2B YOCEEM 2 7 10k
WEREANE AN AR R, SC AL 2L K ™ S 0 1
K Mn,CaO LAY, 5[ Mn, 0, L, ] W5 ALY

oL, B K S B S A5ET Mn 1 S A I8 T S
SRR S5 R A AR T R T K B AT H DG
et RPERE

AR RO R Gt PSIT K S Ak rp o 2
NI — Be A ) R BH BB 2 22 2 7K 24
BT SR, JT R4S H RS 9 A e Ae R, 3
e IR A A A B YR AR, 2E B AL 78 J5 46 41 i
RE AR BRI ME RO EIEN RS, &
T 30 244 m KB R A A YD S R
RIS A, HETA i sk i
I CEERIAE Y, RedE AT O SR By
20T R R e i HAOE S AR, R e AT
R PRSI OE Tk E R . © A B4R AR
YL RS PSIL - AL 02 2.5~3.5 Ga | i
AR AT SR | T AR R W A RO S VR R Gk
U, 55 b Bk B B S A W D0 B AR T AF AR AR OC 1
(Sauer and Yachandra, 2002)

=R B N B2 N = R X L SR
P BRI B o PRI 000 7 v M B -
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A Mn #2465, W] RE A 48 7R 5 A OGS AR
ARG TFEAT I T — 4518, Dismukes 553 i #4
ISR R R AN DG A R GO IR T i e b
Mn*" 5 CoO, YE IR U ( Dismukes et al. , 2001) . A
FREH KA KRR CO, WM S T
TERL HCOS T, 6 Kl w7 1 VAL 2 BR B v , Mn®™
5 HCO; REIE A IR R [ Mn) (HCO,), ], #E1k
B, TR P SO G A0 TR 0 % 65 A A 7 P
[FFEFTE , 2 0CHEA A HITEE Ak i 40 K A AL oo
PSII £ & %) CaMn,O, ( HCO ), ( Dismukes et al.,
2001) , KA ik B Mn STR NS B4R
BAE[ Mn, O, L 1" A& YOG AL 7™ it 72 28K
BNER A 25 R R rh Rl 0 1 5 4R JH (Hocking et
al., 2011) . Johnson ZF#& H Mn> VE A 7K &AL I
Hr RIS, 8] S RGeS AL (R B K Ak S
MEGE Mo (1) ;Mn (V) 35 S, (Johnson et al. ,
2013) , MEEAEDCEEHIZRSE PSIT ) Mn HLr 5
AT BB A T A B SRR, HR R Mn
(1) ;Mn(IV) K Mn,CaO5 b &¥)—3 57, 5K AN
WL AR BAT — & AT . FRATTIE AL
IR FO A SR IE 52, VR h o0 A iz I B
PSRBT BB AT , A5 BBk R DI R LA TR
HOGRARAET A 2 A A K AR i 25 25 Mn™* 5
TERGEE Mn (L IV) AL ™9, B a) 7 A= 28K
BNEL WA (Jung Haesung et al. , 2021)

TR AR KR WK BNER T TE B 1 7 401G
B AW AT L BT R T R K
PR 2R AR R R AL, S AR SR AR ) S AR
FORBEE SR B BAT Sl 8] T2 40 3% Mn (1L/
V') BZK SR X 7K Ak o3 it it B2 b Mn JTR B
BIEAZACFHE , SHY6A A PSIL H Mn, CaO,
EOCR BEA AN BTGB R, LUK
AR KR AR WX K BHOGRE % Ak 5 R ]
Jr T BB ARV 20O BAE R GERYAIE . K
ENER A ALK PR BB 5 W A RO A VR RSz 1A
A REAEAEAE TEALE AL . 7R R DR ST, Rl
HHEFET M B T ——Ma (II/IV) LY —
Mn,CaO; RIS Y—— M EOCEEH R 1Y
Pt e (B L M55, 2020) , A TF S TR IR AT R Z
FRHRTT

4 g

LI IR b oA Tz BB ST R
KB FHAC R T, e IR Se i RE R IR,

B W T e 7 RE B TR AR R MR AR 5 g
NPT AIT I RAT S, sk R A SR
FEAL R BHRE =2 Y e 1B, e H Al BT & B e
i DG T RE R, ANUBE BLZIE I CO, N TR
SEA P, i R R AL At A= i BE R A B A
LARE i A 288 AR B AL S JU s s Bk i
AHUN TR AR SR AL T — M G A R A, A
BL T MR IRt A BH BE A e A AR FH BN s ek
LA ke PR S R EPE T, X i pke 1Y
AR PRI 2 A SR ) R P A i A 0 i 7 S AR )
JotE B HA RE B R DR R R

FEEBREI ARG, R EREFDE T Ba 1/ 1%
R P — =R BT, MR R
W A 2O R ARSI B K AR B, FA B
A FEmE L PERE . G IR < AR R R
B ARBEHTR, R IS A8 6 RSO, AN
AR TR, — LR MR A A AR IR S
AL R, A VR G Mn, CaO, 15227 K
PR AR T R O MZSH ALK SRR AT I S5 A T
A R B P oK SRR AT n] RE (2 R 7R
Mn, CaO, J3 2= AEYDEAAERTRIE S, SR
G T Mo BT —— M (II/IV) E ALY —
Mn,CaO; FEALGHY—— AL G/ ARG (i
PRI, 2675 3 Bk R B S R LS

MW= A i i R, JF IR o L
RESEHIFST , 2 AL GE I 1 S A2 FD PR B 4y =
WHFE IR PO T 05T, dLE OB B 3)
Pe—a P LA MO TS 4, 3 R BDE kL 1P —
L7/ o i i 21 b e S VR A D = I W AR 7
SSE A 7/BEIE SRR U ) Ve
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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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