SEI6 2= 7 Bl

ERER

BEW ™~

X

i=

fill

TS



FEBRAFHFARARET FRREXERALRERE

T o e JEoE A ARl T -
J Bl 4 K B e

rFEE FEHE

’Bf P
5 BB ABA

Y M W% Fa 3
- 1k

St




RBERE

240 23 7 R T A AR R R BT A R, AR T TR SRR AR AR R K LA
AR R EEAG XA, FRCEER BT KSR DURNTIE R A 2870 5 A 18 B 1 R A 4
B ER A E . BB RN . BRI A B AR LA SR ST K
TR . BEERERILE RGN AL NBEARNSE, FHLERFNBNRALRFREENA
Mg, UERELREME, XTEEEFRE0BEBRMAERS M, FRRIERERARE YRR T EE LW
Wik,

FHTEARERR R R TS EEREESE,

BHERSEE (CIP) #iE

980 EUT A AR 5 B Ol B E R . — bt
R AL, 2009. 10

ISBN 978 —7 116 —06333 —4

[. % I.%- 1 HFEEFE-KRAE V.P583.1

o [ AR A 43 4F CIP $iia iz 7 (2009) 5% 181591 &

QINGZANG GAOYUAN XINSHENGDAI PENGZHUANG-HOUPENGZHUANG HUOCHENGYAN

HiEmE: = H

RERN: f ®

HhRAT: B At

MUHRR: JLEUEIEX ¥ BTk 31 5, 100083

B 1% (010) 82324508 (FHRIAER); (010) 82324567 (Hi#E=)
iy jif; hitp://www. gph. com. cn

EBSHEFE: zbs@ gph. com. cn

f&  H: (010) 82310759

B0 Rl demsioREnT

F A&; 889 mmx1194 mm '/

=] o 26 FAR: 8 H

= . 780 TF

Ed . 1—800 #}

BR K. 2009 4 10 AILETEE 1 AT - 55 1 YRENR
T {N: 68.00 T

B = ISBN978-7-116-06333 -4

(IHABHRBEEL, SHREAL; WRFERRRE, AEHKTRR)



T

FRERAER LRGSR REREBNEE, CREWHRETE LT B EH
SR ERFELFAAARAEN, HERHAFRAAAER LFH RS )
FREVNERE, BN FEETRNARANI LR E T4, MAEHFRFHNU
HEIHRRERERRERAAGSHFHY, TRERNFRLHNT - UEFD
XX BERBEHENFEAFNE FHNXIXEGELRLRBFRRENH KRR
fE, HFEHFLWEARY., FHEKEDEHRFMNAULEE ZEGHLERNK
X LA,

EEFRRXLELTRFERB RN FFITF, FEHUNEARRABER LA
FHEFNFANBRI RN ARB L, 2L 26 FLREFEENERN, &
RENREZEZPUFARERGCNEERE, 2R ZREFTBETHNREEFLCHE
WY ERAMERT BRI N “HE” fn “Fo7; BHEGERREN S KM
BEHNIET, EFRBREWHFAET, WA ROBRFRAMEEECSH AT
E-RIEAMBERILNEEXALMEURSBEENN N SR ERFLR A P&
WA, FRXANTRNZEHER (F AR, ST EE/ HE/ MR, KR/ R
WBREA/HIN. THEGHEY AN RSE) W ERA GEHE) . o RAHLH,

(FRBEHRERAE-FHERRE) —F, REEXHNEZTHE LKW,
CEEEMNEFREGERERME-SFREXREAMTA RO ER; LFHETENE R
T, EXHETRBMPTZHAT R RFREE L, 2R - EHT
R R A, REAERE AR, KAFNEFNE - MK REFEE R
TR R MR RE, RN FREERFAEEYNT 8 CWHF TR,

FRERET FRBEAMFRE LBMARKNES, TEHART XKL, BE
HlS, —FEREAHGUBRFEENARENFHARR; 7 - FTHAERAES
MkSTRFERSERBHLEREE, $HHNEE, ZFRFTENTEFHELE
KW TR

R BB L ng.&‘iﬁ

2009. 10. Fdbx



Wi &

AHRBNARERLERXTHEREENARBEE-FHBXREARANLE,
EUHNERMNFAEGERELEMARLRAXNTE ., EXERBFXLE AT
BEE5ELRE., BLAFRREARAARAEENARRRNERET AN, £
Exfed, A TASRENMXERERALALARFERLERERAFRNA
EX#, BARAFRELRRARENRR, AFRZARI AT HoE L F MR
XERLFMABXNBXAE, AT ARSBIRBAE, BLAESFRRA,

ERERERAREREENFTLARKRESAR, AHRFBEE, FRAEEHFER
KERBRENE-ENAGAEREREE R BN ERN ARG L ZRET Z LW,
BAEAGHESEREAGERAB AN FEANFTERGE, RRAAFRGEASN
“BET M EHoT, B, KEUKRZEEAARRMEREXE, CHRTAE
FERARBX, AFFLEEMANER L, FHECH-—RTH. &F#F 11 E,
Y -REARTERERNARAEE-FRAERXKRFNHEPABRREREESE LA,
HEHGLERTRFARKREN AR, RE_FHENE, 2AMFRARLER
AWHERKREH#T TR AL F @AW RS, ENERNERF-QFEFLF EALEMS
RWHAFERLER, EREXEE, EABERANEFEFHAR-EHER KL E,
TREHELELEKE. FRBRLSEERNTTEHERRFARKLE, AR
“ZIT WEFARKRE. FEEEALAEERMEIHAERKLE, EAFAEN
AHAXMFAXRFRBREKXBREWEACEFERBEEH# TR T TFRGEL L, ERAN
BIAFREGRLEFRNANFTNRACEFREERELSNBEAR, F+ERE+ —
E, EIREFHNIRAH R IENES -, XFRETEEFEARUELH K,
FHE R A RO E RS 7 F RN HATT Wk

AABEIHRELIHOT: 5 EE¥, F—F Eg¥. KFk. BFEA,
¥$-_% FEHE. KE¥, $-% FEE. 5%, #0F RIH/ EE2¥, ¥
EE BEEA. KE¥, £5F Z4E, £LE wFEE XEZ¥, FN\E WF
B, B AR, §1%F RIZH/ K5¥, §+-F Kg¥ BEHA. 284
HE#58, BREA. MFEBHRE, KFR. BLASARE T EFAGEHF LR
KELHE, FREEY-FERBANESREELAEH, 25, HXY. 5,
T, X EFAFEB/ATTIRASEAGBLTHE, BRE. BREF S ME T HL
HAMENIHE, KXL, oF. HE, #HER, Txx. &%, 7H, ¢LTH, =
TR, AKX, 2B, BRBE. KTR. R KE. BKRE. Fk, £EH. £X
Z. HIREBKHEMAXARAEZR TH LRI E AR XHAR, FTEBRERD RERH

. 3.



