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EXPERIMENTAL STUDY OF THE SYSTEM ALKALI BASALT -
- WATER UP TO PRESSURE 20 KBAR IN RESPECT TO ESTIMATION 
OF H 2 0 CONTENT IN THE ORIGINAL MAGMAS BENEATH ISLAND 

ARCS 

(Figs. 9) 

A b s t r a c t : T h e n a t u r a l a lkal i basa l t of t h e following composi t ion 
has been chosen: S i 0 2 - 49.73; TiO, - 2.10; A1,0 3 — 15.82; FeO — 9.57; 
MgO - 6.41; M n O - 0.16; CaO - 9.30; N a . O - 3.45; K 2 0 - 1.34; P 2 0 3 -
0.33; tota l — 99.05. T h e e x p e r i m e n t s w e r e conducted in the isobaric sections 
at 10, 15 a n d 20 k b a r using pis ton-cyl inder a p p a r a t u s w i t h 1/2 a n d 3/4 
inch c h a m b e r s . 5 kbar section a n d the posit ion of t h e w a t e r s a t u r a t e d 
l iquidus onto t h e P-T p l a n u p to 5 k b a r h a v e been s tudied using a gas 
vessel. At P = 1 a tm. and T = 1205 °C the l iquidus has been d e t e r m i n e d 
by a loop m e t h o d in t h e h i g h - t e m p e r a t u r e furnace w i t h f Q = 10~8 con­
trol led by t h e given rat io H 2 / C 0 2 . Dry l iquidus is s tudied by t h e reversa l 
m e t h o d in the g raphi te tubes sealed in p l a t i n u m capsules. At pressures 
below 10 + 0.5 k b a r ol ivin (01) is m i n e r a l of l iquidus and above 10 kbar 
— c l inopyroxene (Cp.x). W i t h t h e Ni—NiO buffer in t h e nickel c a p ­
sules 01 also is m i n e r a l of the w a t e r s a t u r a t e d l iquidus up to P = 5 kbar . 
Above 10 kbar Cpx is stable at t h e l iquidus, w h a t e v e r the w a t e r content 

in the system ( N T T _ ) is. C h a n g e of m i n e r a l s a t l iquidi i reflect a change 

in t h e mel t s t r u c t u r e these m i n e r a l s crystal l ized from, w i t h decreas ing T, 

N .T _ or increas ing the to ta l p r e s s u r e Ps . This conclusion follows from 

the "data on t h e H-,0 solubil ity in the mel t at t h e w a t e r s a t u r a t e d l iqu idus : 
(T °C P, kbar/wt. % ) : 1015°/l/3; 1060/2.9/6.3; 1035/5/8.2; 1018/10/10.5; 
1015/11/19.8; 1009/15/20.2 and 1008 20 21.4. P lo t t ing these d a t a onto t h e 

P—N" _ p l a n the inflection of w a t e r content is a p p e a r e d over 10—11 kbar 
rloU 

range . This inflection is suppor ted to be due to p h a s e t rans i t ion of o r t h o -
si l icate clasters in the mel t into t h e metas i l icate ones. A project ion of 
l iquidus surface onto P - T p l a n e is deduced on the base of e x p e r i m e n t a l 
data, and the w a t e r contents in the melts genera ted in t h e u p p e r m a n t l e 
b e n e a t h t h e Aleut ian is land a r c and Western H o a s h u in J a p a n are eva­
luated. _ ___^_^_ 

"* T W " 7 "- , r •? ••' "irrää-?:;; • •'•?!&"<?•*&' 
Pe3K>Me:/IJIH 3KcnepnMeHTOB 6bm Bbi6pan o6pa3eu menoHnoro 6a3anbTa c/ie/iy-
Kjmero cocTaBa: SKX — 49.73; TiO 2.10; A1,0„ — 15.82; FeO — 9.57; MgO — 
6.41; MnO — 0.16; ČaO — 9.30; N a , 0 — 3.45; K.O — 1.34; P . 0 5 — 0.33; cyMMa 
99.05. MccjieaoBanHii npoBoan/incb B n3o6apiiHecKnx cenennsix řípu 10, 15 H 20 KÔap 
Ha annapaTax UHJinn,np-nopLueHb, B KaMepax 1/2 H 3/4 nioiíMa; ceneHHe 5 KÔap, a 
TaK>Ke noJio>KeHne BOflOHacbimenHoro jniKBHayca Ha PT anarpaMMe ao 5 K6ap 
H3yneno B ra30Boň 6 O M 6 C JlHKBHayc npH P—1 aTM H 1205 °C onpeneneH MeTOflOM 

