ek 1 il F‘\ ﬂﬁ Eri 1990@7)%

%5 fF A P B M GR IR O

ol
(AEFRRZHFRF )

HE EIWEEFERNS BE RENRREREE WWERIETBER#E, KB
FURE RN A TR MR E EN NIRRT SR8 I s s 2 i
%, M\ BEEmP—T—tHF, BIFUREITHE BT, L EARY BNy PxhahFE
AR R AU 2. A RRMPOIR, CMTRTRRVEYE, ARR2RE
R EERY, MR ASCER R AR L 0 EOR N BT X — T Bl A b B
WETIE I B,

WA Sy i FE v I 1 43 DU R LA R R e U0 Ri 4R  — oy, 1 ERIE
WBEMRE, Hh X4 EREN (BERRRRAEHR), 2 EXREN, 1. Axd

SESHRN, ERXan BEsREE, 2 BE—EERN,

WERETHADIE A BERRRE, TFEPEENEE. LA AREEEASXNT a4
EN, TEEEIAERERYE, 2 WHESNTWIRET; 3. NEAZEFuXHh HERK
RECHEEHSERANEEEET XL,

. WRREH R

RERVHLAAGRTYRERMNELENEAREAMRE, ENREBERESHK
FHT{E, BEHETFREMXOCREITRG TEENIRE, HBRHVRT —TTHRE
3, EREEECEZHNA, X—-HEEENEEKES, NANELSBREME, B
18 22 A0 4295 o A SR B I — A A JEUEE A0 R A B 7 R M ) R %, XA TR SR B il Tt
fE—2eifiE, BM EZRE T Essenc (1982 ) Wy Bt f1IEJ13t ( Geologic ther-
mometry and barometry ), 3% [%JTﬁ;{IﬂE, InBrown(1976), Guidotti & Sass
(1976),Holland (1983), Maruyama et al, (1986), Mueller & Saxcna (1977),
Perchuk(1977), B MNEX BN HERK TR, ZT8 NHHREEE, 7 £ 5
BRI, AEAITEEZN,

TFREASARERA XK LERAR, FEEEMSEHRE, EREAEXAEMN
ﬁﬂ?fﬁfﬁﬁ?*ﬁ)ﬁ%ﬁﬂ’]#ﬂﬂiﬁﬁm MR L 4E & v Ya s MR ERER

Ry~ R B AL,

UXHEAFXABIY LB, BFREX, HAEEERL ANTPULXERE, FESRERGTIHZRL
AR R4 R,
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WE304ER, EREFEMLZGEMNMAE=ZNE LIRS TEEHBRR:

1, (B MOWEARKGEH, 55 RERT R 5

2, AAHAEEE RN H, 550 RS0 1= AR Ak ) i 5 T

3. BRI E A E AR R 5 T
HA bR 2R e TR, 28 ——FH R BN —— e REAFEERNTE
JR AR TR B ER 5% fn B3 ) (constraints ) REMEATIR A B IR,

RIELL LB BB RS, BB TR NMEBEERT .

1. ZREAGRTEATERIL, BeaEixi S0 mTFIenis b

2, FFEALEH, BRETSEHIEESERE, SHTHRIERLEHTER
LB —T R, MERFFRENREEY, TiESSE, BT R ERNTR
Bl (P, T, X))y KRl (P, T,Xi,t ), MTRERM #i1E b & (static state)
WRFFLEE R A BN IRAE (dynamic statel {575F 5,

HEHF BT ES LR ERNES, BB &ERRREX, KBNS
AL RHEH PSRRI, HebREM AR ERHHA SR DB %
o T3S ER R BN S BT R ESIE ZFE B R %
( geo-thermodynamics ) f3) JJ% (geodynamics ) 45 & RAN R,

IR RE PR R E T AN TR R, XE—-NEEFERHITE, {5
TNEBE, HEHRELEILTKbMI0CZHN, $MBRETREMIIE, SINTRA
FES, FERESBENARIZETERRK, Bowen (1940 ) BEMEAKARRE
( petrogenetic grid ) APLE AR~ TR EM, MIgH.