ERKEE, AEAFHED T TH.

KEZFU G RRAEIR, AR TEFTEAR L RNB R oLFH, HIOEL
RHMERMFEFEAN, BREABEXLER S, BELREH. FEHRALER S
FAFRE,; ECRHERBAEARELIRBETSHAT A, FELAELEET
585 R, cHABEIRETERFT AR, BINEELRET ST A,
MBETREERELIRETEHRT R, #REAELRBETERAT F R, &
MTH AR BLTT AR, URERAFARNEOFARIELTHEK
M FAte T BORMEERELBRBNIRBER; ECABETRBERFHR
FATFRNZHBIRIFNEMAR L, 20 FR. AR, EOREBEETETFH
HHC, BAAFARGHFERELALRE., FERFAFHRALIE ST FHIEE
XEAEZRE, PERFHARSHRKWEARN., PERFEAERIBEF. 7 5%
BARF, £EHAHN A EE LA FHBRMNFE F 4 (Isotope Geochemical Center,
University of California, Berkeley) . 18 3% F|4 1t 2 # s (Berkeley Geochronology Center)
HAMMATEL TR, KE, ZEECRBTERLRAFHAIE ST
KFEERE AL ZE R RSN H MK,

(I
2009 #£ 8 A FdxE



L

L

A
_E ﬁﬁ%ﬁ%ﬁiﬁﬂﬁﬁ%ﬂ@ﬁ?ﬁﬁ% .................................................................. (1
B RS A IR B AP AR S e verreress it (1)
| R - B B R IR S5HE ererrrar e (1)
T B T R AT A et (5)
T - T R LI L TR TT PP PI PR POPPERPPIPETS (6)
PO . B B M T o d SE At e e err et s e e (7
F. TR R e B SR (9)
N I D s T L R TR T P RY P PR PP PP P PEPRPRPRPRY: (10)
. B M ISt (10)
A BT Al L R 2 A S v e een et e e et e et e (11)
Ty THZR I e~ S e roe ettt ettt e e (11)
o AR HIEE AR HE et s s (11)
%:ﬂ]‘j‘ %ﬁ%ﬁﬁi{ﬁk&%%ig%ﬁ%ﬂ ...................................................... (12)
B Y 2 ¥ A b= R L L LR TP T P P P T P PP PP PI R PP PTS PR PISTIPPIPEPP PP ERT (12)
= IR TR L AL ZETE orerecrr e e e (12)
= SRR R B R K LI R v e e e e e (13)
DU . SRk B B 3E +vvverne e reome et ettt et et e et e e b et e e (14)
T B R IR T R R R A2 v rrre et s (14)
5. BRI TS R R M AR e e eee e e (15)
TE N - E R MR R IR AL e (16)
B T AL B ZS[FAATESIE covereerrrrerrerees (16)
eI = o) 1= - 1) =3 = S PP (17)
oV HFRZH (E,d)  vreveeeerer et ene et e et e e st st (17)
TUBEJEZE (Eyn) cveertereeereteesonent et sttt s e (21)
T BHBRLL (Eyp)  cveetreesenesmennene sttt e e sttt (22)
PO . 7 b B A0 R A HR s J B LA v v v e v verammeensasnnnnen it ettt ae e (24)
’%E“‘-ﬁj %%%km%g%ﬁﬁ ........................................................................... (27)
R L =~ TR T T RLITCPETRT (27)
= <7 - b= v = =1 ST R T P T T T PP P PP ERT (28)
R -0 AR T R T T T T RTET e (30)
IR R g T 1 .= < PR (34)
B L o3 11D ¥y CLE R R T T T LTy P PP PR TR Rey (34)
T TR AR AU REAEAE v v e v r ettt s s st st e (37)
R Y Y 7 T ¢ R T D P R TRTRTES (38)



%ﬁ*—ﬁ‘ j(m%ﬁﬂ}j{ﬂsﬁﬁﬂi .............................................................................. (40)

e B TC R HIIRL SR +vvvreererr v e s n e e s (40)
T R AR TT R ERAE ~ov v vreer et e (44)
o IR HB IR AL AR E - v vvveenr s n e e e ettt e e (46)
BASH FRPEZ AL EAE RS ooreres e (49)
R M%%ﬂm%ﬁﬁﬁ.ﬁﬁiﬁﬁiﬁﬁ)‘( ......................................................... (49)
%EE R KRR EEE#I%%ER*E ......................................................... (52)
W RURHT—AT B RO R 5 e K p e 2 ;,;g,jm ................................................... (52)
. PR - B R 15 B B A ZS AR A evveeeervvnrrerresntnii e (52)
B a8 10 Ay ) R T T (55)
BN KRR AE B R IE R K 2 S HIBR AL ZEARAE e emremnesnn e (56)
e R RT TT  EHEEARAE +e e eee e s e (56)
T BRI + e e e e e sttt ea s (58)
= IEUJ%E/‘]%EEBTJ"VC .......................................................................................... (60)
B RUKH AT B RIAE B R vevveeeerermernrrreemnnrr et (67)
— mmﬁppﬂgéﬁﬁg&fr%ﬁ ................................................................................. (67)
. %ﬁﬁ?ﬁ%ﬁﬁﬁ&;ﬁ;aj{ﬁ%ﬁ% ........................................................................... (70)
S IR AR RIHLEIR] s rr e e (73)
[m\ %;{ﬁ?%éﬁ;};ﬁﬁ?ﬂ .......................................................................................... (75)
ENE RES-SSESREHMERERE-BEBMNILE e (78)
B R ES R B B S TG T ATIRAR « e vverreereeennnnanrte e s e e e (78)
e TJFGEI BRI e veeeeneeene oo e e s ettt (78)
. MF&‘%%EW}E%&EE{]*%?E .............................................................................. (80)
=. ME%%EWE%EE@&@EEDEﬁ%{HW ............................................................ (80)
B KRR SRR K LR BIHTERIE <o (81)
— %ﬁﬁﬁi&km%%%ﬁﬁi% .............................................................................. (81)
. iﬂji’@ﬁ&ﬂﬂkﬂ.l% .......................................................................................... (83)
j“ ?Lﬁﬁﬁ%%ﬁm%#km% .............................................................................. (85)
[m\ %%gg%ﬁi¢ﬁu%km% ................................................................................. (85)
EE:\ {*Eﬁ*%km% .......................................................................................... (85)
BETAT KA BEARAE eeevverersreeensine sttt e et e (88)
B 0 (88)
- ;r:"r"‘f&ﬂm ................................................................................................ (88)
E\ *Liﬁﬁﬁmfiﬁ#km% .................................................................................... (89)
m\ é%%?ﬂi@ﬁnﬁtkm% ................................................................................. (89)
. {':PEAD"/,(MJ([JJE .......................................................................................... (89)
HIY R S R AL B EARAE oo rer et e (90)
— #Fﬁ‘ﬁ ......................................................................................................... (90)
- *Eﬁﬁ(ﬂlﬂﬁtﬁ% .......................................................................................... (90)
E\ Eméﬁ% ................................................................................................... (91)
g, Hjﬁwfﬁﬁ:}:ﬁﬁ?ﬁﬂﬁalﬁﬁmfﬁﬁ{\ tjﬂ—j‘ %ﬁ{f_}_ﬁE ......................................................... (93)



