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THHES N B %

9. Lot (BRESEE, F—NERERSE 14, &E M1 15
HUERGE K PH B I EIE S5 (a PUl R b HUBRBIRLRFD ¢ HiEkts))
(RIS A T e R AR B 2 —, K2 R A G, K 22 R4 25 e [] 38
WINEIE S H AR 7 Bk EAS R 4 BRI B R BHBE R A8k, F:3K

TR AP N R, [F2 Q18-Q21 LA i .

b Obliquity

Q18. I KL HUE A EFE ( ABC) .
A. 21kyr 1% 2 5 B. 40kyr [FIEIARL R & 3
C. 100kyr [fiff-Co2R & 3;  D. 400kyr [ 0o i 1.
Q19. A BRI B IR 2 5 K R UK IE#AH) 2 ( ABCD) .
A R, HUBR G M ;
B. M REHORIS, Mt R BHRN, AR E R E I Z
C. MFEBIR, HhBRER M IRIE (AR AR |
D. 1 BERORET, bR BB, A ZERe kD .
Q20. BIAEHER A BRI E A 23.4°, £ 10700 “ERTIE R H K, 7E 9800 5
R BN, 2R R E AR 2 Rk 9800 A SR ( ABD
A R ZEAEIZWIR N, 2= A5
B. 4 FARNE, HBLH, HWBEREE 50K ;
C. iRl AR HIZ 2 410kyr;
D. &FHE, BN, HERAEZEERIK)I
Q21. HbERAN[F) £ B HE S 3 1) R PR A 5 1) i 1 5 b sk 3 o) 38 A 5 sk 2
A EMEARL ARG, THE AR
E

N = E[(A"— )L') —sing (cosﬂ,"— cos)t')]

Hor, N ONAEEERZES O IRASE, B ONMIBRES O REEE, NG, oNHiBRkE
I BRATAY 4 AL AE O ) 45 BE2 ], hSEHbBRILF 3R F R
BRI KRR IR LA ( C)
A. 0.99; B. 2.01; C.1.01; D. 3.

A B R IR AN SR AR R AL B AL RS AR 2 LU R R R



N EGEBAEAURNE LA SR AR AL AL, ARYE R FLER AR R
A, SEHENERRIKERN KR, BIEUT Q22-Q24 jH .

5190 (%0)
ot A W R OB NG

0 5 10 15 20 25 30 35 40 45 50 55 60 65

&% (Ma)

Q22. Fr AR AT FLER AR =R C AC)H .
A BT A IR A BRI BT A% B Fr B LR EBRIE L IZH T &
C. KA{E 55 Ma fifja &R B iR i 3; D, ¥ A A BRI AR A MU .
Q23. FrEMERRAA M ATHEN =R ( AB)
A =RETH BOEREY IKESY: C.HURIESIE M D. e AL

Q24. AR 32 Ma. 14 Ma fil 3 Ma i ARG s A8k, HnT e i A 2
CA) .

A tiEisgl); B FGERE:  Co AKIES): D AYIRA K.

WA R BAEFHME AL, WRAEMELE FRRRKENRAA, BEA R
gl A AR AR KRR S SO BRI S AR BRI AR K 4. BB 40 AR ) R HR A S 2
MR ZeY), HasE R R T UG, — B S 3 B 20 i ) — VR A )
ZREVER KRS S . WP AR AR T, BRI A Ko (B B
BRI ZREVE RSN, WS R IR T A, R
L RIERDH =%, TAEFES 4.50-4.43 {LAERT I B ZCR ), K& T 54
WV — IRV R KRGS, 29 2T%MEN 57%[1)E AT 85%[1 A K 4, 1EH5
Jist ERAER KGR 2515 . PREEIZ DU Q25-Q30 JLA M) .
Q25. LN & T B 20 Mg e (M A R 4 s ¢ BCD )

A Fifs B. H AT i ; C. fifa; D. &#fH,
Q26. LR @ T B 4 AR R EE S v RER IR K A ¢ ABC ) &

A BRBE IR S K sh3n; B IR = SRR B KGR

C. BWyEE Fia D. K& B I A KR .
Q27. AN @ T B AL AR AW R KA v e R R A ( BCD* ) &
*AR ARSI, AR IR AL

A. /N7 R T HLEK B. {HEENE, (NS5 & ek,

C. Wz 3l, vK)IIMEM, HW T R D KUK ILTES);
Q28. X ML —EH L X HIGH— R LBEHEA TS ZKE, ZE
ERTCEERZ B RETEMFEF KRB ZEER. i, TUEAREE
A ( C) .

A.CO; B.COy; C.CHs; D.Ha
Q29. ZEBREOIUAHT ZKEEA, HTHARIPIRERE R 7 i EE, 1’
BHEEAAZ L BERIRE, FA R EFEMM “EH7 o Ba, A



(LTHED BT CC)H .

e A A R SR U

A k2 B B2 C.EENW): D. WEsh.
Q30. F[H % I8 23 ox BB 20 A= Py = dal o3 AOont LU DR ECR, AERERA AL T =4
AT T, WHUR AR IEAT AR PEHLE XS LU SR 2 TR A 2 (GSSP)Y .« LA
T~ C ACD) & T3 H e 1) B R 44T 1

AL E B I R R A AT T

B. Wi e E R HE 2 HEE N R A 45T 1

C. WL s LA e e JH R i R B IR A 5T 5

D. WAL E & E AL KIPEY S 24T+

MBI AT B G AL 06 T IR a6 AT B AR LA, AR il B A 5T 3R B
E T B, R kAd TARBRMER K. DRI E RS G A Rk E
KPR EA TR L Ao Nk 1r, — & E 74K
(planetesimal accretion) , —&Bkfi4: (pebble accretion) . ZJ&, 47HEMIHY
AN HENSESRIGAERY B, TERURMRAT . RIRAT B R EERAEAT B R AR
SRR, RATCEATE. WHIRIMAERE, FRIAN B RirE 2 H
BRI BRI R, AH X AR HBR A5 1 MR 20 75 1) X 33k 3 4k 23R o, — A
SRR AR R T R AR (late veneer) o #EIL[EIZLLT Q31-Q37 J1LAMA .
Q31. Hbie i 5%k 7 FR a0 e] SCRFIE IR AE Rl ¢ ACD ) 2

A Hiu g HR R SRR TG 2R I B L e 1 He SIS ASADL AR TR s P TR0 L v 5

B. Mg SR P on RN & B S B A

C. i@ rh s Lk o0 3= BIA & B 5 Boa Y o 4l s

D. Hiu8 5 S5k 70 3R BIARE A 3 A RS A W it
Q32. A A IR PRu =0, HifMe'®Ru=—0.9. fEllfFhak 5 F
BN 38 ALAEMIA AR = 0.22. IBAFHRN 38 ILIMAEAN Ruf
C WiIBE, ADIEANBST ) A2 B R

A. 80%; B. 60%; C. 40%:; D. 20%.

Q33. R KMHE =M ERAN 80 AU, BRAIA 1 ALE: HEdhEIARE
B RN, 4/ NRERBE R = B EIARZ8 C B, DTEARS ) -

A6 MH: B.14;  C.10 4F; D. 100 4.,

Q34. MUKFHAIEL, AKEANHBEZEM He & BB, HIEETAZ ( C) .

A TERBHEEST T, He Bt & Bk i s 7 ARE

B. fTERBHRIMER R, AREINBEZH He #WE T 5



C. RESMHIEZH He @i LT M AT m AR B IR AT 2

D. RESNBEEH He B L3524 5 v I AEAR B BRI TR T = .
Q35. TEKPHRMATEERLLE, 1T EMSUE AT E. ME KR = RHHE
RESRAENIT, @A UIE E B LS NT B 0 578 O 21 K BH & .
EAREHAR—EHRNITE, XEFEAN CA)

A. LR 5REERIEILR, @R EEIEmNIER, JHGR NI,

B. MTEW S AREEBENEILIR, WGEAREF LR NI, HiamINI#;

C. KFH—HhER—ARE TR =k KRG & S EORE AT RE— B 17 IR

D. fTAFHE 5 AR KR 206 ] TR TR R T BRI 5] 73114
Q36. KFHE = AR BRYIK B T o R @ BTN . 1E47 BB H AT
FHIC 2 1k 45 R S R AT T R MR = R B kT . R A R R B
BAIEEZ ( AC)

A.AlI>Mg=Ca; B.Ir>S>Cl; C.Si<Cu<Hg; D.W>Li>Zn,
Q37. T4l ( ABC ) FHAFATLIMER— AT E TR & .

A. EEZEERREIEHr B; B, i HAIEVE F A B e N R A

C. RBRAE IV HI B 455 D. B ¥ st A 7 B v 31 L3R 1

I [A] 2 BRBL LR ST A0 ” S, B0 B ERR 2 1R — ANk, &
— U SR G A BRI Ay . AR LR IR 2R D e b i A AR i
R ELS] 20 ALY RIL T G ERKBEELAE, BEERE I EA S
JR PRI T U T R B A EE I EH (VD o CHEAAR N=Ne™.
No 7 [a] t=0 M R R IMPIIE R 74, N RoRgid ¢ A USRI R 1
REEAFRR IR FH #EIEFE IR Q38-Q40 ) .
Q38. AT R 2 E A SLIR I, WE TR AR AR AR 740 N ORI 248 A B )
TRFENRIE 78 D, WRZBUN R RER t RoxN ( B)
N) D)

An(tey); B am(te); coam+h);  D.2n(1eg).

Q39. 28U 438 m oA n IRPEAEA K 2%Pb, Il ( D) .

A.m=6, n=8; B.m=7, n=6; C.m=7, n=8; D. m=8, n=6.
Q40. - EE AR BHA RN B — LI Fa st [a], i 28U 3 4 1.55125
x 1070, NIHAZIAZN ( C) .

A. 44,7 Ga; B. 4.47 Ma; C. 4.47 Ga; D. 44.7 Ma.



“IE[E TR 2023-2024 FHE2EPFEMBMNFRMRLZTEH

RFXNBSEME

I EEW

AEERNEARREREIEEIAERER

1 ARG N=AEr, BB A ETES L, 55 o NERE
AL S, 255 =M N A seBcE S ARSI (R 180 7
B BREHE, HREARE. FER. FEAMERRAIERLm .

2. BTSSR H A . S RO I AR AN AR
ERLE

3. MREIEFEAUN 2B By AN RIGEMERT: LZarirdl B al g%
FEEA L

4. TG 60 2B NANTCVFIZAIAC S, B ila R sl 5 2 RN 5 7 il B .

— THEEFRE, FREEZEFL (AERZE, S—NERERE 1 4,
EE—MI 1 2, BERRESHR 0 4)

PAEHIKE T E 1 F8Rm UARIES AT 23, BUE M 095 o (i ok 2| PR M 09 [
TZTo BRI, TRAEBEFHEEAETRERTENEE, THRAELEY
B BB kAR, X ARY R AMEX — B2 E LT R E, BEERHK
WHBRESRTE THA MK, XMRESERTFHHIK (40 LFZ R HIHIK) FoIl 4
MIREALE . BHELATE QL-QL0 [# 4.

QLTZ ( AB ) BT&MEA.

A RS B. Xl#: C. ErNKA; D. fEix %

Q2. MABRARME R AW ET B H R (£ 45 124, BB REHWH W Jack Hill BFH K
BB (4 44 124) Ak, WRRRBTREBRETWEE. RAFEAF4. 85
EBRT ( C ) HEERF,

A BiliE: B BEEEE:  C BRI D. R
Q3. FHMMABNWEERSE, RREENEAWKLAER. X LEARBHEEERT
YRWARE. MAEHE, XTHRKUERAFRAOAKLES, TF ( ABC ) AL TR
EERRL

A AA; B. & C. LI D. &L,

Q4. T C C ) HLHI R DURGAF A BRI R AR L5 03 3OR A B 23E & Jack Hill
BATRERA?

A. IRIZ ) B. Mgk,  C. A, D. ##HiE.

Q5. Mk R EXWT WWFRR 44 0F, MEREZWELTWFRE 40 2F, —FZLH
WEERA, HEETER ( BC ),




A. TEIECGE ZH IR Jack Hill #5471, BB SE s

B. ‘&AW IRE) SRR, (R ARE T R,

C. B ARG IRFHUHE RN Z A PRAS, T A0 (RIS AL 324 R 22 O T TBOIRAS

D. 44 {21 Jack Hill 2Rk, #imEiz2 T HEK B SR & dE a5 A .
Q6. AFHZ ( D ) AEHIAARZE 43 ZF RT3 BZ A AH M.

A KB B. KA&; C. Bt D. &&.
Q7. MIEWMAKRELER, BMLERR, KHEERK, ERARHNREERR/EET,
THREFTHAE ( AB ),

A, ABREHERAZE, BRARMRIHURSIR T LT

B. BRI RS BUR, AR T I SR T H B e AR GE B 131 7 254 S

C. AR T thth k2 B i d, R 7 HERNEIRR e 450, 845 5 Bk LUE
J A BRGE— 1501 )1 AR

D. FATHATIEA N HEREATRANRAE, i LAH BRVT BRI A SE0H5 .
Q8. ABRE 40 1243 38 LAEZMER T — KA FERLFEH, IRIFUNBHA X
WA FEEHEMS (Late Heavy Bombardment) . BT DAVE 2 3% 3 A 2R3 400 B IR A 3%
WEREX —HEBRANKAZEZRE TEERER. RLARARS, ERERIEA
AR I RIARVHRAEEETEGY THIERE, THNWEERE ( BD ) .

A WHERZHERIN TR, BUAER Tk gr sy e H Bk, Ut HEREdh
BRIBERE, WA T THEFIHIRINIA, BT AEHBER EE AN B SR W

B. BRI T (1B A7 T 20 A FUERER R ) R I f o S A A AR 3K
kU AT RE M BRI A FERE, 40~38 1442 M A B R A B35 T e B,
MM, (EFRHLER E ORI BD

C. HERRARAZE, WARESERHRER, B NBATT. (HRHBRA RS
2, B SHKRZ PR, RIS R ER R R B T B30 H R A 2 e o AR A e

D. HuBk b JmI AR B 1 R 2 ) R i T AR R B A BURA 2 T, BTbARR
ITE AR R T AE A X — B A T
Q9. KEYZ AR MMM N KMUNIIE, Wh) ZWEHE, FREAFTURERE LK
RETHIE, ERXF—NEENKERFET RENRE, KERFNTLEXENER, X
EFWAT#ET ( ABCD ) .

A, SR K KR RS — AR BE AR T

B. JOR FRKEESS 3 KR ARHTE R T UK

C. KE LHIKH AR £,

D. K FRI7K LA /KBS R UK T U A7 -
Q0. #ifEXk, AMIESEWNAREFHNE THAE., AHRE, BUEARAGEREHN
FH. SERAREL—EUMH. RRURRAEFHR. HREEAKRFHRAEEN



REGERBE Y, HLXHEFEEZE ( A ) .
A. TEIRIRA B. MEHH IR C. BBIRE % D. FEHRE .

TELEMIE L. THERWET R AN, BIEGHMNHEZBEAT —#HoH
B o TR TR 18] BT Y B A T R A R RR TR R RO B, b RERR DART A B O 22 T A 12
MrEEE, B EZ Q11-Q12 |9 .
QULTEHXTAEAWHEREKIN ( BD ) RIEHN.