o 2 B R B 5 ISR BLR i R, e X R B R 28 BUAR SR Al
SR —BWP—THE LHEWTRKM AR (grid ) ,RNFBRZAHERAKRE MEAEHE (petroge-
netic grid ) o 7EFEMT 30 IRERE A FOW KGR A LML REEE, W EMRE LRE
HB MR RNRREMES, 7 (N, L Bowen,1940,273—27417 ),

H—P R, HTRHEE (reversed ) {SL R MR 2B € FIHRF HE
RXEREDY, B EMNRETRERHEE, fRETEE, EIMEEBES RN
& (calibration ) T.{E, MMM THIREBIET . CERAVLETRABME, BLED
REZ—TMERTT A,

WRBETSEESDFREGNEA: (1) 78 L8 RV 338 (2 )#53
s (3 ) OV, BTFHRHM XERASITEIE, ZFRRENHER, LRk
NRES, LRRERANETEREHLEGER, LEST. BT HREmER Xt
- RESTREERNENES N, BERRNERRE - MR NG T, SREZTBR
BRI St H A BT, ARG R BRI, Rt — iR E AR R
Bl WKL SIERMEL.
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T BRI RR E LA E R R

HWRRE R A E R B R KAl —E0ing, SRS EHITEXE
TA AT BASHEE, BEREHEE, ERENITRREEEN, A&
HEX—-REHSBERABRK), A5 EEa I RAVIASSERE, By EiREm
ENNZEAR, HURERE, ENXEEERESH, FRHOTECEREANMHE
WX, HITE—VOEEVDHERAN TR RERESENREL, Ui
CHIXIH, FIRAEERD EAREERERENEE ( Guidotti f1Sassi, 1976 )
&, EHEMETBT, GXT DA RETHASHERE N &RRFT RIS LR
m&ﬁo%%,i&ﬁ%%ﬁf—%%ﬁkﬁﬁﬁﬁF%ﬁﬁﬁﬁ(H¢4wmm)u
BB AT SR AR, BuOE ., EhiE EMURAREN R, B, mad
S al S RN IRETT N, RN SR DL R

1. ZREMNE

S 98 BV AR RV FL R 4 5 AT 00 G AL A A R i 0 A BB R RS R A
F ¥ HABETE iR B, T IR R it T 2t ﬁ&ﬂﬂ*ﬂu‘ﬂmtu%m 45 4% Ay
Ne EEEEE, EIHE,

~aﬁﬁIﬁﬁﬁH&m%ﬁuemqmmmnﬁwmtbhﬂﬁmmﬁoﬁ—-
TSR £k, & KA A %&E%m%~ﬂ,ﬁﬂ+ﬁ%%% TG 55 o B s 18
AP AELREAR, B EINEI 8K, 15225 Bl ok 48 Y 2 BT R (1% 78 S S 2 iy
£, HEIMNEEZBREINERAN, FARER N E Lthl,glﬂﬁtj]a e E TR A =
HER + R, N RGN R,

WA —E %R, 8§ 7 h X —J7 i Bt E (Peruchek, 1979
H ), FENEG &jg,&@%%;f)}g)j%ﬁuﬂ — T, 45 <= lcal/molcK, AV < 2¢cc
[molohy, FRESHENIRELL (Essenc,1982)

2, §HHE

, FABAE T WA SRR BGR E& N AR TRREL (B, W40 T HHEE
A5, SMEAEHAERE, Batib ga 7 BHHE (SassifiScolari, 1974),
Hpt, M ARE A WRA—T A E#T LR E, RIEEESE % (reproduci-
bility ) VIR & FAL N ECIRRERE,