BRY SHAOMAFESHBERIEEE e e e (97)

—. iii}?%ﬁfi%‘%ﬁﬁ}%#ﬂéﬁz ........................................................................ (97)
T BRI HIBRALEE et e e s e e (101)
BT Sr. Nd. Pb 1 O FITZHIERALEE +ooeerrrerererrmnmrmrmriirteniirieeatae e s e ss s e (105)
— Sr—Nd laﬁ‘zi ............................................................................................. (108)
T Ph IR HIER LS cveeevrrtetttietiiitiiiiiii e s e e e (109)
=.0 [ﬁ”ﬁﬁ ................................................................................................... (110)
WL SRS E SRR EG IR oot (111)
— BEREEERR (BERRE) BARE e (111)
. mﬁe%ﬁ?%mﬁﬁ@ﬁ%amﬁ‘za ..................................................................... (112)
AV KRR SR A P B ELAAIER - v evevrmererrrmneeneeaenniernren s sensnenninaans (116)
WIHE PR O TE R - vvrrerrrere et e e (118)
B TR TR S AT R T T FIREE -+ -vvvvvvermrevrereraenersrinnerennssisennsinnnns (118)
N T RN YA b=t 3 b I AL LR T IS TP PRI PP PRTRORY: F P PRI TTRPTIPTED (118)
T TEREITAE LR YA AT overeeerrerre et s s e (118)
=, ﬁ%m&j%%ﬁ.a%ﬂ ................................................................................. (118)
=W PR TR R T AL T HIBRAL AR «eevveveeerrerereeereentinnniieni e (126)
e BB e ee ettt ettt e e et et st e e et (127)
. ﬁij—ﬁii&ﬁ'f‘h# ....................................................................................... ( 128)
=. ﬁﬁﬁiﬂﬁ}*{h%ﬁm ................................................................................. ( 138)
g, [ﬁ]&?ﬂg}*k#ﬁﬁ .................................................................................... ( 139)
WA TR LR BB AIARAR cever e (143)
— ﬁ%zﬁﬁ%[ﬁjﬁziﬁgﬁﬂquﬁnlﬁm ..................................................................... ( 143)
- ﬁ:ﬁ%ﬁﬁ%ﬁﬂi?ﬁisﬁﬂﬁﬂﬁ .............................................................................. ( 144)
B PR IE R BRI e (146)
— ﬁ%mﬁ%m%%%z ................................................................................. (146)
_. ﬁ%%ﬁ%%ﬁ%%ﬁﬁ%ﬂk#%{* ............................................................... (146)
=. ﬁﬁﬂfﬂﬁﬁ]ﬁ?ﬂjﬂ@mﬁ%ﬁ ........................................................................ (148)
. ggﬁ%ﬁ%mﬁ%_pﬁmmwwﬁaiiai ...................................................... (150)
E‘ mrﬁ%ﬁ%%ﬁ% ....................................................................................... (152)
WA E BRI EDET R LLEE oo vovrerreeer ettt e et st (156)
BE TG BS[A]APAT covveererereeerreteeetnii e ee et e e et s s e st e e e se e eeesseens (156)
— %ﬁ&%z%ﬁuﬁ ....................................................................................... (156)
. km%g%ﬂb‘ﬁﬁﬁ .................................................................................... (156)

7= S I 4 oSS (167)
— km%m%ﬁzﬂj,{ﬁ ....................................................................................... (167)
. ng@%ﬁﬁﬁgﬂﬁ ................................................................................. (173)
A SEIHTU TG D coreveverrrrnrnsnssassreratenerieeeetettettt ittt e aesaaeanateren (175)
_ %E%ﬂ ................................................................................................... (175)
T KU A R BRI SH A crece oottt s s s e s e (178)
I TCEHIRIEAE B R B HBERALEE +oveeereeeerreesessnrrnriir e ieeee s te e e e e aeesee s (180)



BT B TR MIERLEARAE  veerereeeere et (180)

