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Abstract: Total Al content (Al(t)) of magmatic hornblende coexisting with melt,
hydrous fluid, biotite, quartz, K-feldspar, plagioclase (oligoclase to andesine) and two
phases of sphene, magnetite or ilmenite in granitoids correlates linearly with crystalliza-
tion pressure at the time of intrusion. The calibration based upon this relationship has
been proposed by some researchers. This paper reviews the hornblende geobarometer
with some applications.

The hornblende geobarometer was firstly calibrated based on an empirical correla-
tion between the total Al contents of hornblendes in the granitic bodies and the esti-
mated pressures in the surrounding thermal aureoles. This correlation was confirmed
by experiments conducted at near-solidus conditions for granitic composition. The
increase of Al(t) contents with pressures is attributed to increasing extent of tschermak
-exchange between hornblende and coexisting biotite.

On the other hand, it is proposed that the Al in hornblende and albite content of
coexisting plagioclase give a pressure-dependent geothermometer due to edenite
-exchange between these two phases. However, the solidus temperature of wet calc
-alkaline granitic magma is virtually independent of pressures above 2kbar. Therefore,
the estimated pressures by the hornblende geobarometer must be reliable for calc-alkaline

granitoids, with exception of shallow-level and/or later altered intrusions.
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Bl {ERaEhca s h 2 ARATO AlBCERL
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TETe, Zhi, T U DERNICSER S e bl Tk
W, P bW OPOEFITCITERFFOEN %%
EEWICE 2, BRBWERE U OIS EE OB
BEE > T35,

NRTIE, EEEYh BN S XERERNS
TEREEDREE R HEEL &5 L3 23880 5, AN
TR RRENT 5. &8, ZICEHARACREL
WEBRTO “FNr 7L R” (Hawthorne, 1983) G,
ERSr S (Leake, 1978) TEHEINTW B IT Y
P9A (edenite), <7 % A4 E@EANIA (magnesiohorn-
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B HER TR TR (an empirical geobar-
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P (+3kbar) =—3.92+5.03A1(t) 1)
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P(£0.5kbar)=—3.46 + 4.23A1(t) 4)
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Hammarstrom and Zen (1986) @ Table 4% " Hollister ef al.(1987) D Table 1£5X b,
Fig. 1 Hornblende used as empirical geobarometer
After Table 4 of Hammarstrom and Zen (1986) and Table 1 and 5 of Hollister et /. (1987) .

OAERED Ti0,ix1.3wt% T T, EERIAWsizA
BIE L2 B D B,  DEEXEED Fe-Ti
B BSOS 8 VR WHFE L TWT, Zhas
AV EARAD TiOERNY 77— LT\ 5% LBIR
TE5,

Schmidt (1992) I3 ARAEDERLSE L5 25
Z &%, 11T Holister ef al. (1987) LEICHETHL
T3, ZOLETENEFRFILIERE2To7z, OB,
B U CARECRBHROEIESRE N TR 300 Y
5, BEP CO,0ORMRITEDBEER LIS Ll
ELERL TV D, H0FERRD SEIHEREENS, 2.5
-13kbar, 700-655°C O#IFHTAICETFIL 14T

P(£0.6kbar)=—3.01 + 4.76Al(t) (5)

AIPEA L L DEMNT 20RFRT V7B
PUZE 2D TH Y, AlOVELS KD L, OB
Mg-Fe izt U T3 U HERERN TR L, L3 Mg
-Fe?*x Al-Fe** iU CEBIStED, 2D &, Mg
2 Al BEEMZ 205, Fe(t) GRORE) X7 T 2L
LEWZ ERRBLTWT, Z0E Mg/ (Mg+Fe
1) BEMCEDHEE2T 22 L bIEL WS, &5

ARG YV A THE 2o T T ERNZREET
T2 &bRUTz, EIARIRAEOHETD Al ERICE
12 b7 63 2 EREML, Db COEELIRMED
BRI IFEREET 5 2 LR AL,

PR HEEB I E D B E ABIED Al Off
L OBIREERNTR U, 72, ARAEIEFE UTR
Eahz (1) (3) (4) B)REHEMTR LI,

5, BERTFEORTE

AIEEERCY LT Blundy and Holland (1990)
XAERA EREADEEOBEMRFEZRU TS,
SIES, BE, BRO 7 AV F—, TEPOKDEEH
oo T AEEORER L ARG OHR % <
DS LD F DTz, o leBAITESBKEEEM
BRCRYPEELTA VA N ThD, R
Wiz, \BESS 400-1,100C, ESI25 1-10kbar, B
R D 7 & ¥ F— graphite-methane 2* 5 hematite
-magnetite (HM) ¥y 7 7 —, FEic 5 5K0EHE X
(H,0)1%0.25-1.0Th 3.