A. FEABG RIEARATH LN E B SRS T 2 — 2 M AR

B. MEAREES FREEHF RGBSR AL

C. “FATARATH L N E E K1

D. “FATAEEA RIEAEATH L FIE E PR A3
Q12. ( ABC ) #E{EART U# R FEANFE,

A, THE =R 2 — i A s

B. WEHE 2 A R

C. LA ARIIRZ T IRAE 2o R

D. A EM N RE RS HEA—I.

TEHERT —IMHEHHE (ZAE5%) UAZHEHH TR KENERK (EL2%5
%), MAGBHUKRNEMA, RUTEBEANALGET LRI AHEERE, HEEEL
Blit &, #HEZE Q13-Q15 |4,

/’J” X

196

Q13. EMFEHN X WA 2U4m £HE&R), RAFAFRETHEE ( C ) X483
AT ?

A. 168; B. 214; C. KT 46 {H/hF 52; D. /T 46,
Q4. BRATF X &AL (214m EHERW) WitaEA MR, ME L BriH o7
KRGS (D) ?



A JEA; B. H# B; C. J C; D. JD.

Q15. THAFXMEEEHNFFNFY ( B ) .
A. H A<¥ B<H: C<H: D; B. # B <3 A<H: C<H: D;
C. #B>HC>H A>HD; D. #D>#C>H A>HB.

MEZZI, REMKNG AT REB N AIEREFEH TR ER, EHIRAGA
SMBETHRE, REVFRXOEE, HRRAHRAERZAMAESF 10 FrE. KA
g, — MR EREHIREII RS, RAAAER_FHEE, BEFE. BREET

B Q16-Q17 #.
Q6. ERMEAE—NBRANHEY, ERCUAREZILA, HARRARKHNRAREELE

( ABC ),
A oS AR A AR RS 2 851K B BE s
B. KAHHIE “PREST” SR R e, 7R O TR
C. ANHIR ) P A 1t X 306 3%
D. MHBERFRIE TH LI o
Q7. MEAKLARWERE, TERAWASLTEE ( AB D .
A A B. A C. s D. A~
Ql8. THRAXEMAAWEEENEE, REMHWERAN, TH ( A ) REHN.
A ENEE N R, BB RN T R IRE
HIZWEEA T EE, FAZERR T RS,
HEWZHN LR, FNZE SR T BRI
HIRWETEA TR, FONZERR T BRIE.

A
B. i%
C. %
D.

i%

—

Q19. ARMATEAR AFMERERIE, WHIRKEHH MEHAEH, HHFIERF, Al
. BB, PR, &R E, ARPMAEREARTRER. FAERTEXEHIK

EWEEEHERHF ( ABCD ),



A BZEMEER; B. TEMWRYE; C. BiafEd; D. 172K,
Q20. BR— AR FHEE RMALE, WmRFEFAREEM RN T M, FRd
£H C C ).

A, —HEER—MHZERALA B. 38 LA Hb B ROR T

C. 38 LI Hh 2 B B D. WA A .
Q21. THEER T AR 3 138 3 X LI B W9 A7 4 B 77 53 o oy 0 A o % e 3 SR AR € 31 T
MELTUBATHE#RNERR ( BD ),

A, PN X TE AT RS B 7 S R R A K2 A 5

B. HEVEHEIX I AAT A% B ) 7 8 O R O e O

C. REHBIX G ) AfA% B ) 578 2 RO R B

D. KFi i [IX A7 AT 4 26 g e PR 9 KBl L 5e 0%

WHEE S FH

+300- -+300
= /-
W E o 0

200—\_/ --200

(mgal)

e 2] R F i 5

jmi 7~

wd 2700 B A C [
20 o 20

e

“E 3300 |
40 -40

3300 g L 60

607 ?f‘fﬁﬁ(kg/m'“)

- R EEE—E—mIRTNTr——

PN i I

Q22. X THHA, THHREHNE ( CD ) .

A, R B SN gE RS R, R ERE T BB 90° | WEABRT A K I T 5

B. Hufiirg . ALk SRR . dCARE S

C. HWREAR S BAR T Rk S5 b BRI A58 i, LR — g i ol

D. Mk bAoA SHhEkeg . JbiE 4.
Q23. BhhBEARRH, S EEYE, FAREMTRE, EXRFEEBHITUT ( )
E%. ( AB )

A, FARIRIEL B. ‘AR

C. AHIMRIMERESE; D. FHkS5HE Bl i) PR

v




Q4. E—EURBANR—MRFENRE. RENEERGCEIRTHFENERBE,
ERELEAERTEATE, RREAR—MATIHREEMREALERNE, AAERW
RETREERTHERHIMRE, BHERNERLT UEHBE R, LERHI MK
R AEAME. 1970 £R, RERRAEAFTE “BHEE” ABRFELELA, FXE
B FEEZAT ERAANEFE. BRUREAANERNA M TR, ELRANEE
% ( BCD ) *k¥E.

A, TER T I AU B. WUEMIA B 5 i

C. /KB SREGIH 53 i D. /KBRS R A R BB SUE K R B o
Q25. Ik N A F HTEWHRRE 8 FH (WTE), REEA ( ABC ).

A, HhERFEGER PH A FE (R e (%, T HL A e g

B. HUERAAFEHERAGE, BRI PH 25 Uz, BRI A 3o 13 i 2 B R
i 5

C. HABHHAAERRIET (e A0 P IELFAL T 1E R 77 il

D. “FRFHFFAEAERE R T FI IR (12 50D #BIELFAL T IERE J7 1A

9o BERERALEEAM, AHilL
REFEREERLELRHL, PR REFA K. TREN Ao b Rbg RMUE A E,
HHt—F R FAZAAE, TETHRGIFEANG, HLEMEEAERLE. At KA
8 M B G RAk . AR B F RN ST R AR R pRay AR AT (2023 — 2025)
LS

=\ BRSNE, BEREGEEZEK L.
Q26-Q31 H HArkl

R &R EME N ERMKMFFEFEENTETR, WERMNT BT LW
B AR, ZREd TR R ER RN RER R, FATE DA &8
FIEHELTELENSRE. EAAT, RITESRMCEMENERREHITHENS, I
DL S Ffr & A BT HIRKT & L —REARIRETFHRTHRE. (F 334

(1 F & B

HAFFH—RTEAALANEME. LS TEHNHF, S EH 2SPSPISFS A
Az, BARME EARAEMNANFTN, EEERRTENE S etd, HAA
ZEXNMHEMCENGEFFEL, XHETRFREHAFE T LW E L E N FAYELER
T, RAVRZ AL E AL A& B AR HIRAFAIUR, RATEF KA SE R F T RN F
frEAR. LLSERME A,



éxs<§$::1>x103w®)
He x RETEWREENRESH (x=32,33,34 5 36), REKM M T4 RAE
BEATHE) PREME S SEARTFERBNRTEMNERMCLE (2S) 282, iF
WAELL HE R E A F A Q26:
Q26. LB EFFHIRT —HARB R HNELD (FeS) HENREMLE. LREILRK
WHAT, RBRRARE 2SS, BS, S WHENEAE. HE AREFERAN 25 0F, Hai
BT = A A G R A A B ARK Y 19214700, 153081, 8475565 Bk B 4R
X 5125, E=FHEENAEXAERKA 300975000, 2376070, 13335500, i A &
R B XATE—HRBERITRE, FEZMHREACEHAESEERKXS 1000000000,
7888000, 44234000, #EAAITHAER A EHE B Ho33SHo%S (XERG MK A EHAD

(10 49
BE: gHuzE AT 0%8=10.00, 5%S=—2.81, 5%S=0.83, 0%S=1.67

2) FERERWHRELSEEERENE

Ff &M BT ETHFRA. RI¥E Born-Oppenheimer #il, —A4 FHIEEE T LLA
BHA AN TARERAS B TEHEREUR S TEA N AN TP 5 EE. &
¥, TRAGEMAXSEFHELRORELME X, ATERE —HRELTRENE
FHRNNUFRERTRENRLEZEARNUFE, FRAARALENS THEFERM
FWRTERGHERM. XMETRARREZFRT SRS TR RN EEEE EHRA]
A B E R E 482 (Mass Dependent Fractionation, 55 4% MDF). BRF %A
% $ W 54 F AR AR B AL & E 2 1E A

R, BERATHFE—LRANTEEREDERL I BENFRL, XERELER
B 5 R R A E LR AR ARG EN BRI R R XHTKBT REZERT
FEWEALE 2 EE BRI A B L& B3 E 48 (Mass Independent Fractionation, &5 ¥
MIF), AW R EsEEEREL BRI~ 2MERH. #FME, WR-—FHH a5
ZHTEREREQEANRE, ZEEHTERREENRE, NERHE R EHEK
RLF= I BR i B — P R R R E - E M bW E S R NSRBI E S . A
TZ B KRN E R R E, RAOVFAAEEZ TR EAL R H & RS g a8
WRE. MEWEGRERFAFE L —, ERXAFRIKAUTELER:

AS = 6°S—05*S

Hex=33 536, OME S KW M EHEX N X A: x=33 8, 0=0.515; x=36 &,
0 =190, &ML LR ELE A Q27:
Q7. A EHEB REFEEENERELME? RitHHEA SHEB P FEERES
TR ARSHE. (ARRENKEERM; #FAI<0.1, WHANFFEERELSME

(54)
BR: WHREETH,  ARS=1145, #HHABEZZHIERTHE.
BE ABS=-0.03, #%B RALZLENIERTHE.



(3) FHAHIREATH 5 o a3 & 41

H,*S#5,0,2- ~*"""" T =507

Bk R1ER

K1
EEHHIRE TR TF, RATEZST F/ 2 NEE T 5r £ R A E R E01E,

B 15 HATHRM A F AR A RAER LR, ERBA LIRS LA RS, HATA AT

FHERENERETARE T —ANRABMIER £, HAMHIRAREF £RES

W FPEREXRNTERBTRNERESEETHRBEEHCAEBTEE, TFFREF
HEE B R RSB . EFaEEE 1, FARER 1 MU EREEARE Q28f1Q29:
Q28 EWEWER 1 #FUT=ALBRHUFREFER: O—QLRWBEALEE; ORER

WK R ; ORBREIKREREARENRLRERERT WRE CEARALER

WA CHO /%) (10 49

BE: @ 250, —— SO + SO3
@ Sg + 6H,O —— 4H,S + 252032' + 4H*
3 45042 + 7CH20 + 2Fe?* + 4H* ——— 2FeS; + 7CO, + 9H,0

Q2. EWAAWERELMESHWRTENRBERRY, RTXTHREBETHRWE K
RE? (RER—FHWERAMFRE) (5 4)
ER: THRBRTRATARBMAET; LT RO FARNKRBARY AL,



15 T T T T T T T
o
® |[RMS data 8
O SIMS data
o
10 -
o
o
g : :
= 5 2 -
3 : 8
) g » 3:
) . L4 @
0fis o o % «we %o o o ® 208 & oice ceecp fe 3‘- 9.{533 'gg. ﬁvu.
b 2 B
e
-5 1 1 1 1 . 1 1
0 500 1,000 1,500 2,000 3,000 3,500 4,000
Age (Ma)
K2
MEZANVG T £ F A ENESRT B9m B FHE AT, B 2 A ECEH

SR 7 B B B AR B R Rl AL & #HE . SIMS 5 IRMS £ Xt T A [ 4L & 6 AR T B
MRFE ERAAT, RIOVAAXAANRFETLGERTRED W, TUEEERF, &
MEUEAEEE 1/E 2 B4 FE A Q30:

Q30 LAY, RMULIGHNEREL WEALAKYE: FRELHENERTHEEN
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IYHCR d, BRLIN TR] A JE I LA AR ) AR T LT AR T TR R R P 4
SHEZ E; (4) BVBTE P, RoRPIIARIR L AR A T A RN B . 3
CR N RPEDERNANZSHINER, B (D) YIBAFE—K 24 NRFEIR
IR R A R OR

K W X% A5 4N
HEFEK 0.0014 0.0015 0.0050 0.030
LR ¢ 1.0 0.2 0.2 0.1
By aEd 1.0 1.8 2.8 7.8
WA= P 0.038 0.024 0.053 0.168
A. K B. ¥+t C. XA D. R,

18. CLAN4E BAIFE EfE (Wien displacement law), BJfE—ERE T, 4aXf EAAM
ek 55 5 i S e R A R o 7 R WA 30 A T AR Dy — B i, R W = 40t JR AR iR 2 T 1
W, S R KB A U T RS B (EAEE (AL AR R BE SRR R R T I K, &
SRR MR EAWREE, BRI ER RS aEkE  C ).

A. W B. %1, C. 4, D. Aff.

19. Bk (KR T 1 2K MKl aFFHKFMSERSFREZRKIRZ,
PRI AN 2248 T WO HBAE B i B fie, B LR 8 =& 55 Re ). an R EZR A T
TR SRS R PRI 5 2 T AR DX A R e e 2 T A A R, 38 (D ) BRI
WAL AR LA AiE ?

A. 3 YK, B.3 =X; C. 3 JEK; D. 3 5K,

Mk A MK T oy L shtt b, X7 RH 2R 8 THIT K. ALXT A%
B RAEER %S (Fe0,). %47 (Fel:). %% 4 (FeC0:). 8% 4
(Fe,0; * nH,0 (= &AL =4k K &-4) A= Fe (OH) ;) o B R E R 094 7 IR L3165 Kk
R 894Uk B4k A R . TR R (BIF, — ALz 34K) . &7 F & A sk 7 ot A2,
%7 ke # K 2R47 REF &ledm, AXEB EAHKGAL, BERHTE
20-21 A4,

20. W7 RAE BB RI R AR M EER C A D

A. TEERE B. 7N C. 805 D. JREHS
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21 YUK — R BT K A, e B T2 ¢ B ).
A WY B. RBRET: COZEERET: DL RERE.

BEERE BRI, BEEE K, EEX. HTFRARAAN L 45 A& E
TR R T LA, HakT @ E 10 A2E 11, ©& 22-24 ],

ZRpiERBx AN FROmEN
ES SCLM

B 10 B E4R5 mA K X,

- W Bik

R LR
£R 5l
W7 AR

- K
A% G5kl

%EE~&H

L SEL ¥
WL

B 11 BT T 5 HEX
22, WAIBEES T C A D,
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A TERRBRIA % B. BHURBILZ;
C. FHR RG24 ; D. #Eh KA %.

23, BRI B R C C ).

A BRSBTS, Co IR, D. HARH.
24, BEE N — BRIC IR RN, IR —A a2t gr s, AR
WRFETHRBhE)E ¢ C ).

A IR/N; Bobhs COEEKR; D LR

WA R B IAZREMRAEFG KA T, BRMT, i B85
I RAAZ AR I ARG T AR B i, Z BB EZRAEN A ERBAMREZ, RE
HE PR MR A % B R RAUER . B IR LA & F AN X KA R A s A
BEENAR, O3 “GRFHEEMEERNALTR”  (LOICZ). “KEHALLKLM
BECX]”  (MARGINS S2S) A= “ixA K[kii%” (RiOMars) %, TIZI
ALK, RREFEROREIAEETRABNALLIE, thdode, THHF,
TE A F A B E A%, AT 25-30 A B AR 5 AR B EAEA £,
25. IR ( D) WUIAETEN Y.

A. B, B. &4 f1; C. AMA; D. A4,
26. A T RERUURPIIRIE, R IR bR R4 52 JE JANGEE A, aniidsidl 22 K,
t, MmN, MRS MR IXE R . FHAZETYFE, ( A D BRES
H TR R B -

A. B A B. &4 f1; C. MEA; D. S £,
27. HTAER PR B R TCARANE], R #E fd e b, K3l 7540154 A
2 PRI PSSy 5 o A5 A — SR ORI I Wl X SR B — A 2 [m) KA1 18D
MNRIZZKZE, &0 ETRHRE S 2 D ).