* Prof. Dr. L. L. P e r c h u k, I n s t i t u t e of E x p e r i m e n t a l Mineralogy, A c a d e m y of 
Sciences of the USSR, 142 432 Chernogolovka, Moscow district. 
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Symbols: T - t e m p e r a t u r e °C, P H . , 0 — water pressure, N £ iq _ wate r content at 

l iquidus, Cpx — cl inopyroxene, Am — amphibole , Ol — olivine. 
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neTJiH B BbicoKOTCMnepaTypHOH nein npn fo:= 10~s, 3aflaHHbuvi cooTHOuienneM 
H : / C O : . Cyxoň jíHKBH/iyc H3yqen noxixoHOM c HByx CTopon B rpacjMTOBbix Bícnaubi-
max, 3aneHaTannbix B ruiaTHHOBbie arnnyjibi. Ro 10—0.5 Kôap MHHepajiOM nHKBHayca 
HBUHeTCH oJiHBHH (Ol), a Bbitue — KjiHHonHpoKceu (Cpx). Ha 6y<J)epe Ni-NiO B HHKC-
jieBbix aMny.nax yflanocb coxpaHHTb Ol B KanecTBe MHHepajia BOflonacbimeHHoro 
jíHKBHflyca ÄO P = 5 K6ap. Bbinie 10 K6ap Cpx cTaôiíJibno yflepÄHBaeTca Ha JMKBH-
#yce npn moôoivt coaepacaHHH BOAH B cHcieivie N H Q . CineHa MunepajioB JTHKBH-
jiyca OTpa>KaeT lOMeneme CTpyícrypbi pacrmaBa, H3 KOToporo 3TH MHuepanbi Bti-
naaaroT npH CHHJKCHHH T, H 2 0 HJIH ace yBenHnemiH oômero JiaBJíeHHH (Ps). 3 T O T 
BbiBOA BbiTeKaeT H3 aaHHbtx no pacTBopHMOCTH H.O B pacnnaBe Ha BOflOHacbimen-
HOM nHKBH/iyce. Ee coaep»aHne B03pacTaeT cxieaytomHtu o6pa30M (T° C/P, K6/BCC. 
%): 101571/3, 1060/2.9/6.3, 1035/5/8.2; 1018/10/10.5; 1015/11/19.8; 1009/15/20.2 

H 1008/20/21.4. npH HaHeceHHH 3THX nanHbix Ha flHarpaMMy P - N J J ' Q o6napyKH-
BaeTca CKaliOK B pacTBopHMOCTH BOflbí B pacnnaBe Me>Kay 10 H 11 K6ap, oôycxiOB-
.aeuHbiit, xaK npeflnonaraeTCH, ([>a30BbiM nepexoflOM opTOCHJíHKaTHbix KnacTepoB 
B MeTacHUHKaTHbie. Ha ocHOBe nojiyieHHbix 3KcnepHMenTaJibHbix aaHHbix BWBefleHa 
npoeicuHH noBepxHOCTH jíHKBnayca 6a3axibTa Ha njrocKOCTb P-T H npon3BeAena 
oueHKa coaep>KaHHři H 2 0 B pacnuaBax, reHepnpyeMbix B BepxHeií MaHTHH nojx 
AjieyTCKoK OCTPOBHOH flyroň H uoa 3anauHoK nacTbra o. XOHCKD B ilnoHHH. 

T h e d a t a on t h e h e a t f l o w d i s t r i b u t i o n a n d t h e r m a l s t r u c t u r e s of t h e m a n t l e 
d i a p i r s b e n e a t h m a r g i n a l s e a s i n g e n e r a l a n d t h e J a p a n e s e s e a i n p a r t i c u l a r 
s h o w t h e h i g h l e v e l l o c a t i o n of g e o t h e r m s i n t h e s e p a r t s of l i t h o s p h e r e . T h e 
c r u s t t h i c k n e s s t h e r e a c c o u n t s for o n l y h a l f o n t h e n o r m a l c o n t i n e n t a l c r u s t 
m a i n l y d u e t o g r a n i t e l a y e r d e c r e a s e . T h e a s t h e n o s p h e r e r o o f is l o c a t e d a t a 
d e p t h of a b o u t 100 k m u n d e r v e r y h i g h t e m p e r a t u r e c o n d i t i o n s (1500—1600 °C). 
B e n e a t h t h e i s l a n d a r c s t h e z o n e of p a r t i a l m e l t i n g of t h e m a n t l e g a r n e t l h e r z o -
l i te s r e m a i n s e i t h e r a t t h e s a m e l e v e l or is r a i s e d u p t o 3 5 — 4 0 k m . B u t w h a t e v e r 
t h e d e p t h of t h e a s t h e n o s p h e r e roof w i t h t h e 1100—1200 °C i s o t h e r m s is suff i­
c i e n t l y c lose t o t h e c r u s t s u r f a c e . 

