————

— ( { /7 Stability of amphibole and phlogopite in
N metasomatized peridotite under water-saturated and
water-undersaturated conditions

Proceedings of the
FOURTH INTERNATIONAL K. MeNGELT and D, T CREEN
KIMBERLITE

CO\]F} Deparrment of Geology, University of Tasmania, Hobart, Tasmania, Austraiia
I "RENCE | ‘Present address: Geochemisches [nstitut, Untversitdr Gotiingen, Goldschrudistr.
| ! D-3400 Gocringen, FRG.
Perth 1986 | :
ARSTRACT

. ] High oressure experiments were carried out on a model m tasomatized peridotite composition from
Klmberlltes And Rel d R the Northern Hessian Depression {NHDrperidotita} at wrater_—samrated (plus Oia}‘?fa water) and water-
ate OCkS undersaturated (plus 0.15% warter) conditons. This peridoute represents a suitable source for the
2lkali-basalts rom :his region. [t consists of 2 depleted (anhydrous peridotite xenoliths) and a
VOIUme 1 metasomatic component (magnesian pilogopite f;om merasomatized xenoliths). At both wa{er-;a{urated
cnd warer-undersaturated conditions. amphibole is stable up to 28 kb. Amphnibole and pnlogopite occur
in a (small) temperature interval above the solidus at water-saturated conditons up to 25 kb, At lower
T}IEIR COMPOSITION OCCURRENCE water contents. the solidus of NHD-peridotite is determined by the stability of amphibole which breaks
. J - ) down above 1150°C at 25 kb and above 1050°C at 28 kb. Phlogopite is stable above the solidus to tempera-
ORIGIN AND EMPLACEME NT ures of 1175°C a1 25 kb and to 1200°C at 30 kb. In the phlogopite-present as well as in the phlogopite-
| absent melting range, liquids coexist with ol, 0px, CDX, (sp), and gar at pressures above 25 Kb. The
composition of these iiquids could not be determined directiy.
EDITORIAL PANEL In an attempt 10 characterize the nature of these lLiquids, sandwich-experiments were carried out
0 which 2 basanite laver {glass plus 4% water) was embedded between two iayers of NHD-peridotte
sresaturated with water. The compositions of the meits formed in the basanite layersat 28 kb 1250°C and
a1 28 kb, 1195°C were evaiuated by mass balance [rom microprobe area scan analyses, the composition of
the residual phases and the composition of the pulk caarge. Liquids from both experiments are ciearly
sasanitic to aephelinitic in composition. At 28 kb 11937C, the Na/K ratio of the prererred liquid
composition s close 1o that of subsolidus amphiboles at water-undersarurated conditions and to that of ?
:he input basanite. The melt formea at 23 kKb, 1250°C has a Na/K ratio which is distinctly different from '
that of the input basanite. 1 is concluded that, for this mode! peridotite composition, the breakdown of
amphibole is the key process wnich leads 1o the formauon of basanitic melts like those from the Northern
Hessian Depression and that the contribution of phlogopite plays a subordinate role.
Kevwords: phlogopite, pargasite, peridoute soildus, mantle metasomatism, olivine nephelinite and
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ED PQ}}\ THE GLOLOGICAL SOCIETY OF AUSTRALIA TNC 7.1 INTRODUCTION brought to the surface by basaltic and kimberlitc
BY BLACKWELL SCIENTIFIC PUBLICATIONS magmas (e.g. Menzies & Murthy 19805 Sengel
o '“ Numerous geochemical models published over ot af 1984: Dawson 1980). Ampaibole and pniogo-
GSA SPECIAL PUBLICATION NO 14 ine past two decades suggest a melasomatlc bite are among the most important products of
* eanrichment of the source peridoutes for alkall merasomartic reactions. Large proporuons of e
basalts highly enriched in incompauble elements. incompatible trace element content of the bulk
Evidence for metasomatc alteration of depieted peridotite are concentrated n these minerals. It

reridotite also arises from peridotite enolths s therefore necessary to study the stabtlity ot
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these minerals in metasomatized peridotite com-
positions in order 1o examine their role in partial
mellng orocesses.