A. FAPEIREEAC, = BRI B. AR AR, = BREW

C. mRERETEMG, mIAIREF & D. AREHA &, = R,
28. # EURERE X PURIIBE IR X, 3 B 75— s e R A B h b 2
WEEME/ANTT R, FERT DU ARG AR IR X ) To 3R EUAE TR br DUR BRI o DL B
MERWENET TYERE C B D,

A. Cr/Th; B. Ca/Al; C. Cr/Al, D. Sc/Th.
29. JEJLTAER, BRIk TS, U E A T (U-Ph) AR
UK, B SCONTTRRIR A E T B, R BEAERE ¢ C ).

A, SRR FE TR B. AL /N

C. fEEMA P E N Z ; D. /KB )55 ).
30. BB EAERAM A TR R AR R, B 28U 48k 206ph, DL
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J U ZAH 207Pb XA A R I RBRAE T 28U/2°U 7 E e TG A A
I ARRFFE S . @, AR 2°Pb/28U 1 207Pb/25U AR 2] U-Pb P
FE G FE 12, Hdr, 2000 Ma CHGEERD R S OE R bRE, ER
F A EIRE RN ZAZA (B ).

A.1200 Ma;  B.2800Ma;  C.2000Ma; D. JiZill&=

T

0.6~ =

o
s

2000 Ma i

206ppy*/238Y

o
N
T

1

0 L 1 L 1 L 1 L 1

207pp*/235Yy

K12

= MBS (RIERSE, S MERERS 1 2, &1 )

K3 &4 AR R AR K #Svh, 7 K@ KR KRG HEA A R KRB £ 5 7
Yo MI13A—NEARAEKEG%, RE\EKETHANNGEMAKFALENLE L
BAHE BANTE 6 KR, AN R AG— LR F L6 & e KA A3 P dm B PT
T, ARELEETE Q1-08 ¥,

AX B X c X D X EX
M, 5,  BRSHR SREh,  Me, Fifs, 494,
7§, At BT BRASNR AR, REHSR
N | O | e P - — R
~ " - EMBRE
>afd, | e S A i
| é-ﬁ__ﬂvk ----------
ERAE B
13
Ql. [M¥RMARE /K AR REM X EZE ( B Do
AL A IX; B.B X C.C[X; D.E X,
Q2. &M e KPR EAE AL, RIKX I RERE ( B ).
A A IX; B.C [X; C.DIX; D.B X,
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Q3. N R TR IR T M EOK T 5 R EMESH D 8 R R &R,
C A D AFER IR X SR 9 &I

ALA[X; B.C [X; C.D [X; D.E X,
Q4. E X Bt i AMETS R & s Tl b, X—IRMN C C ).

A EVES: B AR COAEWIBCK: D, RiEWhE.
Q5. 5EFMLIL, XFHATKEPYMEZTLERHE, TRRSAW TS
( ACD ).,

A WK EHEZHEMRE, XA Reaigmyrh i8cE .

B. AR EH D RITEME, X A] BE S D P i

C. A/KAIBAR T LRI 52 Y ], 31X 7] BE 23 el b P A i B

D. ORI s EER], XA RES D IR i
Q6. KK FIKEE RN TR FEER ( BD .

A. % B. & C. & D. .

Q7. KA G R KA E TR I EZ o u 702 ( BC ).
A. s B. f#; C. 7K; D. f%.

Q8. HiIk FIiR 5 /MR EK EL) S HEREKER (D ).
A.2.59%;  B.0.59%:; C. 0.007%; D. 0.0001%-

BABRGT, SRMBEZ AT AME S, BRELGRKEHX R, /&
ARHE, ARRTERELENRYR, NMUGERE—ANED R AN T4 8 &
BT S, mEEHE AP, B 14 Z—NDLUBEHR, FHLEET
@ Q9-Q16 A,

%% gy @

Kl 14
Q9. B =29+ & ( BCD ).
A. JbE; B. A Bti3Y; C. JbtkfE; D. &,
Q10. FIHEEEAEN &N E TR AT 6N, S —J0N T — gt aEE R
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ZIREARERT C C ).
A. 50%: B. 30%; C. 10%:; D. 5%.
Q1. FEEEMIREERIET ( D ).
A. +3E, B. K4, C. #AdEYr; D. KFH.
Q2. R FF A RN & Em T RIES, X—IREA C C ).
A EVESE; B AR C AWICK; D. TLIEHE
Q13. MEUFFI AR AERI B IEIEY), EATBNEIK IR P . B2k E
[k, ALK REFF S B A BE2 ( BD ).
A. FRE AR, IR RS 535 8
B. FFESH AR IR, G AE B SRS s
C. WiEHIEERR, ek BETE 53R &)
D. AERE RO, JERRE MRS B .
Q4. KRR FEAN AR C AC D,
A. VKRS BUK T RBOR R e RG22
B. WEUKEAL S BOK W UK BH fg &b
C. S5AbMRARE I il E S0t e
E. 5AHARIE T A B 45t [ % o
Q15. AXRGAEMHEATIRERL ( BCD ).
A. Adrft; B, BEEWS: C YIBEM:  D. EEAfLE.
Ql6. A EMPRMEE LR —, EHIRJLKIREF, HKHE ( D ).
A KAREIRRE; B, KERRE; C. AEVIEIRKE; D. AABRE.

FRE R TR B H &I, AT 26° 007 739° 477, A4 73° 197
T104° 477 z i, v ELEMLRE S, LEL AL, FRELkFARE L
bk, ®IA ARG BRAER R LR, RGN E RS LIREBEAE LS
A, FRHRGERRY 250 7-FF K, AHKL 2800 K, HLEH
30071500 F&, RPEZKK. BRERRZHOZHR, WHAH “HEREHF, “F
=M (B15), AT Q17-023 84 5 F @SR A *
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K15
Q17. AR RTHlm R AUk Em 2 ( AC Do

A, ER-NV K Rl 48 A B KRB AR 29 7E 65~41 May;

B. K-V K Bl A S RS- R Bl i 20 7E 65~41 Ma;

C. Hkm JEFETHZE 2000m LA B 56 76 JRG= 25 A 285058 P

D. MRS B 5 T IR P H5 DR i flf 43 25 SRR AR
Q18. KTk = Jir P T M S e Hs i vk IE A 2 ¢ AD ).

A HiZ A A A 3R B DX SR 4 A8 T 7 AR I 4

B. UURHLZ IR 22, BTG, RS4RI 0 5

C. & ILEH B At m FH AR 2

D. IR ERIEHE TR .

Q19. FHim R FET SRR N B I EHEE ¢ ABD ).

A. #5EIEE; B BEAIEH:  C UIBUMEH: D, BHEIEA.
Q20. ik R LG X Wi B K E . A5 & 5 LS Z1 R L W = B 3
( ABD ).

A. WA, B. EiFA; C. IEWAY, D. st .
Q21. Wi R LG E WARKFEH ( ACD ).

A. HiE; B. M BEALT C. Tefaiis D.F A
Q22. 5 s R EF# VMR INLKE  ABCD ),

A, BOhHELK; B, BT C. B&ilifiks D Riliifik.
Q23. ki R X AZ I R BRI, EFRTKEE K BEA IEFZE ¢ A D,

A. N ST e A R T W R N P, AR T A RE

B. M0 5] e A R T R AR E

C. X R AR AR F 5 T 51 R e 2 o ok 35

D. S A SRR B K R AR R

IR (lce Age) A FFIHIKK @A K iR A KIAT MEQ A, F B RIEHKN,
WAk B RFE S LR N KIAGERREY Ko BATIAN, £F KO0 L,
Hoak o9 ALK EH (ice house) F=im'EH1 (warm house) Z 1A% (B 16) .
JREFA T HLAY 1A B IR BE EAARAR Ay Tk B . ESLEIAT @ 024-029,
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GMST (°C)
n n

Bl 16 AR IR EAR 4k . W OMTRAR R R EUKIEH, BLR N AL, B
Feon A TLRAEY R KA KA . GMST-2ERFHRIMIRE (J8 Judd et al., 2024)
Q24. HuJ5i [y st b 5E A IV AR ¢ B ).
A, B B. H¥4; C. Iy, D. H¥E4.
Q25. VKIHFE DA B A e s ORAFIEHR 4% ¢ ACD ).
A. UKEE; B .VIES:  CAEMNMAFAEFRHARMRER;
D. & N FEA PB4 I 24 Bt X R R I 5
Q26. HERMIK (Snowball Earth) # Ay @& b 57 Jy s b Pl dse Bl P — 2
JRAN T SAE AT, E R AE R BRI R R T BRI R RS AL 25 5
KT HERHBRIAE A aridsh Rk, AR Z C A Do
A. HERHERIAM, SrkokE, AaiEshZab. RAEEEKEM, A aiEs)

7 RE R 30
B.fEVKZEE . KL O DL IR 3 X8k, A7 RS BOA A4
iy ] DAAF I

C. TERIUBERIIA), FAAEEVINRERER, (854 amn] DARESE;

D. FERMIERIIN], NAZA R B A YA .
Q27. FERMIERZ 5 HIMBERAE B R A T RIR B A4, il R4z Rz,
RAF T REREZEY) . TAIAE T AN A a R ¢ C ).

A, BEITEA P ORAF I R R A7 R SRR SR 5

B. TS24 RAT B IR AT 5

C. L LR IHTUA ™ A i AT ;

D. BELeH T RISV AR AT o
Q28. BRI UK B, R4 T AR E S — IR RO 2R
FEEIYI~50%H )8, ~80%MIRIH K. THIA R T RLAEMRIE ( B .

A. fifas B. &K C. FEahi; D. 431
Q29. FATIAEALTE S VUL VKIIRT AR, 2.58Ma 224, FIt KRG S8R 22 BTE R T
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AKAMERIUK R, BRI REARER S JESSAbHER B0 1 i AR K KRG vk g, 157 %Ak
e 2 R B g RO X R R K. S8 T3 DU 28 0K R B R R A R 1
(D Do

A VUL UK A B A TR KA AR, R R B 0K T AR K AR 4 Uk

B. A FE M FIC S UEM 15 P LUK R AE

C. BV R AEMFEIZE) . HERPUE B IS A — € K &

D. Tl DR A SETE S S SRS AT &, A2 Rma s U 22 vk i 4k 2t

EET %K.

W17 AERReg R FHE-FaE, KPP iEsied s Xt fe et
JRSE R —3q B, EHLE AT & Q30-032 )4,

<
— .. ; - e —
\‘Aé..;!‘ = e - == = ——— e e
wf;”,u;\ e
@ .
p =
"'S%-fk-.
ek,
*‘.:\;}— Wi, FUMAFIRS70Ma e
T,
o,
N
\’3'—"»‘ Pib=

17

Q30. HRAEHI A, FRATAT AR & B A A7 LE 1 15T A4 R 5 30 2 % Hovs A g 2,
M2 FHIUEIERFEFZ ¢ BD D,

A, RXHEE SR, & T E M L

B. ZXKE TSN ZMEM, AT F20E AR

C. X AFAEHF TR ] 5

D. XX AFAE TR YTAR ] o
E OB BMAEAFEERIE, MAENEBREEZBCIEYy. 25RER 24T E
A, FUARRAE IR KRB E RALFHL, TAERERA R TRETR A H R
BRI TRREBE, AR —F B FEARE, TEPRG NG, X
PRI AL R A o BT KU £ 69 B 5 R ARG P89 i m AR SE R &
P2 Bp b pR 8 AR AR AT (2023 - 2025) e

Q31. W AERIERAAE ¢ CD ).
A. KT RE T RER: B, /NTHESEE B RERS
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C. M THER FBRE SRS TR U RS 2 (8] D. KT HESUE TR A0 .
Q32. W& I RUNAR, AR HE A 08 B a e RN, w7 AR & FOE s, 28
M0 iR AR T 5 SE B B PR R, T A e AR, 04 ] DR 4
( ABD ) g Bl b & T8 B AR

A, TR ZE T B. HAEMMNA;

C. WEEH PMAER LARR & FFRAEES; D. W8 P4 rT CARR & T RS .

BV A FE IR, B Ik EFEfe K AR BABYFTH R SRR %, £
2 K54 RIRE), mMHKABAG LIRS TR TFH. B 18 Ak L
@ FHE, FHRELEDET @ 033-040 74,

"~ incoming solar reflected thermal outgoing
solar TOA TOA

atmospheric
window

' - >, greenhouse
solar absorbed latent heat Caree
atmosphere ;s
solar 1 85 solar

down reflected
X ¥ surface

84 20

(70, 85) (15, 25)

-

imbalance

0.6 solar absorbed ~ evapo-  sensible thermal thermal
02,1.0) © surface ration heat up surface down surface

TR TOA, KRJZETN; atmosphere, K=; surface, 13 up, Al L down, [A] F; solar,
KFE4ESS; thermal, ZLAMES; incoming, #iiA; outgoing, fith; reflected, Jif;
absorbed, W{UA; evaporation, Z % ; sensible heat, #UEH,

Kl 18
Q33. FERAETH, ~FHTHERZAMRE S L e RN C C ).
A, KFHARES N B. OKBHERSHT 1 S5

C. HARFHEES CRIN-FU); D KA K B4R 5
Q34. fEHLFR, Humpm FRuEER (B ).

A. K PBH%E S SR s B. Hikzm Ak GERO;

C. T UHO; D. #hMES (A b= R
Q35. A ( B ) Wm™ KRR = 2 RE 2.
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A. 100; B. 76; C.79; D. 24,
Q36. Sz 25 K PHER ST RS EE KR A ( AC ).
A. mE; B. =& C. =&; D. =¥

Q37. MR IL MR EHEARE  BC ).
A RGHE; B, KARERmEPEZE; C KAREE; D KRLENEE.
Q38. MR A K FEFRAFE ( AD ).
A, RIS B. KAHRM MR Z;
C. KAHE; D. KARARNRSE
Q39. HhRM AR, RIm F/m FROKFHEES 228 C A ).
A. 13%: B. 15%:; C.25%;  D.23%.
Q40. A ( D ) Wm™? [PIRPFHEE S Hh3k A% RGN
A. 185; B. 161; C.79; D. 240,

IR G K A F AL R IRTS I MR T E AL, R0 IR B A%
Wie ENARENEN &SR KB R E B F IR T 28RS,
WA R, HEZR, T RADARKLFiIAE, BEHLELEEARE, K
A Sl iF Z ) & Fe s, T IR IR K LHBIR B KL F s A B 4EE09 2%
o0, A R B HTA AP, RS KA AL T A F AL B 69T R, A
B — P AT TR I, HAREmEF RS ERFRT KA
SR EWh, HKANLES (GOE), AmAT T ARNLHRGKHE,
SLE AT & Q41-047 19 A
Q41. EHERFI, KIIWBUA 2K SRR EERIZE, N ( ABD ) J##
5 KRBT .