:\ [ﬁ],ﬁ‘zif&ﬂi,{/b#%ﬁ .................................................................................... (197)
%'tﬁ iEEﬁE;‘It&IZ%ﬁERkEX%&%’E’JE%EE% ................................................... (201)
B BRI KRR - veeoveeerrrnressnne st (201)
SR - T A AR K LA I B BRBE A covereeresrrs s (204)
L BRSO JL B IR B RBT A e (205)
= W H-E SR AR AL . B IRBEE FEBE A e (205)
PO, BhE-REAEE R BRE K LS . BRI AR BT SHE e rrer e (206)
T G- RUETRIE L FUR A BE A «rvvvrrerressee s (206)
. B U BT E A A RIE A LU HE o eerreerererensrnttiii (206)
b BB KLU T BRI AAE <vrevene e s e s ettt (206)
N BT RRME S LIRS e ven v rn e e (206)
Fle AT TR B AR o <o v e e e e e s sttt sttt s (207)
o BT LI ceeeer e e st s (207)
B ETE BRI - e (207)
e BRI E TSGR TIFURIE  +vcverrerrarmroe s (207)
T B IRIE K LI B B T AL e e e (212)
S B ACBRME L B HEER LS oeee e eree e s (213)
DU, Sr. N Pb [RIfIZE  crreevenrerrneroremruonmtn ettt sttt e st (214)
oA ET A IR FIEIEE oo (218)
. FAA TR AR B B KB TRAFIE et (218)
= FAE TR HE B B T ALEE vt (220)
T BRI HI BRI - v v e veerme e s e st ettt s e (225)
- iEe) VETGHE X BT A A K B IR o veveeerererer s (231)
e BAA AT ettt ettt b e e (232)
- ﬁl‘}qE ................................................................................................... (232)
E %i‘-& ................................................................................................... (235)
DU, GG veeerronmnmenen s et en et et ettt st s e L (237)
BHEY BT E AR S REE S P S TE A ALK e (238)
L ERE R AR R S G KT FURAE «+v v vervr e (238)
T TR BIET LSS ceeeer et (240)
= SR A HBER LSRRI - v v e e e v r e e (245)
BN DR A AR AL B HIBB AT < veeer oo (255)
. MBI T ARG +ovoeveorosrmerrreresre s sttt ittt (255)
T I UEALR T MIALEE  cee e e (257)
= ﬁﬁﬁg%i{ﬁﬁﬁ@%mﬂﬂﬁﬁ ......................................................... (261)
— . EREEPAFEEARTAERR . EABIETE oo (261)
— . OEETEhBEAR AR . TR AEITHE o (264)
=, RSO ER T B E IS IR B HIFREE XL cerrrerererreees (266)
WA ETHEH KRR B RIS SR roeeeereemsssnenseene (268)
e ETE AR A L AR BE A TE  BIMITETREE orvreerrerr e (268)

. 8-



. Eﬁ%i‘ﬁm,ﬁkm%ﬁgﬁﬁ%mg EMH%%%%B@@@ ....................................... (268)

= BT AR AL A B IR AR TR o ererre e (269)
DU R M K A AR T B S A TR S B I A e v e vre e e er e e (271)
HE HRTEET AN - (273)
o TR HEIR BT K LB HEFRAEAE -+ oooeverereremreere (273)
e MR B IR EPHITRAESL  cveeeeee e re e ee ettt (273)
T KILIHBTRAGRAIE «vvveeevevnn e em e e e et s ettt s (274)
T TR KL P LE R A B T BEARE <o eeeerree e et e (276)
| BRI R A RIS RE v eeee vt e (276)
T BT AT SN T BTG BT we e er e et e e (277)
= BRI B IBRAR AR e e (278)
=3 B KB MR E -+ creeereerrer e (278)
e R R I R v e e e e s s (278)
T TRER YT YEEARE e ee e e ettt (290)
U HAEAR KL A Al T S A HRITHGE v vveerermemeremmsneneses e enn e (290)
e B A A i e e st (290)
T BB A e s (292)
SR B AL BIHIERALZE ettt (295)
e MR R AR L BEETTIS corerr v rrer et s (295)
T BRBR IR b BB T IS e r e e e s (296)
. I HEERALAE <oveereer e res e e e (297)
AT BRSO S IR B IEFUBE - v (302)
e E R B BROIE G U e rr e e (302)
T KWEEX EM T EM I BB TR ceeeerrrrrrrrrrerrarer sttt (304)
N - - R R R T LT D P PR (305)
EHE BEEERIHERMNBERAEEMRS s (306)
%——-jﬁ lﬁ]ﬁziﬁ{ﬁ%&@{%ﬂ@&ﬁ%ﬁﬂq ............................................................ (306)
B RIS BRI GEIT E AP --veeeerrerererreerrmmmrritr et (313)
e B BRI R HEI] o ve e rr ettt e (313)
= B BIR G TS B LIS corrreerereerrrr e (314)
BN AR R RERBIE e e (321)
B = oy e o= L[ B ST P PP (322)
= RSB B AR R A TR KLU +ovvrrererrerer e (328)
EEPUY BRI TR BRI A cvvvneeeerereeerrer ettt e e et (339)
%_‘-&‘-’ﬁ mﬁ%%*-%i{{g&ﬁ%mﬁ% (yj:[‘%ﬁ;) .......................................... (341)
BN BTGP IR A K TEAE LB RBEBEEE  crereeerrrererrereeren e (341)
g e I == (343)
e, BTG HE  cevrer e e s e (343)
R T8 B S W12y o 5 - R T T T P P T PP PP O PP PP PP PP TP P TTP PR TR DRSS PP (350)
FAH RURHALHE BB AW R RHF BN —SB IR HLIX A AR -+vvvreeeoeerseesesnenns (352)



S S BEEEEGEILERE—HE o (354)

W HREELTENEAT R FIEHBRZEGER oo (355)
e EE DL ooveve e n e e e L s (356)
= RS -AT T RIA (FIBEHIBE) «orrrrerrormrmrs (356)
S BRI UGS e ovee e e et s s (356)
PO, B RS AL B TR RE BT s e evvererrnnmnmessns st n et r et rb ittt (357)
—H m;ﬁ%%@tﬁ—)ﬁﬂtﬁ%%{@ﬁﬁm:}i ......................................................... (357)

B FRESE AL SR EEHIERILEBETT e (357)
—, FRERRAREE (FRRI A BB RIBHIRILAERITE) +ooeeree oo (358)
= BT A TR A AR S T VA HL BB TT, <+v e s e (363)
= BRI HI S HIERALSEEETE ceeeree v een ettt s (364)

%m%‘ I)?]FE%?%@HEE%%W%E{JE%%%{}G%%@ ............................................. (364)
e R M TR S v v vvmvnrmreor e s e rer e s e (364)
T AR AR ceeeeeeereeeestnten e s (365)
= EEORITERIEEAER]  cvrerereererererat e (365)

BHYY K] JEE B B 18 5 S S AE X BRI B R TR <oveeerremermmremmmsnnenieniens (365)

