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0.2866 nm ThH D, ZOLETTOEREE Fe) OFEZRD L, FHEOBBRLTRTI &,
7272 L, Fe DEFEIX55.85, 7ARN FuE#id6.022X10% mol™ L9°2,

BRER (&R Ag) & B (&R Cu) ITEBEET TR UE/OIMF (cep) #TFHEETH D,
LA LZEST T, B (Az0) 1INET 2 L &RIR (Ag) KBTS DD, €BH (Cuw) 13
B4 B LREAFE (Cu0), HERFE (Cu0) & ER{bASHETe,

Z DOBAZEENN R S BB EFHAY X,

BALSSEH D D b, FRBEET CRESE (~v A b, a-Fels) [FIRMBMETH DD, BRERIL
(w7 REZA T, Fels) 137 = VIEMHETH D,

b 2 FEOBLSGEM OBEMEDE %, FEREE> DHRAT L, RERANTH LW,

BWEkGE (Ve b) 2T D LR 25,

R (R1R) OBREGRER2THILEMOIM OPIZ R,
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Please answer in English.

1. There are two main surfaces that can be seen on the Moon: relatively bright highlands and

dark maria (also called mare regions). What rock type is characteristic of the highlands?
What rock type is characteristic of the maria? Many rock samples from the Moon (from
Apollo, Luna, Chang’ e 5 missions and lunar meteorites) are breccias consisting of clasts
from the maria and from the highlands. What is the main process that results in the
formation of breccias on the Moon? Give some description of how this process works.

2. Three isotopes of oxygen are common on the Earth and in extraterrestrial materials: '°0,

(D

2)
(3)

(4)

%0, '80. Oxygen isotopic compositions of rocks, liquids and gases are often expressed as
ratios of 0/ 0 and '®0/'0 and normalized to standard mean ocean water (SMOW) so that &0
represents 70/'%0 and 80 represents *0/'°0. A rock with composition 80 = 0%. and 80 =
0%o has the same O isotopic composition as standard mean ocean water (the “%0” symbol
indicates parts per thousand; i.e., 10%o = 1%).

On the Farth, the 0 isotopic compositions of typical rocks and waters (e.g., ocean
water and water vapor) vary in a systematic way due to mass dependent fractionation.
Draw a graph of 870 vs. 8% with the terrestrial fractionation line (TF), which shows
typical variations in O isotopic compositions of terrestrial rocks and waters. Draw the
axes from +20%o to —60%o for both §'70 and §'®0. Make sure to label the axes.

On your graph show the approximate compositions of enstatite chondrites (ECs) and of
ordinary chondrites (0Cs).

Carbonaceous chondrites have a wide range of O isotopic compositions; however, most Ca-
Al-rich inclusions (CAIs) have similar O isotopic compositions. On your graph, show the
approximate O isotopic compositions associated with typical CAls.

As mentioned above, the O isotopic variations of terrestrial rocks and waters are caused
by mass dependent fractionations. Is the 0 isotopic difference between CAIs and other
chondrite components (e.g., chondrules and matrix) caused by mass dependent fractionation?
Explain your answer.
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(2) HER OPIERIZES KA OHER (ZAKR) ZH#1F, TERIZIE Tblockl lapilli) lash) 28
FETHIETTH B, ZAROKRERICA D KBEEDOLFS, BAETEYR,

() @Q)D=AMD Tblock] DEAITITALEBL AN Z EBNHD, LML llapilli] X Tash) DIE
RACKIBER A D Z g, KIUEBOEESCERERZSE LT, TOHEBEHAT L,

(4) (2) LR, KEEEESEOAON L OEBRFERICEB LT, KE20ETIBE8H5, R
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(1) K-Ar ¥&IZDWT,
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@ ELLFERPREDLDOEMEL, BHSHIRBHT OV THRICE~ X,