F i g . 1 s h o w s t w o g e o p h y s i c a l c r o s s - s e c t i o n s t h r o u g h t h e E a r t h c r u s t a n d 
t h e u p p e r m a n t l e b e n e a t h t h e S e a of J a p a n a n d I s l a n d H o n s h u o n t h e o n e 
h a n d , a n d t h e A l e u t i a n i s l a n d a r c a n d t h e C o m m a n d e r b a s i n , o n t h e o t h e r . 
B e n e a t h t h e S e a of J a p a n t h e roof of a s t h e n o s p h e r i c l e n s is l o c a t e d a t a d e p t h 
of a b o u t 100 k m , t h r o u g h t h e E a r t h c r u s t a n d t h e u p p e r m a n t l e b a s e m e n t of 
W e s t e r n H o n s h u is n o t so d e n s e a t t h e s a m e l e v e l a s t h a t u n d e r t h e sea . 

A s is k n o w n , t h e t e r r i t o r y of W e s t e r n J a p a n c o n t i n u e s t o b e a z o n e of a c t i v e 
s e i s m i c i t y a n d v o l c a n i s m ( a n d e s i t e s , a n d e s i t e - b a s a l t s a n d a l k a l i b a s a l t s ) . O n e 
w o u l d t h i n k , i n t h i s z o n e i s o t h e r m s s h o u l d b e - r a l s e d c l o s e r t o t h e E a r t h s u r f a c e , 
b u t a c t u a l l y t h e y a r e l o c a t e d a t t h e g r e a t d e p t h ; so t e m p e r a t u r e i n t h e a r e a 
w i t h p a r t i a l m e l t i n g of g a r n e t h a r z b u r g i t e s a n d l h e r z o l i t e s is o n l y a b o u t 1200 °C. 
It c o r r e s p o n d s t o t h e l i q u i d u s of t h e d r y b a s a l t a t P = 1 a t r n . B u t r e c e n t e x ­
p e r i m e n t s a t P = 35 k b a r (see F i g . 2) h a v e s h o w n t h a t t h i s t e m p e r a t u r e s h o u l d 
be n o les s t h a n 1400 °C. I n t h e p r e s s u r e r a n g e 1 5 — 2 0 k b a r t h e t e m p e r a t u r e 
e s t i m a t e s of t h e g a r n e t l h e r z o l i t e p a r t i a l m e l t i n g a r e 1100 °C b e n e a t h t h e 
A l e u t i a n i s l a n d a r c a n d a r e t o b e a b o u t 1300 °C for t h e a n h y d r o u s s y s t e m . 

T h u s , g e o p h y s i c a l d a t a h a v e s h o w n t h a t t e m p e r a t u r e e s t i m a t e s of t h e p a r t i a l 
m e l t i n g of g a r n e t l h e r z o l i t e s b e n e a t h t h e m a r g i n a l s e a s a n d i s l a n d a r c s w i t h i n 
t h e d e p t h r a n g e of 5 0 — 1 0 0 k m a r e a p p r o x i m a t e l y b y 200 °C l o w e r of t h e a l k a l i 
b a s a l t d r y l i q u i d u s d e t e r m i n e d e x p e r i m e n t a l l y . T h e s e d a t a c o n t r a d i c t w i t h 

a w i d e s p r e a d o p i n i o n t h a t b a s a l t s i n t h e u p p e r m a n t l e g e n e r a t e w i t h o u t f l u i d s 
a n d w a t e r , i n p a r t i c u l a r . D u e t o t h i s o p p i n i o n t h e s y s t e m b a s a l t — w a t e r h a s 
b e e n p o o r l y s t u d i e d for m a n y y e a r s . F o r e x a m p l e , t h e r e a r e p r a c t i c a l l y n o 
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Fig. 1. Sketches of the l i thosphere construct ion benea th the Sea of J a p a n and Honshu 
Island (after P O Ä H H K O B H JI p., 1982) and benea th t he Aleu t ian is land arc (after 

C M n p ii o B—C y r p o ó o B, 1979). 
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correct data on the system basalt — water above 10 kbar. The present paper 
is to study this system and estimate the water content at any point of the upper 
mantle melting beneath the marginal seas and island arcs. 

We have studied the system alkali basalt — water in the pressure range 
from 1 atm. to 20 kbar. The starting material is a basalt (from Kuznetsk Ala 
Tau) with a composition similar to the average alkali basalt of the Japan Sea 
bottom. 