E—BEEET. ALERMTIE5EAFHHIMT HER, AT EK0ENR
AITHAMIA (Evast, 1961), SEHAFNENAZR, BA] N F 5 k30X —
5 T o) &,

VB EF —TF T (order-discorder transition) &5 5 gk —7Fh %i&,‘lﬁjf
NERBEE, ENHEEFNERTOEEETERERN BN ERLENSEE
RE e BRI R R, WX — iﬁ%ﬁ%ﬂﬁf%%ﬁ%%ﬁ%&ﬁmkﬁﬁm%
WEE G, NTRAWRIKN, MEHEFEHEdE, BB 7e b a2 F e
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HR— 1 E A,

HRB R — N EERARE Y E0R)E L RSB0 FRE (e SR L% U
MR B, XN YA SRR TR B, e iR i RE A ET
BBUE BT B i, REAAGT HASFY TIPSR Zh, KERR
FHLERHEY, XLRLRERSY, BhEeRL, UhTTw NRETHhT
MECMEL BRI, XFMCEREGEHFARNARS XS,

=, WA B UR FETH KRB Sk

R E AT ERBEFRR LR EE S, R R R EREER N { solid
solution reactions ) RMBE X ERA, fTFMLMTERHATHELES, Hx
AR RRER TASIIEE (2 ) URABRER (Ko) BBk, BHERSHE
RT, HEEMEE, FHURKRBRESE (intensive pacameter ) fF 3¢, HW N
ETAE&LR, BESKE (fixed component reactions ) M FH#HESEE,
TR, HNAERRNBAASWE, EHBREETRK, HNARD
EI . By WREHT HlWAE, KR (dehydration reaction) s XA
SR (volatile reactions ) Hﬂﬁ‘:ﬁﬁflﬁﬁﬁﬁ%“'—i, HER EF Y RAERTE SRR
%, EXREH, —KiAHPi=P,, H,OLTRERK, EEFLHSHITEEDR, BN
FEERERANERELFEE (FerryfBurt, 1982), FLHX, ZFIE ARHP+
P, UERH,OMEEEHRBRIE, «H,O WpkE, Hit, MANEEREBRIIE,
HR—E AR ER SRV WEEISIR Y, B2 AR AR RS e —
ASHRE, —BoEHE, BENBRSHATEET, RENBARTEN . BE—EE
RN ATFREL, EFERATNEED,

: MBREIET HEEE, SNUASERMRERE, MEELHRNEE 4,
B, BMNRXS A,
1. BB R (solid solution reactions )
1, XK (exchange reactions )
2, IR ¥R (non-exchange reactions )
I. E®EESRKR ({ixed components reactions )
1. BEEE5BRE (solvi reactions )
2 . Ek—E&ER K (solid-solid reactions )
TREM | FAEHEEKR (BERAS ) REMRE—BERN, Z5RTT,

1. BskRESR |

K—REAp, FRHTRHERENa-K, Mg-Fe** - (Mn), Al-Fe® ~(Cr)
%; J&_‘ﬁxﬂﬁ\%

1. RWRERIE (exchange thermometry )

Z R E S B IA G R R b, HILE ALY T A R (ntracry -
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stalline ) K& ¥y 2 (intercrystalline ) #ATR i, MAKREZ R A RETHHER.
TR R R S RAR AV, TMHERASK, Bk, B 28 KRBT RE T
ft, ATRATFRET, #—FEE 5 H.
a . iENZ KRR ET (intracrystalline exchange thermometry )
—ANEEETY (cryce ) e R, ZTEENHTORKEWHHafpirE (sites),
Sa ik AR 3B 7 s