A. BERUKZES, BIRSIRE

B. B SAAR,  5R = RR

C. B bt, FEORTAEKREF =

D. fRALmiyy, FEERYERE KR4
Q42. TEHMERFIA, A W& K SCHEARES, fh2RAE AT RERILE ( B )
ISP

A MGERE R, HRRPEAISES:

B. MALEZRBAR, FRAKE = iR &

C. WAL, BB AR e B 5

D. RAAER sEa s 1k, BREA A R EAE A K.

Q43. fRBHIER I KA AR R IAERT 100 £, LR ( BC ) HJRE
FE I A T A BRI 6 K SCAE BA ) 32 BRI
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A, HIERIR BT BB RAK, AKIBIA IG5
B. MR R E TR, KGR,
C. MK EZUIRRWE I, (R 2% KAk
D. K> ZE R T P
Q44. fEHIBRR AL FHME (GOE) KA, LR ( ABD ) MR ReS5igEY:

(AL A G
A, TR IR R K EDTIE
B. ALt A BRI
C. BpFR SR TR R e 300 P 28 35 19
D. g pH BN B2 R, K& TRasE.
Q45. B ek B B K R B E N, LIN O B ) mIRER/KSOUERILEE N E
BN
A, TR EERRAR, A AR A 555
B. fbs KALAE I o8, KRR EhHE N IRFE s
C. WA EEMIES, AR
D. hFa Ao AR N, YA .
Q46. FERFRIKAI (FEMBRFM) 4%, BN ( ABD ) BIRATRERE.
A, UKNIPGERLE, BSOS Y 2 NI 5
B. RAARE RN, S8R RET
C. M7 P AR BT 3 BUR AU E Y Z B
D. A2 KA RN, RSO E A ALK
Q47. EMBOK BRI A BT RE S, BUR O A ) SRBEMREKAEIA XS 4Bk
AR TAE
A, TRPEAIE A A AR AR, B I =
B. JRAEMIE L KL E SR A, SN B
C. /KO IE A R IR &, g AL,
D. KBNS HEIRE, Fa e IR .

WEREAEDRG (FARIPARCEEX L., BRL, S92, Ra
R, BRI, —BR, Z&2R, hF LI FR) WERER, LEMhfHiEd
IERE B TR BT A A9 IR IR A R E LA, B 19 AR EHELIH T E
H. TA&RT @A,

18 / 24



2024-2025 A4 [E R AR B IRRL S UMK UG b S R IR RS S 5 A

C & il

—
HF
> =]

SEmx \E

B\
By

AN &
4 cu

e = s B I
NN AN
cu cu

s
o3
- NS
Iy i}

A
X
N

/2

PEEREE

1:5000 S

K 19

Q48. WIZARILMKEE ¢ B ).
A. FEXT PR G T 5 B. [ FAILK PR E;
C. AHXEPE R U R T D. IR K230,
Q49. ZIXHMF R/ DA T (B D,
A1k B.2s  C.3%;  D.4K.
Q50. ZXIM&A P A/E I FEZ ( D ).
A, DURCE . BIZMER . KFFE. AN
B. KTPEE. UIRURA . AR WiREA;
C. KFPHE. WiZER . AR JIRA;
D. JIRE . AKPFHRE. HENE. HREAN.

B %
= SEMNE (BEEESE, B ERERRT 2 o, G2

Mtk H R XM 2 B R AET T2, B ER T 20 F67KMEH
(F32) Fegf ki (W7 &) Mk, Eb, ECHFENMAET 26 L LY KRN
TR EH, PSRN TR ARIEBRATHRRTEA (K
FIARAIUE, 8 B0 R AT SR AR R AR R T R4 5% L 0 3L 36 Ak,
EP/Z'-:C-l_ll'laﬂo T%ﬁgﬁﬁ’ Onﬁiﬁﬁ’ Cy?’*]gfiﬁ, uy‘]m@;}%%‘&il{o 4?5\’?91;
R ZME B LB A REWwB20077, Lot B MRS A50MPa, KM EHE
A% 40.5, 61=200MPa, o3=50MPa. #EIE% FHRIW1-W6.
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lO'I

03 —» <« 03

T Oi
K20
W1. “F47 ol MFEE o3 WP _ERr2 2 IER BT 1737008 ¢ A D,
A. 50 MPa 1 0 MPa; B. 200 MPa £1 0 MPa;

C. 100 MPa A1 50 MPa; D. 200 MPa #1 50 MPa.
W2. 0 8 30°H)~ i B IEN A1 ¢ B ).

A. 125 MPa; B. 163 MPa; C. 185 MPa; D. 200 MPa.
W3. 0 N 30°H)~ i ERETN. 38 ¢ B ).
A. 45 MPa; B. 65 MPa; C. 75 MPa; D. 100 MPa.

W4, R EEA AR AT, AT Dod DUR R L ¢ AC ).

A.ol K, o3 A%, B.ocl A%, o3 #K;

C. ol Fl 63 [FIHF /N5 D. ol il 63 [FIAf 34K
W5, FLBRIAER) 2 AAAE T Ferh, AT DU A FLRBR AR g, LB A R /AT DA
S9tbE A, ARG RAEBNR, B ERIELT, FE (D D KL
AR AT DA A R AR BT R

A.42.3 MPa; B.47.5MPa;  C.52.5 MPa; D. 57.3 MPa.

Wo. WrjZoRERRE 1 e R PRI, R a5t/ N EIRIUY A D
A IEWZ . GERWTR . WS B. IEW/Z. W= ER R
C. EWWIZ. IEWZE. W2 D. Wiz S WEVER K.

W ERP RS EIE, AAMSTAS AR, I, M, e, X
ABHF, HFRMNRET — R 79 RBA X LR B EGEH), btz
i, WiRAEE R F, BAl—AUAAN XK B EZ A4 LIk E 5%vh, GFAW
RMRERERME, ERMAR—NFFELRGZA (B 21 iF). BRHEE
VAT W7-W13 5] A2,
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2024-2025 “FA 4 AR ERRE A B IL 7O SE SRR 2 5 i

K 21

W7. b HL0E P T M SR B T L ERSN E B S S A BE, AR BRIZ B B L
WA A EIEE . BRAE A B E A BN 3g/em’, i A A R 8
100km A& 71 REZ ¢ D ).

A.3x10° M+, B.3 x 107 fEi-R;

C.3 % 10% M+ D.3x10° i,
W8, WG s & SR EMR, HEBEsIRES NI kB R, (H2
WAEHR L AL T & 2 PSSO . R FIAR Bl S8 A 55 Ll 28t R AR P o)
IERRZ C AB ).

AL PR - PRUE AR B. Wiy - JRUEHE

C. ERKILF - homitiE NE, D LA - KLk Z THE.
WO. EIAHIFE BRI R FE N, (HIRMIANEMIRTIEAER RS . HfE
BLEH MR AR BIHER 5 FEUN B, JUHE S k. BIERTCIRIAH P AT S
W) BB 22 R AT T S YR A BAN A . B EE B R IRIR N h=20 km,
FEHREE WS BRI HERER) N d=50km, P JEAEHLSE AP EE N
Vp=6km/s, S WHIEEN Vs=3.5km/s. i 11], P IEILG, KEHELZKH S %
FIETERSE C B ).

A. 4 F; B. 6 F; C. 8 F; D. 10 5.
W10. T4 ¢ ABCD ) [RZRSXF IR = A 520 ?

A, SR B MIEMKLTES); C. SRR D. Mgz,
W11, T BRI 2 2 RIMA EAEH, FHIEEERZ  CD ).
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2024-2025 A4 [E R AR B IRRL S UMK UG b S R IR RS S 5 A

A, BRI IE B HER 1R A P K S 2, T e A 0] 3 B4 IR A P A2 2

e R Hiz g,
B. M3 — M) N2 S IMZ RS = Az, Ham AT m) bhiscdsa e, *f
A i R AL R L

C. HbEk 350 4 5 A e B = B o Hb R RN K LB B b, i v I o
R 2 DU 308 T AR R v 38 R IRS

D. HiIR A IS B0 R AR AT K Pl A 5 AR SR RE i
W12, BRAEAR AN HF=E A K LS B AT Re AL 252, R 20 A] Be AL A0 35
( ABC ).

A. VKNTHIR 5 A7 i i/, 35 R KR

B. RBRAZRER NG K 7, PRI I T =05 3 5

C. PERIGINTT e T2 ZiETE, Al iz

D. ARAZWE 5| K RACAE F 3D AR A ik 26
W13, B —REEA 1000km. 554 1000km. JEA 100km, L 10mm FE4E 1)
LS —ANTT R S s Bl o ILE N — AN DI 1 N F IRIEE), 1§
E—TNZIIPRADNRERE C A Do CREEDE R, BN 3 x 10° 41, A7
AR RS )

A 3 x 1044051 B. 3 x 10%4-11; C. 3 x 108 4+81; D. 3 x 100 41t

LR PEIRTT AL A &R (input) 5L (output) #9-F#r. H P, XK.
BE 4 A A WU RACHEAL A = B Ao i £ F 09 55 R, 1% 2 = A AL A AR 5%
BR 2 AR (carbonate precipitation) = #3223, (organic carbonburial)
ik, MR EEaCEE (A 22 B,

> Carbonate

22 EFRERAEIA IR
Ho 5 R AAE SR B 2 28 Fe AU IR A s L AE R P BT & 69 AR 3 EG 4]

13, 12
B, JE4E % B0 B E NS R R AL 51 = (/—f; —1)x 1000, T 4 % 52 it
A¥SLA BC AizZ oM+ E) o AR TFHREFAT, #REBEET
HILBEE, WA HAe FTHAEFfRl{zE §5C fE-FHAX:
Fan =Far =F spn +F anas
F 558"C s =F sn 8°C spunt F sans 8C snux
BAREANEBITA TS, 8B 65C 2xh-7.00%, FE W14-W17 9L
22 / 24
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2024-2025 A4 [E R AR B IRRL S UMK UG b S R IR RS S 5 A

W4, B IARIRIR £555 BBk [FAL R R 6 1°C RIRER AN 0.02%0, A HLEK Ak
[ ALK 6 BC A ML N-31.69%0, THE A ML I AN ik R 25 JH R 7 e 35
BMHHIZ N CA D,

A.22% H 78%:; B. 80% £ 20%;

C. 7% A 93%; D.31.7% 1 68.3%.
W15, AR SR $h2A 2 ARk R AL = A7 AR 20 T~ (B 81°C ANl S
81C TRIR #hif 2 (M ZAEME ), A ML L E i i< S8 ¢ C D,

A.3BC AHURAAL; B. §"°C A ML K

C. 3"C ML &5 D. AREFfE -
W16. AR SR 5h°a 2 A1 Bk R AL AR 2P il (R 81°C Al S
813C BIR Thid < (M Z2EAEE ), HR4E TaRHERT ¢ B O WA ML HH R LU A5 A =

R SBACIKER A Bk IR AL R

age (Ma, B/55FR)) O1C gmeme (%o)
0-250 0.5
250-350 4.4
350-400 2.5
400-500 1.4

A.0-250 Ma;  B.250-350 Ma;  C.350-400 Ma;  D. 400-500 Ma.
WI17. HR#E (W16) 455, AT 5 LERESSERSMINTN ( B ).
A.0-250 Ma;  B.250-350 Ma;  C.350-400 Ma;  D. 400-500 Ma.

BEREERS ZERAGRANF TR, &ATLENR. TIRBRTA,
fRiFR pIAEE, —AMAEAERRRZ AN, LA FEET AR LA
(R=*C/C) kk&kTo HF, ¥CACHORARMEIZENEREE, RERLE
M2 Eig K AW AT RG4St RAE, BpAfse SARED RO RIAZ b, XA &
FE A AR A S dg RIEZ AR . Bk, W78 7 AR R (845304 o 1R A
FAr Y o E Rl & A9 AR G AL s 0=(Rom/Rst—1)>x1000%o0

KAF N, C. 089R 4z & F & (A=C/Cot» | ETRZZE, Cat A LEEE)
o &

ﬁ{j% 14N ISN 12C 13C 160 I7O ]80

F (%) 99.634 0.366 98.89 1.109 99.759 0.037 0.204

W18, fEMFEZESM 85N (AR, BAFER N2 HIRA T 1%H CO. BL PR 4y
=3.6765x107 JybrifE, HLF I H ) 8N B A SHELEL ¢ A D,

A. fWE 2.2%0;  B. {4 2.2%0;  C. fWHE 1.1%0;  D. % 1.1%0-
W19. PL PR ;:4=3.6765x107 NhpifE, Isheyevo CH/CB i BR KL A7 A B AR J 55
1A PX-18 FIRFALRAE N 6'°N = 4900%o0; 1Mt 7% . 24K (Calcium-,
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2024-2025 A4 [E R AR B IRRL S UMK UG b S R IR RS S 5 A

Aluminum-rich Inclusion, CAI) HFRZEELH" (TIND Bki 6'°N=-358%0. i
N B PX-18 A1 TiN BRI EAT 1: 1 RS G &AM AR RA W, e
[} PN C A D,

A. 2271%o; B. 2246%o; C. 2221%o; D. 2196%o.
W20. T BEEIRER TG, KARRERES < (8] (A R A R ez Z T LA BL R
ANFORIER : 880 s - 8'°0 x = 0.24t +40%0, HA t RIRSE (°C). TR /K KA
RERAE AR E SRR N 880 y=0.7t - 20%0. BFFLNRET —1 20 [ J4ERH
(11000 2K B8 5%, AE 0 EATE NS B 3T, R I ik
PR 5 S TR S R LM -3%0  BEF T -15%00 175 13X A 7l =398 351 T 14D 0L 5 s 1 2
(D) ?

A.-0.0500°C/km; B.-0.0261°C/km; C.-0.0171°C/km; D.-0.0128°C/km.
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2024-2025 FELERFEEMBRNFERRT TSR
REATSERE

—. BFINSBERSY, THERES, SREEXER E (AixHBi%, F—NIE
RERB2 9, E#E—MI2 &, BERESSHR 0 o)

RAB P4 BF A1 S m WL 46 R DL R R BL e B AN IR by, AT Q1-Q11 7l AL,
QL. AT AHE, TL— R FRETFENET WBREERELTRAHENTF
&), WEX (B o

A. Vi B. JZH; C. FrHim; D. JRREL .
Q2. AL WEE, TR—RIMBEA L 50-60°H BB E (ke W LA Ri-Fm,
TED, @A C A D,

A, TYHET; B SKTEEM; C. [V AR} el i D. R .
Q3. EAL(Q2 &) —RFBA L 50-60°% A & By 5161 4 20-30°, T By 7 16 4 290°,
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RS ENER BRI REA C A D,
A. 20-30°7K P 5 B. 20-30°7KF-Hi i
C. 110-120°7K P57 1% 5 D. 110-120°7K-F-hifdi.
Q4. B4 Q2 MAHAHMWHETSRN 20°0£65°, WEBELEWY T BB LEETH
B HEE S AR, EREAL R A A RE, AT E EEREC C)
BUT, B oA REERE.

A. 110°£35% B. 290°£35° C.20°£35° D. 200° £35°
Q5. EL/ WHWE, WHEAMNEZER, WAKHA (C ).

S R S

A BUIRHIE B. HOIRHIE; C. BRENAL; D. 4i#%.
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Q6. ENBUHE, TREAHERIT (TED, IAKH (D ),

D. A,

o

Ko

~

C.

B. Wilk)Z;

A. IEWiZ;
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Q7. EANBHRE, TAHEEAHEENR—FHR (TE), WHAEH (A,

A i B 4 C it D FEHTREhEL
Q8. Wm E—R (Q7 ) AXMWAFNERN ( BD ).
A THREEAREE, EECEARES: B, BECEAUREE. FECE A
C. HFAKA: D. HEKEH
Q9. EABUHE, TR—EERAFCEAYRLEEFEE (TH), KEas
BRRLEERHEEIATRY ( C ),
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A FRRE S s B. #H. THCA
C. W Fibiiles D. &5 WM8UE -
Q10. t—A(QIA FHAZEEFR, GHABMNALGEAML, BRIEE( B ),
A B B FA—E C s D JeikHIm .
Qll. EFAMWHAMAE L, HTAXUTEHFABNRIEET, ARTHREYK
FEHN CC ).