BT R E R - S BB R ST R e (366)
| EEREEINRUATE N EH Cu— Au RAERBIIER et (366)
= EE ORI R RS ER A BRI e (366)

W — B BWEEEIERMAEHEREN SRR N orreerer e (367)

BB ENE- PN CREREIETRR -oooveeeerreer e (367)
. H RS ETE R BBTARAIELRE «- - veev v ree e e (367)
= ENEE- TP YH R REARIRI ] weeeeerorrooemoenenn ettt (367)
= BRI E-EIE R B IR < oreereererrr e (370)
TF HEEEEME AR EEEIR] (370)
e BB AU e e e e e e e s s s s (371)
T THITS RS e e e n e et e e s (371)
T FH— PR S e e e e e e e e e e (371)

By T E RS E A ABEIRYIFRLRR oo (372)
—, EHBRRC SANRRRRE T ORI BT HROHIRFIE T oo (372)
= ERE A BB A SR HIIRILAEBRTE  cevererrrertrrr ettt (372)
= BREEN SRR GBI e (373)

BN HREREEHFSHIRE oo (373)
e A T RS TR MR B RIS e v vee e oo r v r e e et ettt e (373)
T BB E AR U e ee ettt s (374)

BEA R R E R R B 25 B T R MR B H L oo (375)
. FREES AR -SRI AR EHIETESIERE et (375)
. %ﬁ%ﬁ‘F#ﬁ%ﬂ%ﬁﬁrﬁ]ﬁﬁJ%ﬁTﬁEﬁ ............................................................... (377)
=, HEEEY RN . REBHIRY A GPS JEHE «rorvrrrrrermrarriersneti (377)
T, FEYERANTTRRTR,: EEAR. FMEITTEE “HEIE”  rrrererrrerrrmereeresrrinsnii (378)

BB TTRR v ver e st (380)



Contents

Preface
Foreword
Chapter 1  Spatial-temporal distributions of the Cenozoic igneous rocks in the Tibetan Plateau

........................................................................................................................ (1)
Section 1 A frame of the Distribution of the Cenozoic igneous rocks in the Tibetan Plateau «:-«---- (1)
1. The Gangdese-Nyaingentanglha tectonomagmatic belt «++««+«sssseasssssssserststrmtntniuiniiiinnnrinsssieneees (1)

2. The Himalayan tectonomagmatic belt +++=ss+ssessssernsunsmmrunerrumimiiiiiniiirrs ettt (5)

3. The Jinshajiang-Lancangjiang-Nujiang tectonomagmatic belt —+++++ssssssrerssenassasmensnansiessarnmnecesunse: (6)

4. The Karakoram-Qiangtang tectonomagmatic belt — ++«»s++essssressetriatrnatntniitiiiinitietnenseetenees (7

5. The Hoh Xil-Bayan Har tectonomagmatic belt =+==+sreesssssusssermniirmiistiiuuninmiiieiiestinee (9)

6. The Altyn Tagh tectonomagmatic belt  ++++++¢ssesssreresanummmunmumuiatiiianttntttttttt sttt (10)

7. The Kunlun tectonomagmatic belt «=+«e+ssscesstrestntmestiiiteteriuimtiituerientottienteeteneaeees (10)

8. The tectonomagmatic belt of the North margin of Qaidam Basin = +++«=+esssereseessenssnnmnutetiiicniieesnnse (11)

9. "[‘he West Qinling tectonomagmatic be].t ........................................................................ (11)
10. The Qilian tectonomagmatic belt «++«++++sesseereesrarsrntisermnniiinttiiietiertnittiesrerere st sennss (11)
Section 2 Petrological types of the Cenozoic igneous rocks in the Tibetan Plateau «c:weeveecerseeees (12)
1. Syn-collisional granitoids «++++++++++s+++sesrsetsnnrnnnr e e (12)

2. Syn-collisional intermediate-acidic volcanic rocks — ++++++ertsesssrrrasstsiinenti ittt (12)

3. Post-collisional potassic-ultrapotassic volcanic rocks ~ *=++++* feeeeteiecssiietetiiietirannbrananeersenanaans (13)

4, Post-collisional adakitic porphyries «reersseesssssersmsnesrmiriiiie e (14)

5. Syncollisional-postcollisional peraluminous granites *+++++«+ssessrsresssasssenstraniertsiititiistiitaneerrenanes (14)

6. Syncollisional-postcollisional small mafic intrusions «+««++=+«ssrssrsssnsstssenssntstetmmniiuii e (15)
Chapter 2 Linzizong volcanic succession in the Gangdese-Nyaingentanglha belt = -----c--oxe-ee (16)
Section 1 Distribution of the Linzizong volcanic succession «re----c-esssesssarcsestostiincncninnieen. (16)
Section 2 The stratigraphic sequence of the Linzizong volcanic succession «::tcocsreecessereeseeeeses (17)
1. The Dianzhong Formation ~ +e+++tsssessessses cerreaerrrenes P (17)

2. The Nianbo FoOImnation =+« ===+« #++ssstessstesststontsatestertoteontetaontotesttoncensonsostosiottostsnsoasstsos (21)

3. The Pana Formation t+es+ereserserossses P (22)
4. The basis for dividing petro-stratigraphic units  =++++++rerssssssssssrsesesssosonitiottmiiniiiiiinnessienaes (24)
Section 3  Petrological characteristics of the Linzizong volcanic rocks rrer-mecemriseserisecncennens e (27)
1. The petrographic featUres +++++«++++»=+cs s tantrtnesmmmustiiee ittt ittt rtite sttt e ttiuennaesatanene (27)

2. The petro-assemblages ~ =+++++ssesereserersneisicsninineens P (28)
3. Mineralogical COMPOSItIONs  *++#=+** =+ eessssrnntrtuttttetttntntiitttiie ittt ttettn st ennese (30)
Section 4 Petrochemistry of the Linzizong volcanic Tocks +«+seresreeresesrsasmmnieniinniisiisininenss (34)
1. Petrological series and types  ++++rssssssassnseseninnsne s e (34)

2. Alkalinity and degree of Al-saturation ++++++==+es et eteitserasenaraasetiusseianasnnsannssennrrrarerannsiranns (37)



3. Petrochemical parameters .................................................................................... (38)

Section 5 Geochemistry of the Linzizong volcanic rocks —++++++tetererererereuuutumimririnsaanassareenns (40)