cl—a+c2-—5=c1—5+cz—a
<« 0 —>

OER M HAE, REAREMENS BN RS (distribution coefficient ) Ky
ﬁ?‘é’
Xe -p*Xey-a
Kp=
Xcz—ﬂ'xc: ~a
HRK X ER 54 (ordeiing parameiers ) , 5EFASMIEE (activity) B,
ac 1""'&” 2”7 %
K =.
8c, -p*dc —a
—Rekl, X—RETHEMRENEE, £y B BB, ¥LHE: (1)RAEH
AVET T, mEHZH; (2 )BamFen Mg EM (1) mM(2 )i Efsie
( SaxenafiGhose, 1971 ), HTAGERBERMERRD, FRBHHLT, ERGEHG
e 5L B B GR AL 3E JR A ARG AR A R 4 B T AT, BT LUK — R A R B ety 2
e R, ELMEH THRMERN, RBRRHEET,
b . EhKA M7 ¥ N I BE (intercrystalline exchange thermometry )
X — 2R T A3 BB R W] ARy
A. +B., =B +A,, CA,BAZXRBE ), o flc, ARBMITE,
WA ER BT BRT R (TP = HE8E ) A
AH =TAS +(P-1)AV+RTInKp;+ RT1eK, =90
AV—RBAD, BHit, X—FRAERNREDT, KT RAL,

B 4
K - Xc_] 'Xc_z
P y R
Xc-l 'x.c_z
K, Bc flc, G EE# (activity coefficient ) ZF, ii_—j‘jf%r—ﬁ@H“-ASW}] K. %

B4, B KT Ko,
Mg - FeflX — B i Al —HX R, MAREREAEEAS BRIEMF Y
Fe®* il 22 o fob 50 W I R i SR B ofl R 2 , 20 01 R 8 8 10 MR GRS DJE 187 I A 3 3 IO
(1) AWAE—REEREE: —RATER, FIRER RSP,
B + SRR = RIEAEA + 2R
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%*MgaAiZESiO4]3 + CaFe[Si0,1, =%Fe3A12[SiO4]3 + CaMg[$i0,1,

AT EFEHEGRRE . SHEAE . RS, UREERS, HEHAR, RIFMHY
ElliofiGreen (1979 ), WM EEREEMAS A EHI MHBLRN, BTHEER
W, KEESHAT i im s TR sy, BIER -2, MENAREE —RBiHC—Rg
JBE, fiERahaimfGreen (1975 ), BREA (MEHST>35% ) WEFI, FEEH
FiiE. ‘

(i) FWRAE—BREHRE 2% ATERE—hREFRER, KITRE K
LR ( FerryfaSpear, 19795 ) LIREBFOMEIE, M .

AT+ REGHNA = RS E + REARA

KMgs[SisAlO,,J(OH), + Fe, ALL,[SiQ, 3, = K Fes[Sis AlC, , J(OH, )

+MgsAL[SiO, 7.

— ¢ FIEC MM S iR T B A0, BREHFe® E25—30% 1, JFEEME(E
BB R, BT SREREM. |

HEMAME—256. AMA—T32REEE W&H 5% ik (Perchuk,
1977), .

2, RN IEET .

JE3T B B T SR AR e, B AT BT R M, S04 5RE
FRBT B, FRGHEADREWLE, M. %05

Ac1 Foeee = Bcl + ...,ﬁn

EEA=-BEAMEAOrERA + AR
BT RN J5 R AR 2R A,
AH°—TAS®+(P=1)AV +RTInK + RTInK, =0
K Fyfa s> Z¥ ( partition ocefficient )

XB

¢1

K =

A
X'__1

AYﬁ%k,¥%ﬁ%5ﬁ§mEﬁﬁ%,mﬁ&ﬁio

a, AMA—SEHEO—WEA —AXRETT

MRBER, HTh—SRTRER, BEEEE A KRS, ZRRF (Henson
Qreen, 1973, NewtonF1Wood, 1979 ) .

CREBER -ROAMEA AR+ A%

3Fe, A1, TAISi 0,1 =2Fe;Al,[5i0,7, + A1,510; + Si0,
Fe, Mg® H#t, Frigm iAo —5, SPn, o R EENETRKME KRG ES A
RS EEREE X, WA TRRGEY A5 ARR IS ATE X, Newton
% (1979 ) BHLEREREHENRERIRE,
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b, BrE—BR=E—AMA/TEHEE

HHTFRE— B RERER, R (Guidotti, 1970 ) .