@ K-Ar {5 TR L 725 KR Ar 720772 < Ca i b I T 573, K-Ca DERITERAEITIHE
DRWLNRY, FOEBREIRNL,

(2) Rb-Sr #EIZDWT,

T DB OYEENT 4. 88 X 10 ETH 5, HIE L=k ILHED ¥Rb/*Sr 23 10. 0, ¥Sr/*Sr DEH 0. 726 T
3o 7. FST/%ST WAL 0.706 2§55 & &, ZOEFAN~ I bERL L TERB LEREFEL,
axX10° D (BREEIHT) TEZ L, NENHIUE, 1n2 = 0.693, ¥ = Ar+l (A1 & X)) DEH
KERANT I,
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3SFEDLE, T O ERICEME THRYTABONFZNFEIIOVWTIRAEL, 2B, R
EMEBREZITOBRICAVWIEGEFOE XX 30 m &7 5,

(2) MERCEOEERMSY Th BIERRIZX, TUyFITA N, VF=FA L, 7 IV EZA NV ERTH
DEMNTFEET D, b SEEOBMAESZHICOWVT, TNThOREBEDHEER X,

(3) BTRUEREIT TRAWONAMEREARE LTACF RN H S, ACFROFE & HEERA L,

(4) TREEOREZ BT S 7-0121%, Prograde metamorphism & Progressive metamorphism % X3l
TANENSH S, Prograde metamorphism & Progressive metamorphism 22T, BRFE 217D
ORE DFEOBENE IR L,

2. LTORREIZOWTHAT L, VEIZIELT, REAWTHRELTH XV,

(1) Contact aureole

(2) Paired metamorphic belts
(3) Blueschist facies
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Wb )R HAYL, HEZRAWTBHRY,
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1. o B EER RO PEERERE 2o T D, UTOMWNIZEX L.

(1) $EESmOBEEREEL LT, BA Ao g2 b o2 BT bR D, WE, KEEF T 1
A 4 ATCRRI STV A I OERE T, 2B 4L CHEDA T RIMEZZLD L, AV
BHMEISRIIL TO L 5 10EIT S, 7L, ZRUNDBA A i8N L 2 JET D,

2 Aclay + C?* = Coay + 2 A"

THARBEIZ BT, meB IR TO | DFHEENRE, Xiowy %A VWY A - TO i OFHGEN 57
LKL hHHoIE, TEERKciIEDEICEBERTIENTEDLDN, VE, Kic =1L me=1M, mas+
=IM &FTHE, X BEUXe REBLRKREVD, L, XatXe=1 &T5,

(2) (1) OFERIZESNT, Wolt AKBETICAZNIESERA AP TLES &, &
BOBESBHELEPEELCTEE LIZS W & 2T .

2. &RBACITHT B EHA AL DR & ZDOSHEICET DT ORMWICE R &
(1) BA A LA Fr OERBRILY~DOREZETO pH KFMEE EERICHR~ L,

(2) ~<&A MaFe:0)DF¥ 0B pHope lTB EZ 7.0 TH D, ~vF A MHRDFATZ KIS,
UTOWE ZFNENVEMZE L X, pHupcldE )b D M, ELWVWSDEETET &,

() NaF BB
(b) CHsCOOK B bR
(¢) CuClz NELRB
(d) NazCeO4 (=2 VEEF FY D L) RELS 2D
(e) Humic acid (7 I E&) B bRy

(3) #'9ABE—h —OERREICE Si-OH B%% < e, &FA A M) OFHEE ©H>T) 1%
BT AEBOFIHRFETE RV OILARED, 72721, Si0: D pHape iR L Z 2.0 TH 2,

(4) (3) OEHIF, &RA A OREEZFELST 7 A<RAATACP-AES) THIET D2 LIk
DHERTHZLNTES, ICP-AES 1Lk > THERTLELEETE ZHELZHAT L,
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. WES, IRy =a— NTVBEICE D BELRRPRAEND U F U LA A E

1
BB a2V THID & ZARIRRR XN,

ZxtL, £#0&

9. UTDOLDREAAE2ELHEEANRHL TS L X, POX5RNED D VXEIR T v —%21#
St BONEVD, FRERIR D EBRBILOEME, BERLRBOERAL I, 2L, HHUYUE
Kik, E& UTHEEA A (S04=96.06) DNIEFEL TWVDAZOICEHEETRLTNDIHDLET D,