A o~
(RS

A. SEIEJRIAEE, B. §9iL R N,
C. M5 D. 5%,
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. AEEEE, SREEEELR L (RRXZE, F—PMEBEBERSE1 &,
kE—NM01 o, BERRKSSH 0 )

BRI e A R EeAs, TENENRE, MZENRERBEERT L 5EF A
Y. wEAFFEEFETTER. EILEETE QI2-13 [# A,
Q2. UTHHEERPHAERRLEL WAEFKE, HEFREENA ( AC ),
A. IR B. Mg/Ca; C. #hJE; D. EHIE .
Q13. HREZHMIL T AW RARRET) . KRET) MBERAKKRE T £ BHHIR
ARAE, HEXTRRBEL WEERETRHREERKE ( ABC ).
A UIBRIRRLAE R 4 B AdEZS;  C. FEMIUE: D, mHltiE.

THEAREBEERMHHDE, FEHEETEN QI4-15 [,

Q4. i, F—REAFHEBEEHNWMLE. BHRNERBERERTL, BET
#H ( C ).

A. 98 K; B. 398 K; C. 298 %; D. 598 XK.
Ql5. AT LEW—BHRWHE, XPRREHWE ( ABD ).
A.D Hbitl A HufEK %, B. 5B M CAHFILATH, B EFATIEL;

C.D S7EPurgd: F, PR D. H. ZWILAENE 2R 120 K.

EHFHFE L, MANEEREAELAMRERMN “V FH, EZEREAV FHLR
M HMAANT T, WERPEGELTE MR, N BREMES5HARAT HAER,
ERERARTAREE: #E2EFE V FHRmERMALN LT, SHVETLEdT
AR, Nz EZREHEEALRATEER. TEHYEAFEHEEE BTN RE,
ENfE—MESARNMEM, NP, EHRIFFAMZFNEZTF P, EHERT
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Q16-17 7.

| 500m _|

100 110 110 100 | 0 90 100 g0 90

= 451 P |z [~ |z fm)% g [N

Q16. ERM X Z =Rk B g & 1 Bl — 7 B atey, MAETRAT ( CD ).,
A. TR B. [A)RHE & C. AR e 3 D. R4
Q17. AF+ORAMMHWH REERTEE ( C ).

AL AW, A A A B. MRS R = R
C. BAIY K AR 1™ 8 ; D. [ R B 4 MR

NG NARE., TRE. BXEEZAREE, HEAHXHIRELE Q1820 944,
QI8. T® ( B) 2R EAAEBEME.
A TERR: B HEGHEMAAME S C KA D.ORA KA.
Q9. THWER, ( C) FREFE,
A. WA B. IR&HA; C. MEUA; D. WA
Q20. A FRHA MgCa(COx WWH WA EM BRI EH, ELREFE—RHEACD ).
A A B. fii; C. IBAA; D. KEZH.

EMF AR E, MEREEURAR CO, REHLARBEMTHEENEERZA, F
BAERBRERRLA WRZTURTE RXMEENE, £ —MNERBERY R RERE R
Wy B RARMER . EX— B, KWLHREREREEHRIE, BRI KA E R
(VB A% CO2 JF £ i HCOy) R R R E BN E R T E BB (L THED. Yk LHAHE
FRER, KA CORETE, HRBEE, RELLFQREH AR, iR xR
LHZ AT, HEES CO,, NTTEAR CO, & BEEFAEMTBENAT, RZIFK. EE
A LU Q21-Q23 |7 A,

7139



KAHY

pCo, —®
@A W, Mk

RERRARG 4/
pacs ()

Q21. AT ( ABCD ) R&ERE R EHER.

A. RS B. B#7K; C. A D. Wy,

Q22. BERERZ AN BH T RREEH AR, kg WFHRAELE (Ead X 50
kJ/mol, FAHFEE N 14°C, WmRMFEE A H 5°C, BREAMEE (F COEAEE
AR BEA® ( C ).

GE: B REH A Dol 0, S, r/ry RARBBEHILE, R ALK
#8314 J/mol/K, E, HRMIEWEE, T 1 Ty REKLFWEIEE FMH)
A. 23%; B. 33%; C. 43%: D. 53%.

Q23. ERRMMF G LuTH, R W PR REEAETRFEEZR. EXLER
BEAR, X T EFRIFFBRICHTH, KL TE X REE W W3R 7 5 b3 A 3R A
BE (B ).

A HK; B. /b C. I, D. AHisE

E X7 K (Magmatic deposits) =15 & K e R BIERER S0 FIER, FEoiteEsH
P RE G AR U R ET BT R RERT ERATEERT REEAEHERE R0 7
R RIERDET K. BEXBEBEERY R EREET K. 5KLEHH AN EXE
RY K%, 2XT RAE—ROBRA TR%E, - RBMNER e 5 — R EKAY REFETY
KR FEIEE T E Q24-26 [,

Q4. £REF KRBT ( C ).

A, BT EEHIR; B. EIIEEIAK;
C. HRIERNIK; D. HHRELT K.
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Q25. &RAE (5A) ZEFEUT (A) BXEF.
A EfaRlE: B kA C IWKH: D ZRA.

Q26. RERAWRERALT KZ ( B ),

A B)EE B &I CEXMATET; D KR

Q27. AMERFEH AR FIALRE AR 5 HARKIE, NFLEERT. —
MR, KEEZNARYARERK, RARARE, TERFEFARERN. K4, TH
JURBFEOERE. QL. OPER@OHA, LREHAZNEFIEAHNE ( C ),

A (D2)3)4):  B.@QDB)4): C.Q®3B)1): D.(#3)2)1)-

Q28. MFARFEHF AT —LERHEINLK, RINKINTE. FE, TEE, AMHE
REATHE, TUNS N FEEKERE, BATEX R FARFT U R RLEZREE
R (C )

A. TER A B. FIA; C. KA D. AlA =R A

Q29. WM IEFW NN, 2327 BT UK 4 #TRE, LT A¥rEs2+ CTED.
WEA BRI E, RRERAZERZRLT UG A ZFHRA: - R ERNTCRA
RRAF; R AR TEANEREBRRD R, AR RENRRARKIAR . TEHH
RATFTEHBRRZFHZ (D ),

A HUEREE; B HEFEEE;  COMBREE; DIKES

EARK, AKRTHASEBEMKUSSNNTT, iInkKE, FARXE LT, FE L,
KEMMBKAERLZEMNZL, ERWARSAE. RE|EWTHE, BETE Q30-31 #HA,
Q30. EBAKEKXKE FAFHWEEREE (D ).
A. IR Z B. &K C. BRZ W) D. KAEEH .
Q3. FKEKEWEERHARZ ( B ).
A. FAVETR BARE 5 R BIM A 01 42 )8 s B. FATVAETE 2 4 1A oK R0 gt 5
C. Ik B2 N B IES D. AT HARNGARAFAEH St .
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THEHEEMZANE AR 2 EEL, BNK 2 URRIET #8 £, BT K TE Q32-
33 [5] A

Q32. RFHWHWERAN, TEH ( BD ) HEREHN.
ZeERETDN LRI, SR T RRAE
ZHERE T2 HATHR
Za R ABCIRYE R A
AR EER A S A H .
Q33. ZEWRTHWRE, XITRYRIER ( C ).
VIR — I3k LR FEIH DiR% XAl
VIR e —— MR TS —— R AR —— 2 e —— R
C. MRV ——VIRBUE ——32 5 —— R A —— XA R el
D. MR IIFE——32 5 —— R A —— VR eE —— KR

° 0wy

BE-T, REAFRRTIEEAANTEEEWERY K. EREAITEE, #ETTE
FaRH A

FrakruiB

10 / 39



Q34. RELHESR, #ETE ( BC ) REEEHN.
A. T3k A FI B B FK & BI);
B. ikl A R AR P 5K A0 B R H I
C. #EH L A M TREE R FH EH O B
D. #EHO A B E N TH R0 B
Q35. ERMIRM — L E S B AN KU T 2900km WAZ B FA KL LR ZH, TR
HAEHHAREHRHE ( AC ),
A. ZEJEH 5.6g/cm® 2R EFHE] 9.7g/cm’;
B. I AT AR A, R B R MY 12.37em/s?;
C. HEAAMIAR] 3700°C, KA T EBAHSHEA;
D. BEH G IR IEN R, IS bt A2 d S SR AR K.
Q36. HEXEHFERETRUEERHNE ( ABC ),
A CHIKIREE 2R TE . BRSPS
B. FRMEE SRR T HEA
C. REEERAHITH KM bR, PIRRYES EMla TR NG, A AL
FHBE HH 7 5
D. R H 25 5 T IR SO it
Q37. ¥AWEXFEGHNBERLT WHR A LT Y, THTHAFLHNETEET Y
HWE (B ).
Mif . R, AR Sa
WAANA. Bobl BBl KA
CHA L EEREL . RHKR . mI A
D. A%, FHEMANA. Aaf. Glefa.
Q38. W L FREEFHAFETREIAHRER, LFER. TEA MR, LEFEHK
FHATENSE (%), I, II, II4HH ( C ).
A. HhFe, W), L B. 7, I, W)

Si Al Ca K Na Mg (0] C N P Fe H

-
.

o = »

I 33.0 | 7.12 | 1.37 | 1.36 | 0.50 | 0.60 | 49.0 2.0 0.10 | 0.08 3.80 1.00

II 0.05 | 0.02 | 0.50 | 0.20 | 0.05 | 0.07 | 70.0 18.0 | 0.50 | 0.70 0.02 8.00

I 27.6 | 8.50 | 3.50 | 2.50 | 2.60 | 2.00 | 47.2 0.01 | 0.02 | 0.08 5.00 0.15

Q39. RELEWRER 470 £ HFH TR, THXTEABRRNREHRHE ( A D,
A, B DR X it B R £ 1 5
B. A A I il 2 5 9 K0 03

C. B RI/K BT (#3445
11/ 39



D. )il P R AL i, IRy E o 1 2 AV
Q40. EHIRK EAWASF HATEWHRBE 8 FH(TED, HFREEHWEX( BCD ),
A BF 1L 20 3 S IR E B L. FR O ST AR R
B. B 1. 20 3 =R RIFRORE . P RIHN 2%,
C. BIth 1 NE R EMIT, 3 NEZERMIT, 4 NEKT R
D

- BTPESCRIS 8 LA OB T PR

E B—MMAYEEAR, ARHEBREEABDIT S, 2ERERLLEL
B, Bk kB AR fé”ﬁﬁz,%ﬁ*%%%ﬁ& ERER L5

B FARR A, FR— P B FHAA, TEMME AN, 2% EH
MA KK A Bl RIF A B . ARG MM E R RER AR
M09 R ARAT (2023 - 2025) b,

\V@
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=\ EZASTE, BEREGEZTER L. BRIFHHANS, HEERELLXE
TRERALGR

W1-W3 & &A1 4t

HFEZEMKMNFE ERFEAKASAAE, URFHRES A5, HRNMERZ RS
W 4F 6 77 iR 1k B A IR A Ot el = () S A Fo = A K R

FRH-ITEMXEBEHREATER. REANERKE. BRALHFRE. @ilkxE. 74
RS BEREE; ARA-ZERDE KFNM RS AXERETREE; =&
AAKLAKE, ERERVEFHEEER, BERANDRELE, RHLXTE—EHE.

5 { v . 81350

€
541

o TAHEAMRE X e FA-T X

W1 FFEA-FEMKMFE (LED, RELESBNTARRS R, SN TR R
HERERRXR; FIHAM A RIAL, St EHR R 5 &kt
FRAZMEETIRF. (10 4

A GHRARTAYR. RERA. ARA. &R, FHEMEZ B A ELTM, &
bR, —ERAUARTEAEEELRWEZ L, BZRAETESGAMRMEZ E. KB
ZHEEANAELES, ) AARRMEET, BRI, ARXFTTAEGRAZH
VEAA =& R EH R A, UREREENEFWE. LRERA—/ NS, BN
TRERA-ARANE, HTEMmAL, HEHE.

AEF: SYR-RER-BAR-ZFRTREE-Z B R mHE-T & E 0w A -
HEEREN CREMERER -HTE-KREA-Z&RAETESIRRE-FAL EHE
-EA-EER ARSI - K& AR

W2. ERERANGRAERERT RN EETHRERE? (64

fRE: SRERARENERERFIRAY T2, KELS, 5RRAREEKEM,
ARRAE. THE. KE%,

W3, EHEL KBy AR RER, FHHESH, (44

MR —&ALHE (252299 Ma). KEENEMAR, FEETAHRKDL (299Ma); R
ETELEMAR, FT=84 (252Ma),
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W4-W9 & E A4}

Mk EByR, ABEREAAWIES. B EF IR (Hadley Cel) & —f H Il 4 & &
FETHEER EWARRE KA. 3K EHSEFGRIENE AR FEM L LA,
ERGEMARR TN KT, B4, IANFRRAYRERE, FERAELANIEF
BFEFNFREGEAEL LA, ZREAAAREANSEENFATHENIE; FoE£FE
—AMGEF L EFARE, HITIET .

EAKRRELEEANGERN YR ARLEEEH PO REMANEE AAALE
KEEMNRESEREZN, REFHSFRE. b, BEIAA TR F FEHAENRE
CENER. MAFELRAREZ, TR THHSE, WS EANRRNEE/RE. TE®
TEBA B REWNSGEATR, KE LW SEATRRT U HEGE 60 ENLE, Wi
B 1B R PR Y i FAEE A 25 MU E 4 B K B

Fxtb, RFE-LERENTESE, st LB M B A B AT EW%
EAAREORE, THLERN-F—FokEA A L8]

ERBHELEF, RF R UAE Sk (At — IRk Es: 8
MR A5 MBI RAT S B ) 54 ) BBk N ERIR; RmEER AR B S orE i
MR, IRNERARSGHE Z B EE, A% REARENRENS FIREAAH
fEERH (G SHTEMEEUI T FEEAEERKL); AR KNEL, KFbE
AR E U — AN LN EAFE A (W 1R,

Q0
|/ _
\ \ o A
= per — 2 # ™ — {=
i —
w - —

Kl 1
A, e BRI IR T At R R ARIEE A R T A R S B R AT IE IR S
(B 2 i), BT BRI RA T AERAE, FHLKNTRAF RIFROGEI,
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*HRE TR e - M RET
--------------------- L ki Vo wm
N @
\(—4:
_________ N \f_ _ “\ i
i (FEEAH) ®
Horts
2

W RN R R A TN EEIL XM RAENRNE, oA K
MLEA AP ARRHRNEFRE (WE 3 FR). HIRREBERAT =08, 2
BAZETHRRB MW ERNEE w (ZERHEREAEFRD, BELTT HEIE FE
B v (QAAEFED, MEHFAFHNGHREE u (ARAET . LFEFRERNE,
W E H AN, GENRAENT BN ER AN TRANME) WRE.