BN, 1S X ANEESGERD &
S B U, AlE0—BRNZEIE, A(M4),
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(M13) 5 (M2),(T2),(T1),0,,(0,0H,F), T, bvE
FE (Tr), =7 YHE (Bd), S—F ARG (Pg), &
EARE (Hb) VR IR TH D, 25 D&
PEIROIIARTHDE L7 (Blundy and Hol-
land, 19900 Table2 E¥453). 2o DEESTEHW2
Z T, AlA, FEREHES SRIRAEFOT AN b O
R IR OBHRDSEL D 320,

7 VB (Ed) +4A3% (Qtz)

= MEZRA (Tr) +7 481 b (Ab)
28— H AR (Pg) + 4A% (Qtz)
=@ARG (Hb)+ 731 + (Ab)

Z DERR B BITEINCHT LT, BE L EHOM
FREHBLZENTES, ARAD TIVA O Si &
Al, RURHRADT WS, YEEEEETHETVNS,
BRRANCRD X 5 2BE (T) LB (P e B3 2B8F %
Bz,

T=(0.677P—48.98+Y) /(—0.0429—0.008314InK)
(6)

ZDEE, RIEAFOT AN, VERSDENMEE X
(Ap) T3¢,

K= ((Si—4)/(8—S1)) * X (Ab)

72720,

X(Ab)>0.5 Y=0

X(Ab)<0.5 Y=—8.06+25.5(1—X (ADb)),
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ERRE ST G E ARG O Al B2 L 2 BTSN
SHIEETE W ERRL T3,

Z DARAEIE S BRI iEmI U C, Hammar-
srom and Zen (1992) % * Rutherford and Johnson
(1992) 13k D & 3 e Kaw&{To 7z,

ARG I CEEEEEREL TV VS RAREEY
FOEFICED T3, SFYRHAGHE b REL TR
DI H Y F—dbP IS LW Ny 77 —LT»
%, Zhicx LT Blundy and Holland (1990) %388
GRIEGEESH 28 Owwivwz 57— BER0ER,
IRIREE < 1 - BRD 7 4 v F—EiF» SRohiz b D
THB, ESWH TV VT A COEFEOTRER, 2A
B SBZICHTE D L LT3,

ZOESFTEE S %Ki Blundy and Hol-
land (1992a) WFEANGREL T15, T72bb, AR
OESRPERET B b OTIRRL, TR ERRE S
B NISAEPTERRORES N E A L LT 3,
BB 2 OB TR, OB Yy M
VY IRBETHS, bbb, T=700 C fEG%
An 20 LT, ()X TR L7z Hammarstorm and
Zen (1986) @ Al(iv) & Al(t) DEHRIZETIHZ,

P(kbar)=—3.53+5.03Al(t)

&I BRI DIEEEREETE K —EF B L LTw
%, Blundy and Holland (1992a) 3R GERA
FERETHHZITY, 5L EL OARG EEERD

Blundy and Holland (1990) @ Table 20 E3453% D,
—iR=R ; A(M4),(M13) 5 (M2),(T2),(T1),0,, (0,0H,F),.

0. 2.

Table 1 Summary of amphibole end member compositions(Blundy and Holland, 1990)

End member  Symbol A M4 M13 M2 T2 T1
Tremolite Tr O Ca2 Mg3 Mg 2 Sia Si4
Edenite Ed Na Caz Mg3 Mg2 Sia AlSi3
Hornblende Hb O Ca2 Mg3 MgAl Sia AlSi3
Pargasite Pg Na Caz Mg3 MgAl Sis Al2Si2

General formula; A (M4) 2 (M13)3 M2)2 (T2)4 (T1)4 O 22 (O,0H,F) 2.