EH pH Fe? Mn?* AT¥ In* cd* PbZ*
Fy&E - 55. 85 54. 94 26. 98 65. 39 112.4 207.2
PEKELYEME [mg/L] | 5.8-8.6 10 10 — 2 0.03 0.1
BB KB E [ng/L] 2.5 700 700 80 400 0.3 0.2
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1. ROBOEBRLIZET DHWICE X L
(1) SROBLORIERETE, 2B, BLHRIT A0 LT 5,
(2) LEOBILRISOVEER %, EEa LBENE peZAVTRDE,

(3) FIGOBEBR=FIAF—EACE, RISOEEHRTINAF—E A6, [EERR, HEAHRE 7
BLOEEHER L 2V TERY,

(4) BEWZBWT, MBZEOBASICBVTHEIEmRL Ly, @B\ TACIZED L S REZT
T, (1) OFGRICESEEX L,

(5) $REVEMLLIZSWIEEM L2 E4L, AgM ZTREEEZERM LT, Ag-M ZuRIEIX 11
T X9, BERESTEE LRVEMIERRERT, EERE XV IERWEEICBWT, Ag-M 5T
RA 4 L BRSO IR T IE, MR & B LERO FHIER S EIC AR TED X ) RfEZ R
T, B E L HIORRE, BB, BERITHRTH Y, aapo=1TH D,

Ag(s) + M(s)

A M
& ELSE, Xy

K1 Ag-M ZInRORERE
2. WOEEND 2 O@RL, HRICHAT L, DEPHNLTEZTE,

(a) bR

(b) /R—2 Rk
(c) TEEREK

(d) FEE

(e) NEMET /— R
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5)

B LM SN D EMEREREEREEMOEEFERIIA VT LTS, VWE, 1Y

TV UBEARD D —ERE E (kg/s) TREF~FEH I N2 &35 084 t=0 ICHHEB3EE D L L,
A VTV ORIIFSBEEIIRETA Y LV OEEE (BE) CHETA D ET 3, IF
DOEWIZE 2 L, 72751, Hf~DA VT Lo OBEB LU VY LB L ONEM LS
REETIHLOLT S,

AR EREE# LA RETET,

ATV r®D IPAC & IENL 2-AFN-1,3-T X Th b, EEREPTE,
KEFCOFREEELEE k(s ELT, REFA VTV UVOEE n() BT R AE LT L,
Fiz, EERBIZBITAREFA Y7V OEEn.% B & k THYE,

APV DOREFOEMI t=1/k TREND, n(1)/ notbZ KD L,

BHRERE LTSS, REFA VLU OEEnG) D ne>HE D 5%IZE TRAOTAIZIZER
< BUVOEFERDDD D,

2 =A27u8FT3RF IOV TUTORWNIEZ L, BB, A 707FAF v DEHBEDMR

Iy

2)

BT T OB LUEFE AV T LV,

A 7= VR, EXEAER

= - 100, 50, 25, 10, 5, 2.5, 1, 0.3

W~ A 773 2AF v OEEERFT L, BETREINTOAIREHRR)~—% 3D
2P, ENOOERAREREY L, &5, WBEABRICHT IHELHAEY L,
RKEFvA 70T TAF v/ OEBEBEHAT L, KETHREINTWARFHRRY ~—% 3
DE, ENOOERAREHRAT L, &5, KEF~A 7 07T 2AF v 7 OERER L UE
BU X EREAT L,

2 A7 aTTAFy I ERETHSWHEL 2 0%, ZHLENOF|ELBREHEE L,
AT TAFy JREADORGE LT, EDL S RERECHEMERI N TV AR
AL, TRONERIZHRS ETF27-003 0L ) REEREENRH U L
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. 7T A EH L ORI OV T 200 FLLAR TERAE &,

.i%ﬁ%%f%éﬁﬁ%guowf UToREZLTED THRAY L,
[t 2—3 2 - JERERR - 7 )ViRER]