A

w

Al/ SHEm

A3
RHIKEHAEEN Q, WKFEN o, TREFEN H JHBEEXRENHE
FED, A IR AR T B KRR B R AR NI, B S R R E E X IR 2 TS B B B (e
B 4 Froreh CD &, AEAZEERS, T UAS—SHHER . HBEAHARE R
FEAEHMKIED), FERE w AN 0, FELWGEHAEE u. 4 0.
it

xR TR %Jﬁtp ?Fioc’ R
..................... I i) V. am
D (o A N B |
\‘\‘ (pi
\‘\/—1:
,t_\ _______ B Y__ ‘\\ i
WE (FEEAH) ®
s
& 4
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W4 FERHAAORREBAERGE ¢ &, HEHER u(p) WRERX. #HIRK
H#ARE 0=73x10")E/s , HK¥E a=6371.4Kkm, FRBEF)E 20° 5 30°
MERAWGWEE GHELERREFHLNEO. (84D

(A xR ERASNAERE, RENMEREATE, ERE. LEE. 2|5 844
B X = F B RRBETEL]

e ER—AFEAN m WAH, CEFAELE (CR) M, KREE vy=Q0a , EjE
HBERNA a o EEE ¢ A8, REZEEN v(p) , THEEGHEE u(p) HXR
A v(p) = Qacosp + u(p) . W E|REZEHINIEE A acose .

wEA AR (Bl A2 FIE),

m-vy-a=m-v(p)-acose
Qa? = Qa? cos?¢ +u(p)acosg

BEE @ AW mENE
1—cos’p asin2<p

cos@ cos@

u(e) = Qa

KN =20°, % u=5790m/s
K@ =30°, % u=134.27m/s

Wi PRI E, RAOTR Dl TR ERRR LR R ERE— MG HEE METLR,
HTHFEARAGHERWER, @FAATHEFEREGELANGHNE uHA 0m/s, T LA
HEEREMGHNELETHERE. BRGHNELESELERI RN, EEES

EAGENENEGE h=0, 2l&EE h=H( H ARETNEE) MHE&EEE, KEH
GE, tARUGEHMEASHRETMERX Y “GHURENERTE”, iTH T

W5. FRHEREGE ¢ REARENEEANE 1(p) - ERREHARE 0=
7.3x 10755 & /s , HIKELE a=6371.4km, FREFEE H=12km , ERHEFE 20°
530° rEAW v GHELERAMNFHEKEERER, REFLAE. 4

MR mTHmNEREEEZAET N, &

oy G sinty

=M T T H T H cosg
RN@ =20°, % t=483x103s71
RN =30°, % t=112x10"2s71

ZAMAAGTE, TRLAGERNENEETE © AFEREFHSHE T HREE A,
Wi S MR E W VIR, RAF AR eEN 2 T (B4 KR % B A& T
RirfE, BT HEMMENZARSERMEZRITA, 2 FRE— W& R E L EEE
f)e ARRFRMIRNRARIA AN TRNLIBEHHERY: KR “ZEAIRENE” Hin,
EAARFESELFERRE, EAR LR AR E TR M 25 E B3 o T 28
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L, EFAGEL, RAAREULE T ARRFH AR FEHORR, —EZLINHE,
RAREATRENTRDRS . TESEAFREZIANGELL L, T1E%SEATRSE
R4, FEAATREERSGHERNZR.

BNHHEEHEET A RARNERTE « MEENEAER, T EML, AR
tRBEBGESTAADREIN . EARTMEEAFERERE KL, XX RBENME

_bdu g ATy
T AR 2Qsing - T, Ay

HE ot YEMRTE, Q AHKREENARE, g hEANWMERE, ¢ AFEA, Ty A
ARPHELAFEEE (KHEHTATREFHRS TRHRERNZEFHEE, 5K
BRETED. &I TRAONRE REEL T OGERE P (g FE) FREEHIRTE,

FrAx B y BUARAL T mTE FEWER GFEL y=0 ), Ty HHEIEENEE (B

XT y WES, M RMKETBELT MEEAEHELATHE OLE S,

/'_‘\
- I———: WHEER
. WE
y ‘\‘ 'l, O
“‘ 1 ?FJEO”
‘%E‘P \“ ] ﬁﬁ
IR | | myEa
\Q
\\,._..7
®
Hooty
K5

BT R LS ERNTREEHEELAR, TAARTEHEA ¢ BRAKERL. HEMNT
#, BRNTUERX—GEA ¢ TUNELR y MHEHIKRIE a AAFE=AF. 4TA

@ BB, sing FLAILMET % , T cose FLLIMET 1 (H6)., (F&itEHE M
A

_________________________________
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W6, FRFEUMKBHERIRTE, EaBmBRRARR, Kb RANE LGB FRE
BZTHRERERE Ty MBFEE T ATHEFEWER y WEAMEK, SHF0H Ty XT
y WEHERAXFHHIWE X (10 4

[ FaiR: TRR)ERSHERLE, ERXTERSPTURERLEE y XTEX

g x WEMAHE % , KtFEXESEX B AR (AIREED y=FKx) . UREHT

ZREHE NP BmEAEE f()=x*+k (HEF k AERFE, NAFRHK
fl(x) =4x® B—PZREH. MLNZKREEK gx) =x> #TLERg, ER)EHK

G) = [x3dx = x*+k B—ATREHK. £F [ ARSHS, dc ZRA x #TR
2,k HEEER (EEWBEAREIERTHAWEEO.]
fR 2 @I/NET, Sinwﬁfﬂé‘%ﬂ:g, cospIi LT 1

RAWS EREHERLTER AT E

_Au Qy
“ AR aH
Au ga AT
AR~ 20T,y Ay
RN
Qy? ga AT
aH 20T,y Ay
AT 202T,y3
by~ ga?H
Xty R4
2
TM:—%y4+k

IR BT RER T HH A EIRE.

L=, RAFRE T e BRI PR R A AT By 3R R IR BG4 R B 47
TA R E A o LR B R A BRI FRR S 5/ FE BN E = E &2 E K I
TERT, HPRIA K B 7 7 iR B Q%F‘E!’J/\ﬁ EHHR EEF R EAFROFE, HIREE
I ERSGEN LR T el AR AT RA AR, TMEILT IR IR E S E

DA A BR THBE Ty(p) = To— ;AT(3sin?p — 1) , ¥ AT AF#EfrEaEE

SR BERRENER, T, SARAARTH T, —#, HYARPHERPHEE.
WAWSEEA ¢ MREREE=ARTA = A D SHEHIH.

W7. EREEHFEEERRAR, KB AFES A PRGN I T o e A iR
Tg, WERZK. 24
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e K =0, &2
AT

TE0:T0+?

W BARRERZ THHIRKAESENRES T Ty HGEACEANAREAZT
WHREKEEGEEBELNT Ty BAE—R, HEWE TR, RAOVBORSER TR T HE
W B A R A e AR R B AN AR FERER SR, HBEEREREMEX

g
T (K)

i 7
WS. EREBEGTHRERURTERERE TR K a,b,c,d HEX (c,d KX 4
WELHANEERRNELAEMN, EXLR L TR EARRGELRFAEBRAAR, H

FEEEN, BEAHL LR EEZEERKNE RS, FFHFE). (64)
aRE5b RZAAFHELERNARH S TR, EABENNREEISEHF

(R
B KB ER TR ERANRE. a x5 c RZAEKRNWAZ T2 BRUK Db
wREdRZEERROAZHI TR, BAEGSEHMX e BAFRZHANAELE.
Flt, am5bRZERAHAERNAZ T2 ERET a f 5 c nZ A EKRBHAZH 2
EARUED m5d B EROAZH ) ERZA, K& a, b BgHE LR %A TR A
ZAREINZARERBNGECE (HAELCEANTRTBZARENFEME). XA

c. d B AAREY A BRI SRR SR E U F S BBy AL E .

BB LHMAAT, RIEREE TS EATANERETIAGE, woET T,
5 Ty 2 JE 2 (K b Rk B R M A T 8 2 O B 4 A
BNRBHE D,

Wo. WHA T, 5 Ty #F y WHARRR, RUSEARRLESKENER
Y RKR, R Ty, — Ty, WRER, RATENAKE, K8 ¥ (S km, RE
SAEMHE) P Ty — Ty, CEBK, RERLMO KEAKE. (154
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(A 7aR: RRLTUREHTELILEARS x B EXKRWER. X TXME [a,b]

WHEx M EFHER f(x) , CEZXEES x HhE K@ R T &L 2R f fx)dx =

F(b)—F(a) 53|, % F(x) ARENETLZ R EEWEERSR, RREFHEH Kk

EARB T ERIE . WAL, f:[f(x) + g(x)]dx = f: f(x)dx + f;g(x)dxol
[ 742
HWIKEHAEE: N=73%x10" I E /s
HIRFF: a=63714km
M EREE: H=12km
AIKFHEES THIRE: T, = 255K
- HIEE ZF: AT = 100K
B mEE: g=98m/s?
MR o BBy EARRML R, KM y B Y
Lir b E/EIFENENREA Ty, » B W6TRF
. Q%T,
M ZgaZHy
EBRMARARL Ty =T ,

1 Y2 AT,
—o e Y+ T, =To —5AT (35— 1) = ——Y? + Ty,

HTEARERKL, cd RZAZEKEARE x B RN ERAEF, BT

AR, Ly #Elc mZE, —HKEGRS x WERNWEREESE, B

f(—ZWﬂHy + Ty, )dy = _f(———y-+n9dy

’ 5 AT 3
Torazg Yt Ty = =55V +TgY

10g
R AL SK AR, A
5ATgH 5(AT)?gH
= =22 -7, =2
3027, 0o~ "M = T8q2q2T,

RABIER
Y = 3797.8 km
TEO - TMO = 592 K

B 0 1]
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WI0-W15 & 244}

HABE (D RARTEOHGAFANRLENNARSH. HEXN I=[r?dm
Heb r BRETT dm B ESHNELEE., S TTENE, B ETNABLRES
A, TREAIEEL BEHE R,

W10. REZFHFREHEX, UTHLREREHN? (FEHEHE, 54 AC

A IR ARBES THREMIAER, HRNEAREEA
B. MR AR E T THAMMEIE, HROEHTHEEAX
C. TEER WAL T ERUBEAEEN T T HR 12
D. TENSHG AREN R ERUNELEENTHHER 12

MERXERWE I/MR? (RA%DRERT) RAENEIRE, L+ M HERE
KFE, R AERFHIE,
Wil. FREEWREAREETFA_0_, RRABRNEFITREEFH_1_. (440

TEMRAME A B (Differentiation) /1 #4 REHE LR L EHE: BT
(k. ) TARREBES, BAE B, 8% LIPABESHE. X—HEE
FUETREMRENT, FRRERATEET I/MR® ¥l .

W12 BRATE A HHS ke, REARFREET. (64

UibsiiR: OMFEEN r WREHAHRE, RREL—AFEIE dn , H#
HREDE—AEHNE dI , B dl=ir2dm, @M FREHRE, EERTETLL

TMATLHENNL TR @FERABRT TUNERHKEGS x ATEXBWER, L7 A
THEFDEMEM. B8 dy=Ff(l)dx , W x=r B y B9EUBRLFH L —ERo
fordy= forf(x)dx #23,.]
(EMABHAGEZ R AN ST ER T, TESATKHERN 1y HRETH)

A RITERFREAN M, ¥EH R . BEFZATHERT, ENERTFEEAN
r, BEX dr , REN

dm=p-4nr? - dr = M 4 Zd—SMZd
m=p nr r_47TR3/3 nr T—R3T r
BANERTNENREN
2 2 _ 3M 2M
dl =§r2dm =§T2 'FT’Z -dr =Fr4'dr
MorREEANRE
I Ram i = 2M R5_2MR2
= . R3T r = R3 5 —5

BNEEETAH I/MR?=2/5=04.
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W13, RTEBAB. SAEER: ABRLEHENREN 13, ABREENSNEFEMN
2. WERHMTENRARERT. FRYIRANEAREE TRILE, 2230

FEH. (849

WA RRNEXEN T, TERFEHN R, Wr=R/3. RABREEA p. »

BEHN pm » MW pe=2py -
BERUTHERESH. WEZRE

4 3 8 3
Mc=pc~§7rr =—mnR°py

81
S B FE
M=o (e~ 2y 2 10 ps
m = Pm (37TR 3T ) 81 TR pm
CE
M= M, + M, = —2 2R3,
81
BETRITHEAZESIENEARE. NENENRE
I, ==Mr?= inRSpm
5 3645

(I, :/101\4cr2 zlo'inRspm )
729
SERESIRET WA “AIRBANK, BT
=2 2t 2 A (B o (B) = 226 g,
5 3 53°\3 3/ 3645
3 2

(=0 57R% B ~1-57(3) o (3) = o 2pa TR )
3 3 \3 3 729
SR E
I=IC+Im=£527rR5pm
3645

976
( [=1.+1,=2 =—==1R°pp )

729
HARERTH
= 122 = 0.3873
MR? 315
I 61
( W = /10 . a = 0.9683).0 )

INTHEARIKH 04 (L) » ERAMEEEFEEKHF O,

SR
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Wi4, EHF A GRS ELER, RITERRABREABERNTE L. RRABHE
X 1220 km, HIREFTEN 5.97X10% kg, HENEAFEEFH 033, (64

M. BamSBAEMKER R=637%x10°m , AEFEZE r=122x10°m , HIEk
RE M=597%x10%*kg , ##1REEF I/MR* =033 . RHESHEAAEEE p,
SEHE pm oo

BRI E IR B W R ALK

4 4 4 4
M = p, -gnr3 + P (—nR3 — —nr3) ==m[p.r® + ppm(R3 —13)]

3 3
kR BN NZ S ENEG T EZ A
2 4 2 4 2 4 3
1=§-pc-§m’3-r2+[g-pm-gnR3-R2—§-pm-§n(§) -rz]

8
= 15 7tper® + pm(R® = 72)]
4 4 4 r\3
( I=Ao-pc-§nr3-r2+[Ao-pm-gnﬁ-Rz—lo-pm-gn(—) -rz]

_ 1 .gn[pcrs + pm(RS = 79)] )
IR EET A

I 2 pr’+pn(R°—1°) 1 033
MR2 5 pr3+p,(R3—13) R2
I rs+ RS — 715
(g0 P )__:0_33)
MR? pcrd + pm(R3 —13) R?

pe _ 0.4(R5 —15) — 0.33R*(R® — 13)

= = 32.60
DPm 0.33R2r3 — 0.4r°
(Lo Ao(R® — %) —0.33R*(R* —1%) _ 3879.6, — 12716
Pm 0.33R2r3 — 215 8.9965 — A,
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Wi5. —AMERE. SAEARKITE, ABEENIEEERN 24, YAES ANEK
ﬁiﬁﬁ%ﬁ]‘lﬁiﬁ%ﬁd\" FREEHWEHTEET. (64

A REANERFEAR, ABFEESENERLERN ac(01), SFEFEA p
MAZEEHN 2p o

SV
M= gn(afR)3 - 2p +§TL‘R3(1 —a®)-p= gnR3p(a3 +1)
BIRE
I = z. i7T(aR)3 2p - (aR)Z—I—E i7IR3(1—a3) p- R2=ET[R5 p(a®+1)
5 3 53 15

( 1=/10'f7'[(0lR)3'2p'((ZR)2+AO'§7TR3(1—(Z3)'p'R2=/10'§TL'R5p((X5+1) )
BoREHT

I 2 a’+1
MRZ 5 a®+1

I a’®+1

C MRz =% 511

"ERA fla) , HERKFTHF
2 a*(2a® + 5a% —-3)

fr@= 5 (a®+1)2
, B a?Q2a® + 5a? - 3)
(f ((Z)—Ao' (0.’3+1)2 )

a€(01) B, f (»0)<0 . f (>1)>0, % f(a) £ (0,1) LHEHNE, Mot

a HR 205+5a2—-3=0 ., #H a=0.7221 . RATERNEHEEETFH 03476
(0.86914,).
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W16-W23 ¥ F A4}

i £ 0% (Rare Earth Elements, {5 #% REEs) Z4§ L& E# &K+ —4H 17 ¥
x, BF IS HEATEURLS (So) ML (V). REWH AL, ELFExETE
EHEFHFEHFAME, RRECNEEURKENLAFE (—AMFISNEEF RS R 61
STE Pm, RALFAHFERE). T EFAARSGHE~ LT EFEEEM, kN “T
WHEERT, EHHEMFT, 2XE. AMEFTHHLTECRETERIEM. HEIZHU
REHFEMFERN B TA,

Wi6. EHR L TEETE AR FHAEE (RRANK-AH, FlmENIA-D G4

g TA 0

1A MA|[IVA| VA | VIA|VIB

B | I¥B| VB |VIB|VIB VIl IB | UB

fEA: g1 (Sc): IlIB-4; %, (Y): IIB-5; 48 %: IIIB-6

AREXFHFLETEFTERBETARBMAN. BTHEEFEMMEMN, FLTELHM
MEMFER, EFEFCNNETFRFUSBNAFEFSHRBAE T4 4. EHEF 585
TEMCEA ML FER. ELAEmMNEKT, =M Ce tbs¥ ANy M, WM
Hr Ce A% 5 AAR R CeOr FH IR T3k o CeOs BEW A 4 E A AW T H I IE 238 K

W17. Bk R BEBKEGRARATHRAFPE, HEARREEKFRETHEMRS D Ce
(REREEKED 104

[ 5% %4 (25°C, pH=8.1, F# %% H1% mol - L™t i+5):

1 3
Ce3* +Zoz<aq> +30H™ - Ce0, +EH20 K, = 103%*

Ce** +2H,0 — CeO, +4H' K, =108
Ce3* +C0Z > CeCOF Ky =107
Ce3* +2C02 > Ce(C03); K, = 101753
ZEMBRE BT A E Y 0.033mol- L -atm™! , BRERHVEE EH N Ky = 107635
M Kgp =1071033 (BRIREMR MR T2 M BRR). A NBERTEEHA
0.00125mol - L™t -atm™! ]
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M ERITHKEBENBBREKRE [02(aq)] « ARAREASLE po, =021atm ,
[0;(aq)] = ko, - Po, = 2.625 x 10~* mol - L™*
B EBRBRIKE [HCO3] « ARAKAZANKSE peo, =42%107*atm
[H,C03] = [CO,(aq)] = kco, - Pco, = 1.386 X 107> mol - L™*

ARBImARAE [CO5T) . pH =81 K,

Kq1Ko2[H2C05]

[H*]?