[J; vacancy.
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Poli and Schmidt (1992) I3BIDEmm & ARIERIEE
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Tt AlGiv) DEBBEFRWCSEAL S s E R,
ZHIZRL T Blundy and Holland (1992b) i3, 44
ARRARES CRRARUVALOANER T I8
A, X—HABA, SV TVY R, ~ARF Y TR
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6. ARBENFHER EDZ &8

PlED &S e, ARRETRHEN S Oh0HRDS &
‘ WRMERTE D/ HER S 2 % LRl CE %,

TR E DD, BRYE (AWEROKRLVY 7V V),
HE=R, SIEA, BRA, ARICINZTA 7 2 —, Bk
§h, 5 BERDRD U SR B AN T TN VEDTE
FEETH S, BRI R B B E TV WA
ERADBERABEFE LV, FESTEHERERRCIE, TiO, %/ %y
77y =T BV DA T 2=V IEET 2LERH B & &
NTDT22S, B & 7 5 V88 L ARED Tio,
MBL3YLATTH %% 518, ARAF O TiO, 3/ y
Ty —8NTWBERB¥RT7 =2 —VILBER, X5
WRAERL AR L R 37 o0k & B AR,
0=23 T Si<7.5, Ca=1.6 £%3bDTH5, fIEA
BAVIZVA—F Ty Tha, Thbb, DA
BIRERER M VE—TEREIRE —TEE (T 7 x o
=)z SRR L iR T & 3,

ZD &S BT OARGED Y AEERIC DWT 0=23
E LR AIZED S (1), (3), (4), (5) RDwD

16

P ( kbar)

Al (total )

B2l RERTELNIARED AIRE L ES & OBME

FUED : Rutter et al. (1989) @ Table2 % Y &7 & FHIC B 5 AR OB R Uz 12 &t L 74,

=f5E] : Johnson and Rutherford (1989) @ Table2» &,

PO : Schmidt (1992) @ Table3& V. 13kbar & » EE CIXBERFOELT 5 (Schmidt, 1992).

Fig. 2 Total Al in experimental hornblendes as function of total pressure

Circle: rim and new prism of hornblendes coexisting with K-feldspar in Table 2 of Rutter

et al.(1989).
Triangle: after Table 2 in Johnson and Rutherford(1989) .

Square: after Table 3 in Schmidt(1992). Above 13kbar biotite is not stable (Schmidt, 1992).
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L7 DIFERGEE I, 78T F 7 IO EREE AR
DL TARAEEH 2RI U OB IgE 2 0 T
%, #1213, Speer (1988)13FEA T T4 FDAERLC Lib-
erty Hill BEOEESE 2RO X > g Uiz, ARAI
HSHERNIAINTWAZ 55, Ellis (1980)1c &
A HAEE AR R R T S~ b
FHGD~ 7 <EE D OES#8-10kbar EHEEL 2. —
7, ftmaE~ 2/~ R UERE LEE, Hammer-
strom and Zen (1986)z & 2 ARGETEH»53.1-4.7
kbar & L7z, 2O X5 W 2EEOENIF2EWFIT 2 Z
kD, /B EY RIS LREBROEBEDE %
BHSDIZT B Z LN TE T,

7.2 iEEHER~OER

ARG LS R OYREEOHEED #7425
7, bo b—BHEFICEA L7l LT Vyhnal and
McSween (1990) DIFZE R 2T 2 2 & B TE 2 (54
). 7877 DOE—E > NSO THAEEE Allegh-
anian ZEIOEFICBE L T, AT A b DRSS OER
FROKBOEMED R 3B b 5 BEZ s LTy
708, BMEAMOEMEIIDHE D L bhoTnisho
7o, TSI, ARAREUHERBIIOTEREES
R14EWzDV>T, Johnson and Ruthenford (1989) 12
& AR TR REA L CEAROE 12K, Y
ER2.65g/cm’ LARE L CEEICEIE L., ZORRI

B o o o o T T
15— —

10 /S

Pressure, kbar
T

ol
1.0 2.0 3.0 4.0

Al (t)in hornblende

AREENEOE D

HZ: Hammarstrom and Zen(1986), HO: Hollister et
al.(1987), JR: Johnson and Rutherford(1989), SC:
Schmidt(1992) . ik 2 h EehOFEAEOEEHE =
7.