CEBER6 e BE5 cm DABRBORRIIEDCLEZTOEEORETHD, TSIKEELXR 7L
7% 256 g Tholr, £z, TOWERTEELNMTI TTIRTOKGEEEIEILRICEEZH-TZL D
A 204 g b7 Tz, ATFTOMWIZEZ &L,

(1) WHEEPkD L, 2L, KOBEL 1 g/cm® & T 5,

(2) ZO+RFOEREFRELEZEDS 2.7 Lo T, KRofEMER I ORMBREERD &,
(3) FLMEZE (BMHEER) n BLOERE e & LIEEE, UTORDBEKY L2 & ZFERE &,

n=ce/ (l+e)

L SfEEE (Fe®) L& gk Fe®) NEETET AHTAK®D pe 28 3.4 Thoto, TOHTARFIZEITS Fe™
L Fe DB E LR ([Fe*]/[Fe®]) kD2 &\, 2L, UTFOBITKINZEIT 2T HEHIL
logK=3.53 THh 5,

Fe* + ¢ = Fe*
. B AHIRIT BT A —RBRET OEENEBE A UTORIIRT, UTOMWIER X,

F b HHIRICBIT D —RERE T O BREE
BREEIEIR K& =T HTF K
BE 20 ng/m® 120 mg/kg  0.15 g/n’

(1) FEROFEZ 50 kg, | AU OMRRES 15 n'/H, THEREZ 100 ng/H, HTKER
B% 2.0x107 n*/B & LEHE, REEISBEBIVORAIFICEEZELHT L,

(2) \HEHOEDIEBICE 2 EENHAERERE (PIVD 1225 [ne/keHE/BITHD,
DOHIRIZ IV 2 BRI K BIE< B Y X722V THR~ K,



No.| 18 | /| 18
2024%F98-2025%4 BASHKEE

FRAEETFMERMELHRERE MR - REERBTIZER
B 4 54 7% A 7 VERETHRE

%S| 18

E1R
UUTFTOERICEZIRE,
(1) LCA(SATHAINTEARA L W) BT 4 BEE2T_TET T, TRENDOERNEITOW
T L2 &V,
() DLFIZRTHEND 20 BAT, THERORARIZONWTHALR I,
- HhERIERR{LFEE (GWP)
c S AT A I NVEESHICRIT A NEERLIEEESR
- FEEG AR DAV ATE
- BERERAL L HHET o —

w2

BRI BIILEI—AR 7y NV MEoWT< Y v 7 REERWTEE L2V, ELTORME
((\—-%:7\_72 él/\

(D) PEMRSE, BEEDOARNT—F L LTHRL £25H, R3IZCOLHBHFHEMEZTT, ZhbD
FEE L ERAE S AV T BETR R S ke, BRI, 1ke OAFEICK T HEM, BIOHEEIZMHED CoHE
HB (d e, da) ZFNEFREELREIN, (R LEGEOATNCEDLDATIIBR LN L)

(2) FAPEVRSE LBRIHED 2 A TR ENS 2 1T 2 FIORABEATII W), VA F = 7HTH (L) &K
7RIV,
(@%ﬁ@&u@%@%Téifmcm#ﬁﬁéwm%ﬁﬁbﬁéwoé%m,%%%ﬁmﬁﬁwﬁﬁ,
BRTEYEOEEHEHE, BEEOREEHEOHERKIC OV TRLT, HHEESOREAR &2 R H%
G AT DOREIZ OV TR &V,

%1 ANEEEEOAH T —4

SR Bl BAL
7 B 1.0 kg

AST s B 0 L

ATT B e 0.2 L

AJJ: EH 0.4 L

%2 BIEEDAH T —X

RIEZE BfE AL
H7 0 B 1.0 kg

A7 B 1.5 kg

A7 o B e 0.2 kg

A1 ERH 0.2 kWh

AF1: Bl 0.1 L

#3 El, EH0 CoPEHEF AL

CO, B HH R BT HfE BAAL
i 3.0 kgCO0y/L

& 0.5 kgC0y/kih
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