A+ 5E Ce EBMUAMKRE . [Ce3t] TEA K, iTH

[C0%27] = = 4.5895 X 106 mol - L1

1 1
K, = , [Ce3t] = = 1.5675 % 10721 mol - !

[Ce3*][0z(aq)]4[OH™]3 [OZ(aq)]%[ H™]?
AN ATHEY Ko Ky TH
[CeCOF] = K5[Ce3*][C0%7] = 2.9308 x 10~ mol - L!
[Ce(CO3);] = K4[Ce3][CO%7]1? = 1.1188 X 107 * mol - L1
[Ce**] T#IT K, 1H5H, HKEN LYRIK, LA
, = [[CHel] , [Ce**] = % = 2.8840 x 10™*! mol - L1
FE I, CeWEMEREASH [Ce(COy);] BE, KERHK 1071,

N

Wi8. WEIAREEEA CPEHE) FEMME Ce WIKEN 8.1 pmol/L (1 pmol =
102 moD), ¥EXE LBENHLERZFETRREER ( ADF ) (FRF&EHE, 54
A. WK B BR AR 1L 4 A
B. &K BRERAR T e fu
C. K TR EA LA
D. 7BA B AR EA 18 A
E. # £ mRu D
F Lt TH&BRTITUSHRBRRE TE 64, BTUSHENRE S
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T RIG ERAATEHNERZR, AT EEY A4 F2¥Ce/Ce* kLR, ITH
77 A
Nd s

Ce/Ce* = Ceﬁ:/gﬁ)(ﬁ
FEW

REBM—HRA ppm (B 02— RESHO. kA0 AR LI EAE IR XA LA K
RUNHEANEE GRATERE). T — L/ L TR AT ERE 5 L NEHAE.

B e AR E HRBERLE INREHBEE
TE rREHAE

BRI A2 A3
La 30 2.436 0.375 3.117
58Ce 64 5.203 5.504 5.632
*Pr 7.1 0.5574 0.6901 0.6617
“Nd 26 2.389 2.675 2.756

iz R EHEXUR EENEKIE, BERA.
W19, YT EXRH L TRANEBHTRAEL? GO
M MELRABETULRI, ENMHLTEEERANFELTHE . AFEMT U
ERBELTEEANFEZR,
W20. FREFFHLTENER, BETEHREANERE (%) G4) B
A A AWFHTRAR (RET AFHERHATHE LD
B. AEHZEM A2 FHTEER (RET L)
C. R80T 7T & 4E R
D.MORB (K#HFHFHZXRE) W FHTEAR
W21. iR ¥HEXAMIINT PPr. ONd WA TE? HTARTIN La? (6 4)
R O PrAfuNd 5 Ce #H4F, 4R ® “Ce” MARHEMIT Ce AL METHY
Hinl, NTTEISEAENEEHT .
@ WUEHELI, La kARG FHEEITABEE, FEARATHEME.
w22, RESHFE, AARBRBEFAWABRRETREA 2272 04
M. HEHRE Ce/Ce™ : BEAR1 A 121, H#A2 K 0937, H#A3 K 1.07, HEK
2HABAEREM (RFK), BRI WARTERLE (HKFE), BRI EF,

LARAEBENMBUEFER, AASHRAREY, RANERSHN S5 21%,
THTAMARLMTE. ELARWARAEZHIANZHIRE IR 2 & oI THTREAH X5
TREF. THRAREAWEMTE, RERRE@ 5 EWEIRMURMI £ 7 EENE
A, RN REHT T £ AR ERRTRUET — M &
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TEESE T MU A ACBR B 38 BRI ST R BB . B TR R s ik
HAHALLZAETFANFREE. Ak, LRNFAEL LK, BXEA
Fi o

s EH, F
SHR A E

i
L] . -
i .
12 T :
1%
K § F] 8 ‘e i HN
1.t L% o o5 1
10 LAt 1 — - i
. copHer g ; h vt . I s i § .
: R ! . i S ke Il Ut
|3 : -!,.!;I5 5 !l'- . : H .= P 3
B A TH A IR SN | '
A Y 11 Y Y L .
Ce/Ce” o BTt ! .
. D LLE ‘
0.6 RETHE: !
AT t
T B
0.4 . i
i o
TS
0.2 1 e
’ 1 !-.
0.0
0 500 1000 1500 2000 2500 3000 3500

Y CA
Bix: OFHRERER2SERREL FPANENSET &, T2 K OFAF

Cc

Zf>@ﬂﬁ%ii%%ﬁﬁ%i:@@

Wik L TR EHANKREEHEENPBRALK (

AHEEMAS (o Pr. Nd. BBE. pH %) HHRF L FREMTEE; ORAER
42 BRI 5 A RA T A T

W23, BEABWHRERIE, £F WITHICe/Ce SARANENKEXR, 2R
WEHRE EASALENTA. B Dx#ARR, yHARCELHGRE, &
SR EMRA%PAL (UHASASESARASSEHT 2K, HIARA 100%PAL).
WEETEERYRA, TEAAKLRE, (154)

W BEED, TUANGRENREERET A EHALHERDHWEA, &
FRRACH %R WA 2 EARES R,

SrEoLe)
A

Ce/Ce” = [Ce] 4 4

B W17 it &

[Cely, = [Ce3*] + [CeCOF] + [Ce(CO3)5]

- ! (14 Ks[COZ] + Ka[COZT?)

- 1

K [ko2 : POZ]Z[OH_F

b RE p, AR, BABT LAKXTE
1
Ce/Ce* p024
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IR (x =0, PAL=100%) HiCe/Ce* 4 £ /fEME ([Ce/Ce]y ), M
[Ce/Ce*]ynLﬁ * [Ce/Ce*]})rM{
Po,(7s) = Po,(aik) [Ce/Ce] . ) — \[Ce/Ce*],

EReEMENTEAREERNTE, REFZELTHF

1LEH)1

4
> X 100% PAL

1LE+00

1.E-01

A
(3 100%PAL)

1.E-02
1.E-03

1.E-04
0 500 1000 1500 2000 2500 3000 3500
R CE I

X H 4 AR
160.00%
140.00%
120.00%
100.00%

KA

0
(PAL) 80.00%

60.00%
40.00%

20.00%

0.00% L
0 500 1000 1500 2000 2500 3000 3500

W CF D

KA LA
ERMBLFESE,
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W24-W31 & 244}

FFRBLERMNEF XA, BT EWENFUHERNFE, EEAWTTHIFL A
A, HAEMALTEE, ERTFEXE, EEEARANGR, ERAREHREER
7% (Sexual dimorphism), AT, ¥ FTHMEH W I TELRKNHMH NS, G TEALZHNLA
FRAARE R B E R R E R AR, MRERRA L E RS T & EWFZ SN
Frlt R BN AEZHRTF R

FEMNFREERAMEEA R RIS RELEGERENHARTNA
(Keichousaurus hui), [F ¥ IERAFA b & B3 FE A8 AT 0 £ T 1957 FER M A UER
HAREMEL, REET _ERARANFHBUEFT L AL ELERE TITFNRIEE K
BERTHY . HETANARAMNEZEMERARUXFERNEF THENTE, b4
EMFRRET AR T EEFRRITAUERFEAZNENN S BL AR FTE, EEDF
FEUHBE, ARFNENHEERHFRELSE, RARANELZEZR,

NEXRRZBHIENH ) HARTMNERERREAERA S, TULANA AR MK KL
ERTFREMG, BT DL E B 2 A AR AR MR R Dy M, A BRI EFHKEE
G ¥ LAWK N RB BN RER AR, ENFRN LR BARIF LN, FRETR
THRFMNEWAERAIERTREA A, ERIAERT HARFMN AR T FEH DA
%, £TLRE®, EAEMFRRET F LRt 7%, AR FRNEFRE, EEEY
WRFMNAEMARARER, AT ZEAEEREKR, UXHE—FEERAR, RRITFEK
R RN EAEK LT,

B RSN A B AT T R R R R — BRI R A % 7 &, AT A B R
E¥SHHATEELRE, RETHY T AN — B E#E, EHE FHERE T ERF A
KRR Z R ERHEENE, &EDFR Y ZRE — R I ER AR H A A AR
EHNEBETEERNERNEFL S RN, 352 50t 77 % B o 2 19 ] 7) BE 24Tt AR
WEFTEEEGREN, REAM ZATHRSEMN BRI B F AR, T2, HEs
AR T EART BRNEFSHENELRR, EF T B M FER T RIR, EXTFEL
BARATARHATHA AR, TR ERFEESHIAHA TN,

AR M B R B AT S R HI R, AR SR ERT R E A - A
& % A 13 % £ (maximum distal width of humerus, dh)5 it & F &/ % Z (minimum width of
humeral shaft, hs)Z tt(dh/hs), — B ULLB1E N B E; 7 — N 4 fk & K & (humerus length, im)5
B B K & (femur length, fin) 2t (hm/fin), — f DA1.1ME 9 B (8 o

TRFIE T 16t KR FMNEMATARGI L) FREIUEFHE (B mm), FFEESE S
THRF RBREEEWAT N ER . M 14, F M, rd 128 K Z length of radius, ul R &K
JZ length of ulna.
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WA S T hm fm rd ul dh hs
HO1 M 26.0 22.0 14.0 13.0 7.8 4.0
H02 M 23.0 20.0 12.0 12.0 6.0 25
HO03 F 195 17.0 10.0 10.0 4.0 3.0
HO04 M 27.0 22.0 135 13.0 7.0 3.2
HO05 F 18.5 15.0 8.0 8.0 4.0 3.0
HO06 M 21.5 18.0 10.5 10.0 6.5 4.0
HO7 F 125 125 6.5 6.0 3.0 2.2
HO08 F 19.0 175 9.0 8.5 3.0 35
H09 F 13.0 14.5 7.0 6.0 3.6 2.1
H10 F 11.0 11.2 5.0 5.0 2.4 2.0
H1l M 15.0 13.0 7.0 7.0 3.8 2.0
H12 F 16.8 16.0 8.0 7.5 3.2 3.0
H13 F 12.0 12.0 55 55 2.9 2.0
H14 F 11.0 12.0 6.0 6.0 2.0 2.3
H15 M 22.0 19.0 11.5 10.5 7.0 35
H16 M 16.0 14.0 8.0 8.0 5.0 25

W24, HE e HEMARARN hmjfm Fo dh/hs CEIEAT, IR R B4 B B2 B2 B 4
RBATHAAR, KNTER TR (REFLINKD. FPELEEL L. 42

f A

o

bEAgns  hmiAm ot hm/fm BBERIPES] dhvhs H dih/hs SR 1R
HO1 1.18 M 1.95 M
HO2 1.15 M 2.40 M
HO3 1.15 M 1.33 F
HO4 1.23 M 2.19 M
HO5 1.23 M 1.33 F
HO6 1.19 M 1.63 F
HO7 1.00 F 1.36 F
HO8 1.09 F 0.86 F
HO9 0.90 F 171 F
H10 0.98 F 1.20 F
H11 1.15 M 1.90 M
H12 1.05 F 1.07 F
H13 1.00 F 1.45 F
H14 0.92 F 0.87 F
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ARG S hm/m H hm/m HBERIPET] dhvhs Hi dhvhs RE RS
H15 1.16 M 2.00 M
H16 1.14 M 2.00 M

Pearson y? ik 37 M A %o #] DUA T # B > 4 K & (categorical variable) Z |8 & & 77 /£
KA. HRALE BXAY 5 B A rivche 7 a6 o9 BUE, U PTG B ARl A rATc BB R Ag, M h
r X c%|% % (contingency table). & % i1T % j 7| o8 A A A FXE X, MY ERY, 894, iC
HO0qj, EHMENCAHE;, NA

2n=10m,j) Xm=10am) Z z (0(1 »—Eq, J))

Eoin = ,
@ Z=1 Zrcn=1 O(n,m) E(L )

i=1 j=
REEHEVv=(-D(-DTUHTEFESLELEFEAFA —p) EHRNEEXZWV).

Ex2>pw), WHAEL EREUATA-p) LA AR EMAI. TRERT E 80%,

90%, 95%, 99%, 99.9% LA T FMAF £, FovEE S A X 505 F A 2,, xE,,

2 2 2
X0.05> X0.01> X0.001°

v 1 2 3 4 5 6 7 8 9
xX&, 1642 3219 4642 5989 7.289 8558 9.803 11.030 12.242
X, 2706 4605 6.251 7.779 9.236 10.645 12.017 13.362 14.684
X305 3841 5991 7.815 9488 11.070 12.592 14.067 15.507 16.919
X5, 6.635 9210 11.345 13.277 15.086 16.812 18.475 20.090 21.666
X500 10.828 13.816 16.266 18.467 20.515 22.458 24.322 26.124 27.877

W25, LA H P, RIE divhs B hm/fin TR LB R BINMER SR, EREEL
BRIy BE WA F AR EAXER? (42
(R ¥TARGEL A
PEH  dh/hsM  dh/hs F
hm/imM  O@,p O1,2)

hm/fm F 0(2_1) 0(2‘2)

2 _ (06 + 002 + 061 + 062) (0602 — Ouz Oen)’
(0an *+06,2)(0e +0@2)(0ay + 0e1)(0a2 + 0e2)

X

=
e
s

P53 dh/hs M dh/hs F dh/hs Total

hm/fm M 6 3 9
hm/fm F 0 7 7
hm/fm Total 6 10 16
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ooy <X =TAG6T < x2, 0, FIFEIEATEYEI R 4 B 7 99%H B3 1A T A8 5.