Total Al in hornblende (Al(t)) as function of
pressure

HZ: Hammarstrom and Zen (1986), HO: Hollis-
ter et al.(1987), JR: Johnson and Rutherford
(1989), SC: Schmidt(1992) .

E3M

Fig. 3

bLOE, ZOEEM IR AT D B HE O
RS (belt) IR L, FNFNOSHOEEOIS
EDEEDEERETGER DX >V A% ERES M LT
W3, Flz 1L, #EEED—o0 Kiokee HOBAEDOHIZE
i, FEEEREOERS=FIRA UM & D 29. Tkm
DEEHYST 27, 70K UFEREITHET
9 % Carolina & U Belair HOBEFOHSREIL, &
AL Tw 3 bREE%E Harbison &4k (HB) & Granite-
ville & (GV) CABBIEE/FHERIBL TEhThll.2
km, 12.3kmDEEELT 5 LHEEL T3 (BE5K
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Virginia

Tennessee

14.2 \
(142 S

S L 03

FBAR B7 /35 F 7 Piedmont Hik D Alleghanian LA
JEEix Vyhnal and McSween (1990012 & 3., #FRFEESARAE D47 & Johnson and Rutherford (1989) iz 7
ERD I BBAEOEE (km). AR 5 RO REH TR,
ER4 EBEE  Butterwood Creek (BC), Bald Rock (BR), Castalia(CS), Dort(DO), Graniteville(GV), Harbison
(HB), Landis(LD), Liberty Hill(LH), Lowrys(LO), Mooresville(MV), Pageland(PG), Rocky Mount(RM),
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Fig. 4 Alleghanian Granitoids in the southern Appalachian Piedmont (Vyhnal and McSween, 1990).
Values are the depths (km) of emplacement of the intrusives based on Al-in-hornblende
barometry (Johnson and Rutherford, 1989) deduced by Vyhnal and McSween (1990). Solid

line areas show the regions of Fig. 5.

Pluton abbreviations are as follows;Butterwood Creek (BC), Bald Rock (BR), Castalia (CS),
Dort(DO), Graniteville{GV), Harbison(HB), Landis(LD), Liberty Hill(LH), Lowrys(LO),
Mooresville(MV), Pageland (PG), Rocky Mount(RM), Siloam (SM), Winnsboro (WN).

). Butterwood Creek 2 & (BC)iX Raleigh#F &
Eastern slate EICEAL TWT, ZhFNOBEEET
12.0km &£8.1km DEBEEZRL, 2D0DEEHED
FAEPLT RO DL AERD B 2 LHTE B
). X5l S 1IIAKAORSEE L FEE OB R» 5 %
NZNOREF ORI RO T 3,

7.3 SEHDFICET ST ARSI ERAENERED
%

OYREOTERERED > B, Firg HAPE O HEc—
BiEREER, R X D ESRE -1k
BT onTns, E5ELIEN, ZhsOftEEEI
B8 % R IE A (1979) DSEMHERE T — 8 \EH DL

BItREEDT—% (FEiE, 1989, &6 1991) 200
%2C, Hammerstrom and Zen (1986) DHIEESEHE
WAL T, ERRNCESRE, LG (REEREE), U
BOECEIMES RoTWwA I EE2HLpIZ L &
8, 1989), & Z T, Czamanske et al. (1981) D7 —
& bz T, FEHLA 2 BEEE & hRERIZS T Hollister
et al. (1987) (2-8kbar) K OF Schmidt (1990) (8kbar
PIR) @& DRDIZENDERSE2RITTR U, 2kbar 2L
TOFEIENIEIHEEI NS DX, {2kbar &/RUTz, HRK
THOREED S b, FRREERET 2 b0 (GG
FE) 28 4.2-8.5kbar, EIRD & @ (P TERE) 230
kbar DfE%5.2 5, [UBFROTEREED S b, EERO
EERERT D3 2-4.1kbar, A b v ZIREESR.9-
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S5 Kiokee & U Raleigh # A ORI HE W T (Vyhnal and McSween, 19900 Fig.2)
BEIEERER ORI EET O ARG, SHEE S W EBEE. EREHEORS IEMEOHESR,

Fig. 5 Schematic cross sections of Kiokee and Raleigh belts (Fig. 2 in Vyhnal and McSween, 1990)
Numbers refer to calculated depths of emplacement or metamorphism for rocks
exposed at the surface. Pluton abbreviations as in Fig. 4.