1. Rare earth element geochemistry *+++«+++sssssseseerssersnieenn. erarararereaaes Cerrerrseisiiens treeraeiaen (40)

2. Incompatible trace element geochemistry — ++=+v= s+ st sesrerarareasttnen ittt irstesiassaataae (44)

3. [S0t0pIC SEOChEIMISITy ¢« +=+et s tasersre et anan ittt et tet ittt sttt st e sesha e neaaane (46)

Section 6  Geochronology of the Linzizong volcanic succession «»++e---- SACRLAIXELELTINLY: SCRTRELRETIRER (49)

Section 7  Petrogenesis and tectonic implicatioins of the Linzizong volcanic succession «+e++-sees-e (49)

Chapter 3 Cenozoic granitoids in the Gangdese-Nyaingentanglha belt «--------coccooiiieiiiiiin, (52)
Section 1 A Spatial-temporal frame of the Cenozoic granitoids in the Gangdese-Nyaingentanglha

e S PSP (52)

1. The spatial distribution of granitoids in the Gangdese-Nyaingentanglha belt ==+ ++sseeeereeeceriiiiiiiiiiini., (52)

2. The sequence of tecionomagmatic events in the Gangdese-Nyaingentanglha belt +ososreeseerereeeiiieeiiinen, (55)

Section 2 Petrology and geochemistry of the Cenozoic granitoids in the Gangdese-Nyaingentanglha

O SRR (56)

1. Petrological and mineralogical characteristics of granitoids  ++=++++ssssssrensensseuimiineiiniiniiiieee (56)

2. Petrochemical and geochemical characteristics of granitoids ++=+++++=srssesssarerstinemiisiiiiiiiineiin (58)

3. Timing of the formation of granitoids «===+«+s+sssstrssersrettntttuiiitiiiiitiii ittt ere e eeaans (60)

Section 3 Origin of the granitoids in in the Gangdese-Nyaingentanglha belt — --«veeeereeieiiiiiie. (67)

1. Mafic microgranular enclaves in the granitoids =+« +r++=+sssesseressasteetneiimertiiiiteiieti, (67)

2. Magma mixing and the timing when it took place  ++e+=s++essesersreerririutiiii (70)

3. The mechanisms of magma mixiing ===++=+=+++++=ssssertertrntmmitmetiiiiiiiieii e (73)

4. A simulation of the processes of magma mixing ++=++c==+==<++=+eressusstruartaniiiitiiettaiiiit (75)

Chapter 4 Potassic-ultrapotassic volcanic rocks in the Gangdese-Nyaingentanglha belt ------ (78)
Section 1  An overview of the studies on the post-collisional potassic-ultrapotassic rocks in the

Gangdese belt ««eeerereresiniiniiniiiiiiii et (78)

1. An overview of the Stlldy hiStOry .............................................................................. (78)

2. Characteristics of ultrapotassic rocks in the Gangdese belt  sereerrreatiniiiniiiiiiiiiiiiiitiiititictianeaanes (80)

3. Petrogenesis of ultrapotassic rocks in the Gangdese belt and implications for the subduction of Indian continent

p]ate ......................................................................................................... ( 80 )
Section 2 Geological features of the post-collisional potassic-ultrapotassic volcanic rocks in the

Gangdese belt «««evsvverestemsnintiiiiiiiiii s (81)

1. Volcanic rOCkS and gra.nltlc porphyries in the Wuyu basin  sreccerrrmretianciiiiisiiiiicetittiscstitrsessnns (81)

2. Voleanic rOCkS n the Yangying geothermal ﬁeld ............................................................... (83)

3. VO]CaniC rOCkS on eastern bank Of the Zabuye Salt lﬂke ...................................................... (85)

4. VOlCaniC rocks in the Dangriyong ‘lake and the Xuru lake ***tsreerrreccitntitcirrosnactccnarssssessscssrceaans (85)

5. Voleanic rocks in the Gongmutang, Zhongba County ......................................................... (85)

Section 3 Petrography of the ultrapotassic volcanic rocks «recerereseereriiiiaiin., (88)

1. Volcanic rocks in the Wuyu basin =+++++++++++ssteursmterunmmunnraeeetaeteerinmimrmraeaeeseesnes (88)

2. Yolcanic l'OCkS in the Yangying geOtherH]&l fleld *cttrrrrerereeeariiiactiniecrncsatasntssovessstccsarsrrenraans (88)

3. VO].Ca.niC rOCkS on eastern baﬂk Of the Zﬁbuye Sa]t lake ................................................ vannnn (89)

4. Volcanic rocks in the Dangriyong lake and the Xuru lake +«++vseesereutersariimiiriiiiiiaineiiiininennann. (89)

12 .



5. Volcanic rocks in the Gongmutang, Zhongba County ......................................................... (89)

Section 4  Geochronology of the post-collisional volcanic rocks in the Gangdese belt -----xe-eveeet (90)
1‘ samples ...................................................................................................... (90)
2. Experimental and testing methOdS ------------------------------------------------------------------------------ (90)
3. The results of iSOtOpic dating  #+«+r+=++=+==sssssseermsrsumtiittterrttt i st e et e s e trr e s aeeae (91)
4. The ages and spatial-temporal distribution of the post-collisional igneous rocks in the Gangdese «+«+====**2ee>- (93)

Section 5 Petrochemistry and geochemistry of the post-collisional volcanic rocks in the Gangdese

DIt +vereesrrnrenrenrenttuneantnstteetue e tan et ahaah et s e et e s et eta s tan et eenatneenas (97)
1. Major elements and the Classification and nomenclature ...................................................... (97)

2. Trace element geochemistry ................................................................................. (101)
Section 6 Sr, Nd, Pb and O isotopic geochemistry .................. P T T TR (105)
1. Sr-Nd isotopes *+** Cereenerreaeaa eeverreneiians cererienen Ceererireeans cerereraens ceerranrene ceererens (108)

g < T P P PP PTTPO (109)
3.0 iSOtOpe ................................................................................................... (110)
Section 7 Origin of the post-collisional potassic-ultrapotassic rocks — srevrresreeieerviiann, seereese (111)
1. The origin of potassic (shoshonitic) rocks in the Wuyu basin = seorersereerrrrrerereerccrriericanaceerineee, (111)