900 1000 1100 1200 1300 1400 1500 

T e m p e r a t u r e C 

Fig. 2. Dry and water-saturated liquidi of alkali basalt plotted onto P-T plane. 

The basalt used for experiments contains about 20 % phenocrysts of Cpx, 
01 and the cryptoperthite Fsp. A medium-grained groundmass consists of la­
bradorite, clinopyroKene, ilmenite and a small amount of feldspathic glass. 
Olivin is rimmed with clinopyroxene. Basalt was ground to r~ 10 microns in 
a mechanical motar. One part of this powder was dried at 1100 °C and another 
one melted at 1300 °C and f Oj = 10"'s atm. in a silicon-carbide quenching fur­
nace with the controlled Oa fugacity during 20—30 min. 

One-atmosphere runs were conducted in the same furnace at f02 correspon­
ding to the Ni-NiO buffer with different run durations. To find the liquidus 
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a "loop method' ' was used. The exper iments over the range 1 to 5 kbar have 
been carried out in gas vessels using the above mentioned buffer, but with 
nickel external and si lver-palladium in ternal capsules (Ag70Pd3o). 

The exper iments above 10 kbar have been conducted in a piston-cylinder 
appara tus using "piston out" procedure. The 1/2 and 3/4 inch assemblies con­
sistent of glass, talc, graphi te hea ter as well as in terna l cylinders and a tube 
from soft ceramics have been, therewith, used. The accuracy of the tempera-

1200 

1150 

Alkali basalt A-90 

1100-

1050 

1000 

8 10 12 14 
H20,wt.% 

Fig. 3. Isobaric sections 5 and 10 kbar for liquidi of alkali basalt plotted into the 

P-NT
Liq> 

H,0 plane. 

ture regulation and pressure estimates was within + 2 °C and ±0.2 kbar, respec­
tively. The exper iments were conducted in the si lver-palladium capsules 
(Ag7(|Pd:iii) with an inner diameter of 1.5 mm. Weighting of the basalt powder 
was made with a high precise balance (Mattler H51AR). Run durat ion varied 
within 1—16.5 hours. Any Fe-losses into the capsule walls dur ing the run 
were not detected by microprobe. 
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The method of appearance or disappearance of crystals was used to determine 
the l iquidus position in the isobaric sections of the basa l t-water^temperature-
-pressure diagram. This method t u r n e d out to be r a t h e r efficient for studying 
all the isobars wi th water content up to 5 wt. % as well as for t h e system under 
consideration. Several isobaric sections, i.e. 3, 5 and 10 kbar have been studied 
by this method. Two of t h e m are shown in this Fig. 3. At pressures above 
10 kbar Cpx is t h e l iquidus minera l whose crystallization presents some diffi­
culty if the water content exceeds 5 wt. % . Cpx does not crystall ine in t h e 
stability field below liquidi. Due to very sluggish crystallization of clinopyro-
xene from the melt it was difficult to determine position of the l iquidus by re-
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Fig. 4. Chemical zoning developed in the liquidus Cpx during the runs at 15 kbar 
in the system basalt — water. Arrows show the Cpx crystal growth path from cores 
towards margins at 1020 ° and 1170 °C. A-90 is a starting composition of Cpx over­

grown by new zones during the run. 
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Fig. 5. Correlation between compositional parameters of Cpx at liquidi of the system 
alkali basalt — water. The FeAl̂ SiO,-, content in Cpx increases with temperature. 

Diagram is based on the numerous microprobe data. 
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versible method. Thus, the l iquidi were est imated by dissolution of the clino-
pyroxene crystals with the grain zoning control (II e p q y K, 1983 b). 

Let us consider this procedure in detail. The basalt powder wi th weighted 
water content has been sealed in a capsule and heated under exper imental 
conditions over 10 kbar . P r imary olivine crystals disappeared, Cpx is over­
grown by new compositional zones. Approaching l iquidus the Cpx zoning re ­
duced and completely disappeared at the l iquidus, Cpx, therewith , being re -
sorbed. 2—3 Cpx relics in the glass were indicators of the l iquidus. 

1200-

1150-

1100-

1050 

1000-

0 2 A 6 8 10 12 U 16 18 20 22 2k 
H20,wt.7. 

Fig. 6. Phase relationships in the system alkali basalt — water at 15 kbar. Solid circles 
belong to the runs with products analysed by microprobe. Liquidus has been achieved 

from the low temperature side. 