F2R AREFO Al BED SHEE L HERFOIEMEEDES (kbar)
Table 2 Pressure(kbar) estimated from Al-in-hornblende in the granitoids of Chugoku District in

Japan
Belt Central Chugoku Eastern Chugoku
SAN-IN Daito gd <2 Ningyo-pass gr <2,32,34
Yokota gr <2 Okutsu gd 2.2
SAN-YO  Stock Small granitic bodies 2.9, 3.9, 4.2
Batholith Hiroshima gr 3.3,3.4,4.1 Mannari gr 3.6
RYOKE  Massive Shiratori gr 4.0
Gneissose Takanawa gd 4.2 Shido gd 4.7,5.0
Shido gr 52,6.4,85

Numbers are pressure (kbar) estimated from chemical data of Tainosho et al. (1979), Czamanske
et al. (1981) and Takahashi (1989), using geobarometer of Hollister et al. (1987) (2-8kbar) and
Schmidt (1992) (8-13kbar). gd: granodiorite, gr: granite.
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XYY ABHERT 2 DT, BINEERD» SN LEBE
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T, ARERESRIET VA ) EECEEMLI AV N L
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R EET L &, BN OEREMNCEERPICR
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FHET1.9kbar, FEIDZNTS. 2kbar & ¥ SEHKD
5h, INODEIERFHRTH S LS IFRNT 5,
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Witk S, EREECHEREVEOERLERLT
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EN, ARG CEIE 2 LT 12 o, FHENEFEE
TR L AR S G ERRRRR o & IR
D I ABHERHL TizidnTe, BREHEITRIIAR
L BRI b b & STERRRIC /N DR 2
B Twziinge, 3 SICBRIIEFE T TERERS L
Fome LT 28 o7, EDHA UL 9.

X ®m

Blundy, J.D. and Holland, T.J.B.(1990) Calcic
amphibole equilibria and a new am-
phibole-plagioclase geothermometer.
Contrib. Mineval. Petrol., vol.104, p.
208-224.

and

(1992a) “Calcic am-
phibole equilibria and a new amphibole
-plagioclase geothermometer” :Reply
to the comments of Hammarstrom and
Zen, and Rutherford and Johnson.
Contrib. Mineral. Petrol., vol.11l, p.
269-272.

and (1992b) “Calcic am-
phibole equilibria and anew amphibole
-plagioclase geothermometer” -reply
to the comments of Poli and Schmidt.
Contrib. Mineval. Petrol., vol.1ll, p.
278-282.

Clinkenbeard, J.P. and Walawender, M.].
(1989) Mineralogy of the La Posta
pluton: Implications for the origin of

zoned plutons in the eastern Peninsular
Ranges batholith, southern and Baja
California. American Mineralogist, vol.
74, p.1258-1269.

Cullers, R.L., Griffin, T., Bickford, M.E. and
Anderson, J.L.(1992) Origin and chemi-
cal evolution of the 1360 Ma San Isabel
batholith, Wet Mountains, Colorado:A
mid-crustal granite of anorogenic
affinities. Geol. Soc. Amer. Bull., vol.
104, p.316-328.

Czamanske, G.K,, Ishihara, S. and Atkin, S.A.
(1981) Chemistry of rock-forming min-

— 606 —



ARAEROAl &—fLREECES BT I (BBHEE)

erals of the Cretaceous-Paleocene
batholith in Southwestern Japan and
implications for magma genesis. Jour.
Geophys. Res., vol.86, p.10431-10469

Ellis, D.J.(1980) Osumilite-sapphirine-quartz
granulites from Enderby Land, Antar-
ctica: P-T conditions of metamor-
phism, implications for garnet-cordier-
ite equilibria and the evolution of the
deep crust. Contrib. Mineral. Petrol.,
vol.74, p.201-210.

Farrow, C.E.G. and Barr, S.M. (1992) Petrology
of high-Al-hornblende- and magmatic
-epidote-bearing plutons in the South-
eastern Cape Breton Highlands, Nova
Scotia. Canadian Minneralogist, vol.30,
p.377-392.