2. The origin of the post-collisional ultrapotassic rocks in the Gangdese — <esesererrrerereresesrrersraneecnnnen. (112)
Section 8 Other aspects about post-collisional magmatism in the Gangdese belt ~ «--+-e-eeeereesens (116)
Chapter 5 Cenozoic Peraluminous granites in TiDet .- --rrorueeriimsmrerenmicniimesseriereniesnean, (118)
Section 1  Distribution and characteristics of the Cenozoic Peraluminous granites in Tibet ++-«---+- (118)
1. Various belts of the Cenozoic peraluminous gramite  +=+=+++++++sesessssssmmmrmniiiiiiniiietiin s, (118)

2. The distribution of the Cenozoic peraluminous granites in Tibet ==rerreeesererrerrreercreererienearieeee, (118)

3. Petrological types of the Cenozoic peraluminous granites «««+««+++=++ssssssssssessrsrssnseinsrurmimumiuinnunnn (118)
Section 2 Petrochemistry and geochemistry of the Cenozoic peraluminous granites in Tibet -«:--- (126)
1. Petrochemistry ................................................................................................ ( 127)

2. Rare earth element geochemistry ------------------------------------------------------------------------------ (128)

3. Trace element GeoCREmLStry  =+++++++++sssesrrsersantrsnnntte i eet s et e e s et e s ettt b (138)

4. ISOOpIC GEOCKEMISITY  #++e++=+++essereesasse st ettt e et e et e e e et s e s e et (139)
Section 3  Timing of the emplacement of the peraluminous granites in Tibet -eevorreereecncennaanass (143)
1. An overview of the studies on peraluminous granites =+ +++++rsssrsssaserertiiiiiiie e (143)

2. The scope of the Cenozoic peraluminous granites in Tibet ++++++sesserreeessreesssrnnmnisiiesiisianeiseeneee, (144)
Section 4 Origin of the Cenozoic peraluminous granites in Tibet — «oreeeereeererceniariiiiniia (146)
1. The source regions of peraluminous granitic magmas ++++++=+s+ss+s=sessssseesermremmiiiimntes (146)

2. The tectonic and physicochemical conditions for the formation of peraluminous granites «x=eeccseserereeeceee (146)

3. The tectonic settings for the Cenozoic peraluminous granites in Tibet — ccesecrseeeccsrnerearseines presereneees (148)

4. The Cenozoic peraluminous granites in the Himalayas: Petrological records of the intra-continental subduction

............................................................................................................... ( 1 50)

5. The Cenozoic peraluminous granites in the Gangdese ......................................................... (152)
Chapter 6 Cenozoic volcanic rocks in northern Tibetan Plateau .------ocoovveiirmnnini, (156)
Section 1  Spatial distribution of the Cenozoic volcanic rocks in northern Tibetan Plateau -:«----- (156)
1. The distribution of petrological fields ~«+e+=terseevesersessainnes seeesnanssransnnesesrarsens asesracssasrneane (156)



2. The geological characteristics of various petrological fields <e«recerermoerersossereerimiieciirrriciianeiaeen. (156)

Section 2 Timing of formation of the Cenozoic volcanic rocks in northern Tibetan Plateau ------ (167)
1. The tlml]’lg Of meatiOn Of the CenOZOiC Volcanic I'OCkS ------------------------------------------------------ (167)
2. Migration of volcanism with time in northern Tibetan Plateau =ersveseserrercecerserercccmniiiirincinsaieees (173)

Section 3 Petrological types and petro-assemblages of the Cenozoic voleanic rocks in northern

Tibetan Plateau +«ccceverererrreertiiiiiiiiaiiniiniiiaiientetisucinnocanes Vessarsesessrsssaranssnns (175)
1. Petrological types +e=rssreessererseresneiesiaciieiiiiniinmiitiiiiieiniinie feedessicacerarecciisatetesanne (175)
2. Petrological series and paragenetic associations ++++erreesserocentiiesianiiiaies B (178)

Section 4 Elemental and isotopic geochemistry of the Cenozoic volcanic rocks in northern Tibetan

Plateau :+erevevececcacannes Y (180)
1. The characteristics in petrochemistry and trace element geochemistry —*++++-=- R R L LR ALERTERRLRE (180)
2' The Characteristics in isotopic geochemistry ------------------------------------------------------------------ (197)

Chapter 7 Cenozoic igneous rocks in the Jinshajiang-Lancangjiang-Nujiang region in western

YUunnNAam Provinee «occcceeierotriiiiiii i iritiiritiiiirenttetreentrrarreetsretai s atetrraaanen rarees (201)
Section 1 Geological features of the Cenozoic alkaline rocks in western Yunnan eoeceoeeeesseeens (201)
1. The Diannan-Madeng belt of Cenozoic alkaline volcanic rocks and alkali-rich porphyries tecesseeerrecesesees (204)
2. The Liuhe-Songgui-Beiya belt of the Cenozoic alkali-rich porphyries *==«=+++++- Sresserarssiaciiitiietiienne. (205)

3. The Haidong-Xiangyun-Midu belt of the Cenozoic alkaline volcanic rocks, alkali-rich porphyries and lamprophyres
................................................................................ e (205)
4. The Yaoan-Nanhua belt of the Cenozoic alkaline volcanic rocks, alkali-rich porphyries and lamprophyres **+ (206)
5. The Zhenyuan-Fengqing belt of the Cenozoic alkaline volcanic rocks and lamprophyres —+=+«rsseeseecsereesee (206)
6. The Ailaoshan Jiujia-Mojiang belt of the Cenozoic alkaline volcanics — sesseresrrrreresrnererrianesenacenens (206)
7. The Jinghong belt of the Cenozoic alkaline volcanic rocks and alkali-rich porphyries +«=ees«++- (AALEELEERRLEE (206)
8. The Pinbian-Maguan belt of the Cenozoic alkaline volcanics  «essessexesrenves AL LR (206)
9. The Yongping Zhuopan Cenozoic alkaline complex +«+++=+sssseersseruceeraaces Ctesrneneeeicetetiiosnnnienanes (207)
10. The Tengchong volcanic belt *+«* Chrearrrsenens vaterrreesiansien N trretreenanns e (207)
Section 2 Cenozoic alkaline volcanic rocks in western Yunnan «ecveceeerssereceiiinniiiii. (207)
1. The petrological types and characteristics of the Cenozoic volcanic rocks «*+** eeerrecseiriecsaeuiiiisineaees (207)
2. The petrochemistry of the Cenozoic volcanic alkaline rocks *++=s=+-* IARAAAREREERIE L, eeresssseennne seeeenees (212)
3. The geochemistry of the Cenozoic volcanic alkaline rocks —=++r=++r=ssrssersssrarnnastminaniiesnsraeruuinniess (213)
4.Sr, Nd, and Pb isotopes of Cenozoic volcanic alkaline rocks +++++===ssssessserssssrrniseniraesaresniereuns (214)
Section 3  Cenozoic alkali-rich porphyries and lamprophyres in western Yunnan = -+------- seerennes (218)