Diagram of Fig. 4 gives evolution of the Cpx crystallization for the 15 kbar 
isobaric section in 2 runs at 1020° and 1170 °C. You can see that in the r u n 
at 1020 °C Cpx relics are included in Cpx grains of a new chemical composition. 
The alumina and iron contents, thereby, decrease at the first stage. Then, at 
the point of DÍ80-75 Hed20-25 depending on t empera tu re the a lumina content 
and, subsequently, ferrochermakite in Cpx increase. The higher the t empera ­
ture, the greater the FeAl2SiO ( ; content in the Cpx rims below liquidi. It is 
clear from the (A'l/Si)—N ^T d iagram at P = 15 kbar (see Fig. 5) where the 
Cpx composition is regularly changed showing the stabili ty l imit of the mi­
neral in the melt below liquidus. Thus, the method developed is efficient enough 

7 i A lka l i basa l t A-90 

P = 15kb 

o/5 L * O V 
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to be allied for determinat ion of the l iquidus surface in the system basalt — 
water in the P-T coordinates. 

Detailed study of the 15 k'bar section is presented in Fig. 6. Solid circles 
belong to the r u n products, i.e. glass and minerals analysed by microprobe. 
Hornblende as well as Cpx appear near the water - sa tura ted l iquidus. The molar 

82.5 percent of Mg in Hb varies from 23 to 28. At 1090 bC olivine with N 
appears along wi th Cpx. 

Mg 

1300 

= 1200 

: \ 

L-V 

C - L- V 

0 10 20 30 40 

Weigh t per cent H 2 0 

Fig. 7. Phase relationships in the system alkali basalt — water at 20 kbar. Liquidus 
has been achieved from the low temperature side. The 15 kbar liquidus (dashed line) 

is shown for comparison. 

Diagram in Fig. 7 shows a section of the system at 30 kbar. The li­
quidus curve at 20 Ikbar is compared with l iquidus at 15 kbar. Shift 
of the invar ian t points is seen to be negligible, only by .—- 1 wt. % H 2 0 . 
However, comparing the invar iant points at 15 and 10 kbar we can 
see great differences in water contents at the wate r - sa tu ra ted l iquidi: 10 and 
20 wt. %, respectively. We have additionally studied positions of the invariant 
points at 12.5 and 11 kbar. The water content a t pressure of 11 kba r tu rned 
out to be 19.8 wt. %, i.e. the water solubility in the water - sa tura ted melt 
increases sharply within the pressure range 10—11 kbar (Fig. 8). We consider 
this phenomenon i l lustrated by this diagrams as a result of the s t ruc tura l chan­
ge in the mel t at l iquidus, i. e. wi th t ransi t ion of orthosilicate clusters into 
the band (or schist) metasil icate ones. 
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The above change of water solutibility in the basalt melt can be seen in this 
P-T diagram (Fig. 9) where isopleths a r e shifted towards the high t e m p e r a t u r e 
field. This diagram being the main purpose of our s tudy shows a projection 
of the l iquidus surface of the alkali basalt onto t h e P-T plane. It can be used 
for est imating the water content in the basalt melt at given P-T conditions. 

Let us r e t u r n to t h e beginning of our lecture where we based the importance 
of s tudying the system basalt — water at high pressures. On the basis of t h e 
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Fig. 8. Liquidi of the system alkali basalt — water at 10 and 11 kbar plotted onto 
the P-N „ ^ plane. Positions of invariant points show large differences in solubility 

of water in the melt at liquidi. 

geophysical section constructed through the Aleutian island arcs and J a p a n 
we can est imate the water content in a melt in t h e part ia l melt ing zone of 
garnet lherzolites at 1200 °C and 20 kbar, 1100 °C and 16 kbar, respectively. 
Geotherms beneath these arcs are shown in Fig. 9. Using P-T conditions a t the 
astenosphere roof we may est imate t h e water contents in melts by intersection 
of geotherms with isopleths in this d iagram (Fig. 9). They seem to be r a t h e r 
high, approximately 9 wt. % . These est imates a re in good agreement with 
leucocratic composition of alkali basalts and andesite-basalts e r rupted in We­
stern J a p a n and Aleutian islands. As is k n o w n from Y o u d e r ' s results 
the eutectic point in the system anorthite-diopside shifts towards a n o r t h i t e 
with increasing water pressure result ing in t h e part ia l melt ing of t h e magmas 
poor in mafic components. 
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Fig. 9. Pro ject ion of the l iquidus surface onto the P-T p l a n e for the system alkal i 
basalt — water . A r r o w s show t h e w a t e r contents in basa l t m a g m a s generated in the 
upper m a n t l e b e n e a t h corresponding uni t s m a r k e d . Dry l iquidus after ľl c p li y K 

(1983 a). 
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