RERA+AE=AMA+BzEB+ERNARE +H,0
B BREA+HAZE=1TEA+REB+BEERREA+EWHEE +H,0
EMR—-MERGBBRE (sliding reaction) , RRE 5HE &fi}v‘tﬁﬂj%zﬂ,
B TAHZEPKmNaE e, Na/Na+ K {EhiREFFHTE, £5 Al ZHEA
vy, HRRAMAETILALSION, FI{ENIRET,

c. BIRARA—SRANARET

AT h—ERERERM A, KR (Brown, 1974) Jg.

HHAA+SGHFA+H.O=FBRANA + R A + FR A+ F bk

X—RYBTFZREKRAHBRBRN, FERRA. SEIMELRNEST, BR

ANAHREENANa, (Mg, Fe?* ) AL{51,C), (0, 4F w4E 5 Ek i, B
NaM, - AI"BEBTTASCRREET, NaM, iy Er &4 fM, #Na ( Papi-
ke%, 1976),

I. §EENRER

BEASRMBBELERAHBAKT WA EEEMS, MEZRELE#, AR
L&, X—EMAEET, {RHT, RAWEETmas, B2 ERp g, W
BHEBENE, BEYALEREEM, ITEEHTROBBERY, 2ERMEARE
W, I RRMMARRELE, EFERNRN, BlnEERCAENSRAS.
lillkt, X—RAMBEERERE, ANRTEEF —LF Rk, :

. EEESBRMIEET (solvus thermometry )

2 ‘ﬁfﬁ%%@?ﬁﬁtﬁ%ﬁﬁ MFFT{KP?EHIJLJ’ZH_ 4318187 (compositional gap),
MEBENREAS DT HEHRE, —BkiL, ﬂﬁZmHTZ"JﬁFH, SR A5 1R

a., REM=ZITHER

RN ACIRERWIE T, Barth (1957 ) FFMAMKA S FEFRKESHKA
H i H B SR & R B, Stormer (1975 ) ¥ TR, 364 SR A NI kA
EAETE, EEETEEEIRKATHALMERNEHNESGE LA RBAR,
FARAS EE MR E (450—550C ) RRARSEY BA—BS A BETEEHME50C
%74 (NesbittfnEssene, 1982),

b, FRA—H=ZABE

X—BETRESFBA—AZARRTANRODRNEBENERE, Sk
BT (GoldschmidifiNewton, 1969 ), —M i AT REEHRIEM, H
FEREF, BERK, 5X400CEE (ValleyfiEssene, 1980 ), 7 fE5L3R
MEBHFRERX,

c. ARB—PaBRET

X—HHEATFEWR ( Thompson 1974, GuidottifiiSassi, 1976 ) 5% #k, FAT

WREARE + AR =FWHEE + K G + ALSiO; +H,0
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RS —#RAE —ALSIOHEH, WEEREAHNa/Na+ K, XRE— M7
oI, (ERNEREN NIRRT, 5 — K R B SR AT B
Tc—768,8+31,00(i5)P(Kb) (Euguster#, 1972)° lﬂ:&b’ H Oﬁl“)ﬁ-fﬁ 231, 0

- BRHTERE,

2, BEk—REER R ETT (solid-solid reaction thermobarometry )

X RN —BERATENTHES, ﬁﬂw‘%nﬁtﬂa&l\ﬂnmlﬁ%m&iﬁ LR, Hf
FilREEEF, R KRENMEERE, & BT \vTT

AH -TAS°+(P-1)AV+RTIaK =9
InK =3vilna;, viREERYAHEHES i LY R ZR BRIV +5, KV
THh-5), RERSRI. WHEIMNNMEERY S S, NEERERRE S
B, #ITHXUE,

a., BE—RARENT

AT BEEEEN, Y.