1. The main petrological types and petrographic features of the Cenozoic alkali-rich porphyries and lamprophyres

............................................................................................................... (218)
2. The petrochemistry of the Cenozoic alkali-rich porphyries and lamprophyres resserreseersesseecsersaciieecens (220)
3. The geochemistry of the Cenozoic alkali-rich porphyries =++«++=sessssseresensaireniiareriieiiiintaineinenan (225)
Section 4 Mineralogy of the Cenozoic alkali-rich porphyries in western Yunnan  «-receeseeeceeeees (231)
1. Clinopyroxene ................................................................................................ (232)
2. Amphibole --------------------------------------------------------------------------------------------------- (232)
3. Biolite  eretttestsecrancttntttiatitiictnnsansiiinas g (235)
4, Feldspars R R L LR L R R L R I N R L L R R R ] (237)
Section 5 Deep seated nodules in the Cenozoic alkali-rich porphyries in western Yunnan «++--+«-- (238)

c 14 -



1. The petrological types and petrographic characteristics of the deep seated nodules +=x=etcsrrererereescseeees (238)

2. Mineralogical chemistry of the deep seated nodules  ttrrrreeeerrireraietiiarciiritiititiirtetsbtnanoeens (240)
3. Geochemistry Of the deep Seated nodules ..................................................................... (245)
Section 6 Mantle-derived nodules in the Cenozoic volcanic rocks in Maguan region «r-«ceeseerere (255)
1. The petrological types and petrographic characteristics of the mantle-derived nodules «==«<«essrosrenrroecssere (255)
2. Mineralogical chemistry of the mantle-derived nodules — *++«++ss=srtersesennnnmanmmtetnnniinninetenineesses (257)
Section 7  Structure and thermal state of the lithosphere in the Cenozoic in western Yunnan -« :--- (261)

1. The estimation of equilibrium temperatures and pressures for various crust-derived nodules in alkali-rich

DOTPHYTIEs 7w vsesrrenssestesstere st (261)
2. The estimations of equilibrium temperatures and pressures for mantle-derived nodules in Maguan region *-- (264)

3. The geotherms in the upper mantle beneath the western Yunnan based on the estimated equilibrium temperatures

and pressures Of mantle—derived nodules --------------------------------------------------------------------- ( 266 )
Section 8 Petrogenesis and geodynamic implications of the Cenozoic alkaline volcanic rocks and
alkali_rich porphyries in western Yunnan ..... MM EsssEsEsAsee e asteataetRes Ut BRRRIRRRROE RS . (268)

1. The tectonic settings of the Cenozoic alkaline volcanic rocks and alkali-rich porphyries in westemn Yunnan

............................................................................................................... (268)
2. The origin of EM Il reservoir deduced from the Cenozoic alkaline volcanic rocks and alkali-rich porphyries in

WESLEITL YLIIIAI =+ e+ " * e tessenseesansstsensuttentosentaseetssneetoseaenoossotauesssiniossiatssisesssssssans (268)

3. The petrogeneses of the Cenozoic alkaline volcanic rocks and alkali-rich porphyries in western Yunnan *<-*-* (269)

4. The lithospheric structure and crust-mantle transiticn zone beneath western Yunnan — c:-eecereeerenerensreee (271)

Chapter 8 Cenozoic igneous rocks in western Qinling, Gansu Province -------.ooooooeverinicenne (273)

Section 1  Geological features of the Cenozoic volcanic rocks in western Qinling — «---rreerreeeessee (273)

1‘ GeO].OgiCal settings .......................................................................................... (273)

2. Geological features of VOICANOES +++++ss+tssssssesansssttruuiatiuiiisiitiiiiitiuiiss sttt ittt (274)

Section 2 Classification and petrological characteristics of the Cenozoic volcanic rocks «-+«e+s=cee+ (276)

1. Classification and petrological characteristics of kamafugites =~ <rresesrresssreromerenmrecencmmnenecnenrnnene (276)

2. Classification and petrological characteristics of carbonatites ~ evv=reereersereereeee R AR A 277)

3. Spherical segregations in kamafugites ........................................................................ (278)

Section 3 Mineralogy of the Cenozoic volcanic rocks «rr++++ssssesrsseesermmmnrinniininiaiiiieens (278)

1. Mineralogy of kamafugites .................................................................................... (278)

2. Mineralogy Of carbonatites .................................................................................... (290)

Section 4 Petrochemistry and nomenclature of the Cenozoic volcanic rocks —erecsseecesresenceeeens (290)

1. Petrochemistry of KamafUgites ===«++==+s+ssseesesrranstuessntnnstinttteriiiitiitattt e (290)

2‘ Petrochemistry Of carbonatites ................................................................................. (292)

Section 5 Geochemistry of the Cenozoic volcamic Tocks «reesssresesssssrassrsrniumnanteniieneneees (295)

1. RﬂIe earth elements and trace elements in kamafugites ...................................................... (295)

2. Ral'e earth elements and trace elements in carbonatites ...................................................... (296)

3. TSOMOPIC GOOCREMSIEY  +++++=+e+"ssssssnnsssnsnnetttssteesrr s e s s e s st (297)

Section 6 Origin of the Cenozoic kamafugites and carbonatites ««+=+ee-+2e serreranierseiiieinieaa, (302)

1. Origin of kamafugites — +«r++s==rsestessermtntt ittt st (302)

2. Origin of EMI and EMII in the source region of magmas ~ ==+++++=sesssssssssriensstmuuniiiitneiie (304)

3_ Ol'lgin Of Carbonatites ....................................................................................... (305)