Hammarstrom, J.M. and Zen, E-an(1986) Alu-
minum in hornblende: An empirical

igneous geobarometer. American Min-

eralogist, vol.71, p.1297-1313.
and (1992) Discussion of Blun-
dy and Holland’s(1990)“Calcic am-
phibole equilibria and a new amphibole
-plagioclase geothermometer”.
Contrib. Mineral. Petrol., vol.111, p.
264-266.

Hawthorne, F.C.(1983) The crystal chemistry

of the amphiboles. Canadian Mineralo-

gist, vol.21, p.173-480.

Helz, R.T.(1973) Phase relations of basalts in
their melting range at PH,O=>5kbar as
a function of oxygen fugacity. Jour.
Petrol., vol.14, p.249-302.

Hollister, L.S., Grissom, G.C., Peters, EK,,
Stowell, H.H. and Sisson, V.B.(1987)
Confirmation of the empirical correla-
tion of Al in hornblende with pressure
of solidification of calc-alkaline
plutons. American Mineralogist, vol.72,
p.231-239.

Johnson, M.C. and Rutherford, M.J.(1989)
Experimental calibration of the alumi-
num-in-hornblende geobarometer with
application to Long Valley caldera

(California) volcanic rocks. Geology,
vol.17, p.837-841.

Leake, B.E.(1978) Nomenclature of amphi-
boles. Mineralogical Magazine, vol.42,
p.533-563.

Piwinskii, A.J.(1975) Experimental studies of
granitoid rocks near the San Andreas
Fault zone in the Coast and Trans-
verse Ranges and Mojave Desert,
California. Tectonophysics, vol.25, p.
217-231. .

Poli, S. and Schmidt, M.W.(1992) A comment
on “Calcic amphibole equilibria and a
new amphibole-plagioclase geother-
mometer” by J.D. Blundy and T.].B.
Holland (Contrib Mineral Petrol (1990)
104:208-224) . Contrib. Mineral. Petrol.,
vol.111, p.273-278.

Rutherford, M.J. and Johnson, M.C. (1992) Com-
ment on Blundy and Holland’s(1990)
“Calcic amphibole equilibria and a new
amphibole-plagiocalse geothermom-
eter”. Contrib. Mineval. Petrol.,vol.111,
D.266-268.

Rutter M.J.,, Van der Laan, S.R. and Wyllie, P.
J.(1989) Experimental data for a pro-
posed empirical igneous geobarom-
eter: Aluminum in hornblende at 10
kbar pressure. Geology, vol.17, p.897-
900.

Schmidt, M.W.(1992) Amphibole composition
in tonalite as a function of pressure: an
experimental calibration of the Al-in
-hornblende barometer. Contrib. Min-
eral. Petrol., vol.110, p.304-310.

Spear, F.S.(1981) An experimental study of
hornblende stability and compositional
variability in amphibolite. Amer. Jour.
Sci., vol.281, p.697-734.

Speer, J.A.(1988) Depth and mineralogy of the
magma source or pause region for the
Carboniferous Liberty Hill pluton,
South Carolina. Geology, vol.16, p.
521-524.

FEIASEE BLBA - ANTHI5AK - FHIRSRATT (1979) FHREICEH

— 607 —




WERERMRARHEE 4 E FL0S

o BTERESE DSBS DR,
2EREE, 178, p.99-112.

EABAT (1989) [LETRAAOLEEREEOESE
£ & ARG AR OB —.
MAGMA, 845, p.20-24.

(1991) [REHWROHNE, HusHERTEER

& (5 550 1 WEKIR), MBS, 41p.

KA B #(1989) B
BSOS, HURHERTEERE (5 750
1 HEE), HEFHERTL, 56p.

Vyhnal, C.R. and McSween, H.Y.(1990) Con-

straints: on Alleghanian vertical dis-
- placements in the southern Appala-
chian Piedmont, based on aluminum-in
-hornblende barometry. Geology, vol.
18, p.938-941.
Zen, E-an and Hammarstrom, J.M.(1984) Mag-
matic epidote and its petrologic signifi-
cance. Geology, vol.12, p.515-518.

(B2 1 1993524 H 6 H ; 328 1 1993% 7 H26H)

—608 —