PRA=FE+AX

NaAlSig 0y =NaAlSi,04+Si0,  (Holland, 1980)

WRANRERA, SLREEH1200—600C, PSTHERN.

P=0,35+0_0265T(}C)+0,50Kb
AR BRI ER S M 5k, PR OERS TR fER P (T<<500°0C ) 2 IE
BEREF—EFZHHF W, \ _

B AR A AR RS G RA SRR (Holland, 1983 ), B X FEA
FHEANaFe(St,06)1—8 E[NaAl(Si, 04) 1 —F M HLCaMg(Si,06) I8y R E ik A4
MRS, BEMBEAN TR IR 8&, —B0 ZEEIN, MEEIEIMH4

. EE, BFEURMKAEHEFE,

b. AEA—RRKAE—ALSIO—HERE

B EAT R—BRERERABERER PR ABA—HR A —ALSIO,—F#E
Ho MR,

BRA=-SHEAEA+ VRO + L%

CaAl,Si,0, =Ca3Al,(5i0,), + A1,5i0, + Si0, (Ghent, 1976)

AT ABARSRAWEREER, UT>600°CH FFllE M 3RS B8 18)E histn
(NewtonfiiHaselton, 1981 ), MERAVHNIE, A AiS BABEST DN
Tz AR SSRAEE 4T BiE BB R R,

RV WA SHITIERE S R E AT Y & 5 s KEB%MLE%#J AU B R g
JKRBLE, FmAEZMmb AENE, REEBSEY, FEER,

RBUR T B BAE RIB R AR TTBR D i T B, Bk s i 7 M7 72 10K 4
R, FEMUMOCOMBEMNA, MRS B (1 )R BERERN, (2)
FE AN MRW, SERRES MBI RRASHER; (3 ) 3585 B
( 4 ) BT b E S R Ry (5 )%5"‘%&5‘)@ MR RS ER IR ER
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s (6) MBETFHME G BRI #F8HE T SREE.
HEl, EREETHTHERADE—EHEM, BOHTFERERAMEHRE, X
BRTOIHNE. NRERAERK,

8 5 X M
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THE GEOTHERMOBAROMETRY IN
METAMORPHISM

Dong shenbao
(Department of Geology, Beijing University)
Abstract

The study of the geologic thermometry and barometry, estimates of
metamorphic temperatures and pressures, has been in progress, Velwninous
geothermobarometric data have made availabie to demonsirate the context
of the temperature pressure variaticn with the cuccessive structural events
within an metamorphic belt, as shown by its P--T—t path, The develo~
pment of the geothermobarometry relies on; 1)the electron microbe analy-
sis and X--ray crystallographic measurements of the metamorphic mineral
and mineral pairs; 2) application.oif thermodynamics to petrology;and 3)
laboratory phase equilibrium experiments involving metamorphic reactions,
among which the thermodynamics acts as the foundation, the phase equi-
librium experiments are regarded as the applications of the thermodynamic
process, and the microtechnic {analysis the necessary requisites for [the
evaluation of the temperature and pressure within such framework in the
geothermobarometry

Current opinion on the classification of the types of geothermobaro-
metry largely follows the nature and the constraints of the metamorphic
reactions, They are, I_ metamorphic reactions involving solid solution,
which may be subdivided into 1) exchange reactions consisting of the
intra—and inter- crystalline dxchanges; and 2 ) non-—exchange reactions;
II. metamorphic reactions involving fixed composition, which may be
divided as 1)solvi reactions; and 2 )solid-solid reactions,

Careful works must be done much more than plug inthe number or read
off the graphs. One should test the individual geothermobarometers by:1)
making repeated measurements on the same assemblage in variable bulk
compositions to ensure the reproducibility and the effects of variable compo-
sitions; 2) choosing cautiously the current fashionable geothermobarometers;
3 ) running calibrations against other thermobarometers and comparing with
the informations on the isograde or other data collected from the metamor-

phic terrains,