BB AR (Scale invariance) £ & % b B —Fb 1R, BAE (Power law) T2 5 %
BARE TR MR, HEEE y WHEE x BEAF y=k x%, Kba+0FHE

%%#,ﬁk¢0%ﬁﬁ%ﬁo%ﬁﬂ%W%,Wﬂﬁ%ﬂ5¥%%%%V=§m3@%E

%ﬁ,ﬁ¢%ﬂwﬁ%§%ﬁﬁ%%#ﬁiﬁﬁ%ﬂ##%ﬁﬁsﬁ%%é%ﬁﬁ¢,%

BEH ZFE. FEARSENLVAN, HRKEERKZFAREE™HBHELAXR, T
BUE R K AT R KT BRI AL e B R ALE S s iR 4T R, NUAZE LK

i%iﬁﬁﬁ&%,ﬁ%%%ﬁﬁﬁ@%ﬁﬁﬁ%i%ﬁ&%%ﬁ%—%

%ﬁﬁ%#%éﬁ#ﬁ%%ﬁ,ﬁ?%ﬁ%#%iﬁ%,ﬁ%%ﬁﬁﬁﬁ¥5%§%%

RERBIE, W& LR EEMERE (Kleiber’slaw). AT EMEWAEEEREEH
KREREW, WRAZHBREN FROEMREETER, BLAEMRBEATSHhER
MAKE. WELTFEXRNTERERRENZTHAGEY, EXAWEKLFAE
TR R EA, BN REAEK (Allometry), AR HL, 4R BEE* R A ERIERE S
ANETH, M EEEK, IRFEERSELATHANNBRKERKXR, tEFHEAE
Ky s A ] T,

ERIEEFAMANEFSH L2 AEAERENER S, —HFNAKLA TN REFRN S
BAUFAEUEERHTEIT. STEEN n AR, HEXE y XEXE x WEKEENA
R Y=PBo+Pix A

Sex = i(xi —9?, Sy = i(yi — 9P, Sy = i(xi - D0 -7)

n n
SSR=) (9=, SSE= ) (=9’
i=1 i=1

H o SSR Fu SSE 4 Al AR A EAF F A GREF T, EHJEFFFfGRETF T
BN B, RERE RPEVFNMEAMEATENUGRENRE LT &, MEH*—FF
REME AT RERGTERNFEER F £%, —## &L SSR 1 SSE 1+H
_ SSR Sy° SSR

SSE+SSR ~ S,,S,,’ SSE

REEHE v=n—-2 TUHEELZEZFEATA —p) LHRNEEFRV). HF >
B, MtHAEL E RERAFA-—p) LA R EAUMETFETE, TREXT £ 80%,
90%, 95%, 99%, 99.9% I AT EM AT L, HovEE S A AR FEF,, Foi,

2
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FO.OS, FO.Ol: F0.001°

% 8 9 10 11 12 13 14 15 16
Fo, 1951 1913 1883 1859 1.839 1.823 1809 1797 1.787
Fo1 3.458 3360 3.285 3225 3177 3136 3.102 3.073 3.048
Foos 5318 5117 4965 4.844 4747 4667 4.600 4543 4.494
Foo1 11.259 10561 10.044 9.646 9.330 9.074 8.862 8.683 8.531

Fooor 25415 22857 21.040 19.687 18.643 17.815 17.143 16.587 16.120

CASIO ClassWiz fx-991CNCW ## T S 2 Gmitshee, #% [T RE] 44 E+ (&
] B TOK] B USN NG R AEF. RN ARFRET EXEH TR E E451t
FMER, AP EEXEE [OK] BT HNGIHREE, EATREETATETE
T, MR G [EXE] BT ZNRBH AT LEE., EXitRwE S % [OK] 4
(R BEEFHUTERRIT AT UE, S TREEHR IR, L7 DURIE Frik B )7 K B 3

EEHE, e [y=axtb] HE&MEE, &+ [HiHHE] #RX 5% [OK] #EIH# A%
W HRE, ARt HRE TR [RE ]| BT EA St RESE., ERTHTEREY, &
[BE ] st [Fit] Bk [OK] #, WI®EFRFHRITE, o (K] #8F
Fyy?s [T FHEXREr, FRBEANTERAR P A ENTE.

CASIO ClassWiz fx-991 CNCW # y =ax+b &M EETEF+,

mEw- Yy o Sy-ayx
B

_ n-yxy —yx- Yy
Vo -3x2 = (E0) (- Xy? — ()2
77 4h, CASIO ClassWiz fx-991 CN CW FFETH REFRET BANF @I, &
[SHIFT| 4 /5 F#% [#H X ] #TUEN [Ans] B AN RARWE, % [BX] FEF [ £
B 13 OK 4, WL EH ) NRESERH, K EEFE T REAAKAMNE%EXE]
BUH, THEAMELAAWERHEI NN FEHRET. % [RE| HHATEE A FHE
W, SPATEMMEER [OK] 4, &4 [HA] 5% [OK] 4, I ¥EFENTELRE
AFATHAEHME, TAF [RiE] F#% [OK] BUTEHERETEERNKLRX,
FE DAL 45 B X R R
CASIO ClassWiz fx-991 CNCW Frat 2 Bt it it & R B A R, (H 38 313 K42 ey
GATEHATE LR, W LURAIF BT 0 St 25 2 Frok Rk X, M8 %8 I 41t
TRk, FEE, 3 W26-W27 #F T EN R LR BTELYNEE, ERLTU
% Al CASIO ClassWiz fx-991 CNCW [ E 3] # iR it 8 E s ss. F4b, & 41
il CASIO ClassWiz £x-991 CN CW Frig 7 ik 16k, FAEMR T HEESF UNBLERFAN
¥, TUH—FHERITALE.
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ERRAEARR TR St it B e A AL EE, 35 BA| R CASIO ClassWiz £x-991 CN CW 47 2| iy
GitE, RRIVEHEARREHUHHEYR, REFLLARARTENE, 2EHA:
GUHME A - HUHE X

ZitE 1

ZitE n

HREW a - HEEE x

W26, Bt EH AL HWKE S, £ 99.9% WEFEREATL, fin 3 hm,hs 3t
dhyul X rd %8 RTERRESTR. (64

MR T RMEET 7k R T REFE, RAR RSN E TR 524 518 2048 B
H# (g B In #¥, KELEFA InD,

WEEERR W T AR, TURBRRITEELE

i=1 i=1 i=1 i=1 i=1
n n 1 n n
:Z Xi _x)(yl }’) XiYi — ; le Zyl
i=1 i=1 i=1
2 2
R2=( Sxy ) _ 2 proq_ 1 SSR= R
SxS ’ SSR’ SSE  1-—R?
xx2yy 1+ ¢ SSE
R? 14
F = —2) = 2
T TAE Ay
fm (hm) hs (dh) ul (rd)
r 0.9679 0.6529 0.9893
F 207.4879 10.4019 641.1659
p = 0.001 ° -

[o] R&EEE, [-] RETEHF, TH
(F—BEE Spys Syy. Sy AABEFIR, EHXEHATER, HEHKIE.)

Elﬂuﬂ%é%&a#’%%@%?ﬁ HIR KR AT B R AR B R TR,
Bl 4w R A e it % , AEEVIRRNTERERLZRE T ERE, MR AATLER
REK, RZMAAFREK. BA, HTERNEFESEIANAATE, KESKE
ZEFEREHAZTHEL AL, HERNEFSEANFRERKKARREELEKAT
AP F LG FIBT B TR B R BB T BB, ¥ LA Student ¢ £ %
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B1— B
SSE
Sxx(n_z)
BEHEE ven—2 TUHEELEDLEEATA—p) LWRNEE,W). £t >
t,(v), NHAEL EBEMAFA—p) LAREETRBNG RE T TBEP.. TRAEXT
# 80%, 90%, 95%, 9%, 99.9% T ¥ BA B A b, HArvEUEA AN A #Y % ity o,

t =

to.1> to.os> to.01> fo.001e

% 8 9 10 11 12 13 14 15 16
toz 1397 1383 1372 1363 135 1350 1345 1.341 1.337
to1 1860 1.833 1812 1796 1.782 1.771 1761 1753 1.746
toos 2306 2262 2228 2201 2179 2160 2145 2131 2.120
toor 3.355 3250 3169 3106 3.055 3.012 2977 2947 2921
tooor ©.041 4781 4587 4437 4318 4221 4140 4.073 4.015

W27, BRI HAEEFEHERES, £ 80% WEFMATE, fin X hm, hs X
dh % AR EREFEEKKR. (64

[#&7: i R? WM AEREX, UFHSSEWHEHZ.]

MR WREERE W TE R, TUABRKITEZLE

n n n
SSE+SSR =Y (=907 + ) Gi= 77 = ) i =77 =Sy,
i=1 i=1 i=1

2 _ Say” _ . _SSE_SSR SSR_ Sey” _ 5
SxxSyy Syy  Syy| Sax S’
SSE_SSESSR_l—RZAz_(l 1>A2
Sex SSRS,, Rz "' T \R2 A

= BI - B _ a—-1
_2 a2 1
B (1 _ \/ 3Gz 1)
\]n -2 (R2 1) ’

fm (hm) hs (dh) ul (rd)
B; 0.7150 0.3890 0.9703
t -5.7410 -5.0653 -0.7753

p=202 - — °

ul (rd) % R W31 5%

Welch ¢ A3 o] DUA THM R AFAZ BERRWERZE A G HRANHE. & HAHK
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BEEHNBENANA ne B ony,, XREHELANA X A0y, FUKTEZESANA s W sy,

kG

2

2.5

xX—y Ny Ny

t = —— vy ———

2\2 sz

s2 s2 Sx y
2x 4 7Y P o

Ny N, M) 4 Ny

n,—1"n,—-1

(T AR A, B, EHEAW, NAEE sW=J LS (w, — )2, FREZEF

ny—1
BEF] LA 3T CASIO ClassWiz fx-991 CN CW ¥ 4t itit & s g #4711 4D

Welch ¢ # % 5 Student ¢ 30 [F 4 ¢ £k, EAMAEGEERK,,WHEE. £4 <D
EFHAFA-p) LW REE t,(0v) REHE v WEERRH. & |t| > t,(v), WA
BAFHARAEEREXWEERELZEMAT 1-p) LEAHTRBHME.

W28, BRI HARENEHWEKEF, £ 99% WEEFEATFLE, FRNEFSHK
dh, hs, hm, fs & B R EHERXBAEK. (44

R 2
hm fm dh hs rd ul
|t] 3.1837 2.6129 5.3977 1.5189 3.2513 3.3911
v 11.1829 9.8480 8.2735 10.4248 9.5878 10.2929
(vD 11 9 8 10 9 10
p=001 o - o — o o

ul 5 rd 4 4t W31 5%
(KB F R F R, % [dh, hs, hm, fin |, (BT ZHHEHL)

AR A3 (Chow test) ¥ LAAe I 7 4H A T BB &R e B T 77 B S 402 AR, 14K
BEEEBNEARARESF N ng A ny, A E B S #ATE M ETHNERZF 7 F 0744
SSE, #1 SSE,, M AALIEHL S GHEHATEEETHERZTF MY SSE,, NH
SSE, — (SSE; + SSE,)

2

¢= SSE, + SSE,

(ny+ny) —4
RIFEEHE v=(n —2)+(n, —2) JUHHEELELFUATA —p) LEHNEE
Cy(V)o EC > Cp(v), NUFHEAA L R B2 M AKF (1 — p) b 7 4 4 S 048 %8 B b 2 M BT VA 77 A2
SHAE., THRHEFTE 80%, 90%, 95%, 99%, 99.9% H A T EM AT L, HovEIE

o7 % BLE A 3 B 1B Co 2, Co1s Cooss Coo1s Cooo1o

% 8 9 10 11 12 13 14 15 16
Co2 1981 1935 1899 1870 1846 1826 1809 1795 1.783
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v 8 9 10 11 12 13 14 15 16
Con 3.113 3.006 2924 2860 2807 2763 2726 2.695 2.668
Coos 4459 4256 4103 3982 3.885 3.806 3.739 3.682 3.634
Coo1 8649 8022 7559 7206 6.927 6.701 6.515 6.359 6.226
Cooor 18494 16.387 14905 13.812 12974 12313 11.779 11.339 10.971

W29, BRI EHAREFLHOEKEE, £ 90% WEEMAFLE, fim Xt hm, hs Xt
dh REXRR, BHRBRIAUERFAL. (64
M, Rk BR W TSR, TUEYRRITEELE

1
SSE = (1= R))S,, = (1 =17 (0y? - =+ (59)?)

C:(n1+n2)—4( SSE, B >
2 SSE, + SSE,
fm (hm) hs (dh) ul (rd)
SSE;, 0.4596 0.5265 0.03079
SSEy, 0.002118 0.08710 0.005365
SSEg 0.02656 0.2921 0.02304
SSE,4 0.008668 0.09931 0.005807
SSEy, 0.0003996 0.01643 0.001012
SSER 0.005010 0.05509 0.004347
c 3.613 2.332 0.5013
p=0.1 ° — —

ul (rd) % R W31 5%

(F— ML SSE LNA#-ZF IR, FHIAHXGE 1M EFHELRETR, URW3I
LT ELE R AFETFELBFURS T RO IFHIN, ZEFKERLLTLE, #HU
WX RABRERLERTHE, TELREHEIN. FHEER LR M09 TR FE#H
B, HHA— S WECGERE, £ERHGTFRYE, HBEUTTELLE. BH ) AN
HWBESR K. THE—KEREE)

[ R4 e BB W T4, TUELSHRKTELELE
SSE = (1= R?)S,, = (1 =r*)(n- Xy* — (Ty)*)

C _ (n1 + nz) - 4‘( SSEO >
a 2 SSE; + SSE,
fm (hm) hs (dh) ul (rd)
SSE;,, 0.7353 8.4247 0.4926
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fm (hm) hs (dh) ul (rd)

SSEy 0.01483 0.6097 0.03756
SSE 0.2391 2.6288 0.2074
SSEy, 0.1387 1.5890 0.09291
SSEy 0.002797 0.1150 0.007083
SSEj 0.04509 0.4958 0.03912
c 11.3754 9.6084 6.0641
p=01 o o o

ul (rd) % R W31 4% |

W30. RIEHTERE W BRBWARER, 2R G EMRE di/hs T2 him/fin 1 L E R
BN ¥ DR R A = KM AR R AT S K. (240

M BRNEFSH fm 5§ hs EABB[WER ., T hm 5 dh B8 BENERT
W, BERW LK EH/ERY S KENL, UFERY SR EMRERT S48, A HRA
KRB ZR, NTRRT BERYSK BRI RAE.

B, fin BV AR X B3R, (B hm (fin) BB, T ¥ 1R A X A2 B K, 8K fin/hm 7]
DUR T 1 Bo B9, T hm (fin) B0 %X R AR & BA BB R Y, ST BES divhs 1
LR

(F— R T W29 5731 B R AR KA1 E )

W31 RN BT rdul RERARARTHRIN BN OIS AR wA A LR
ZUHRBER, FAMEXITHER, MERARES. G4

MR THEA . rd Ful HEERBENET A (AT rdul By Welch t BB % R), &
FEHAEFLRBERE, HEBNEFSEELITEN rdul READENEIRE; BLK
ul (d) 2% H KA R (BT ul ()d)H Student t BI04 8D, Z 2 2 W rd/ul 7 UAE A Byt B
W, Eul (W FREXRTEEADHEREY (ET ul (WA RERER),

(F— AL W29 By it RN T AT R, T E— K REE)

[ 2O LB A rd Fooul HEAF BBV ME (ET rd/ul ¥ Welch t 4 R,
BEHAEFLHALRE, AERNEFSEELNBN rdul KEILEZFWHERTHK;

@ BB ulpd)FEREK KR (ET ul (rd)#h Student t W4 F), —F 2 rd/ul
T LE A BB BT AT, T ul ()R EX R ARG B — ERENERIME (ET ul (d)8y
HERARER), AR R E—H, B rdul F 7 A1E R B H EETF. ]
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