A number of previous experimental studies on
natural peridotites have dealt with either amphi-
bole stability (Kushiro 21 af [968; Green 1973,
1976; Millhollen er o/ 1974 v{ysen & Boetzcbef

lng) cr with phlogopite atabmw (Wendlandr &
Egﬁh—:r [980).

n this study, we have | Investigated the stabiliry
of amphibole and phlogopite in a natural meta-
somauzed penidotite composition under warer
saturated (peridotte plus 0.4% H,O) and under
water-undersaturated conditions {peridotite plus
0.15% H,0). All phases in the run prodaucts, with
the excepuon of glass, were anaivysed by electron

microprobe as long as they were large enough
(> du).

J

7.2 EXPERIMENTAL METHODS

Starting material

The peridotite investigated is a model compo-
siton derved from extensive chemical nvesti-
gations on depleted and metasomatized peridoute
enohiths (Mengel 1981; Of:‘:nm el al 1983:
rimann & Wedepoh! 1984; Wedenohl 1985 )
curring in alkali basaits from the Northern
essiann Depression volcanic area of north-west
Germany (NHD-peridotite), This COMposition
was ravoured by Wedepoh! (1985) as a source for
alkali-olivine basalts, basanires and rnephneiinires
from this region. \HD—DeLﬂotlte consists of a
dapiezad and & metasomatc component. The
d’eple =d component {Table H.l, coiumn A) equals
the average composition of 28 lherzolite and
narzburgite xenoliths from this ares and 5 very
close 'n (s maijor eiemem COMPOSITION [0 average
depleted peridotite from worldwide sampling
(Oehm er af 1983); its normative mineralogy is
?3?% olivine {ol), 18% orthopyroxene (oDpX), ;‘?‘”
clinopyroxene /cpx) and 1% r-spinel (sp). T

this peridoute, an equivalent of l % Dniogomze
(Table 7.1, column B) was added which ra epresents
the metasomatic component. The material inves.
l1gated in eXperiments represents a com position of
NHD-peridoute minus 60% olivine LTaD[ 7.1,
column C). Ol has been subrracted in order 1o
diminish the dominance of this mineraj and 10
facilttate the identfication and microprobe analv-
SIS Of Minor pnases. Sufficient quantties of olivine
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(> £3%) were still present in all exXperiments.
1The starting mix was prepared from analytica|
orade reagents. | In a first step, all CoOmMponents
except ferrous iron were carefully ground unﬂer
acetone and sintered at 100C°C. To this mater:

for
‘errous ron was added as FeSiO, and this *“lnal
mi1x was fired at 1000°C in an Ar- mmosm o

AN o

For runs at water-saturated conditions, 19
water was aaded by a micr osvringe 1o [ 4 112 Of the
Startng mix. 1 Aats eguals 0.4% H.O in the original
NHD-peridotite (no ol subtracred). During seal.
Ing of the capsule, its base was Kept at lemnera-
tures below 0°C. The capsule weight was checked
before and after sealing, and after the exper.
LMents.

FOT runs at water-undersarurazed conairions,
90-100 mg of the STATUNE MUK Was oresaturated
Wit 2% water :n large- -capacity Uns al 1> kb
925°C for 48 h in Ag-Pdys. This approach wasz
used 1o overcome unavoidable arrors in pipetting

an

very small amounts of water (< (.05 mg). Atter
(e run, the capsule was pilerced and dried out at
L107C. The run product was then ground under
acetone and dried ar 430°C. The amount of warer
remaiing n the large- -CAPAaCiIv-Tun products is
0.35-0.4 WID H,0O which is quivaier{t 1o 0.15%

-

TaBLE 7.l Chemicai COmposilicn of the starting material,

A 3 o D

S0, 434 10.52 1720 43,79
Ti0, 0.08 {06 .25 2.75
ALO, 2.0 17.92 3.60 12.19
Cr,0, 0,42 1,17 L.08 .06
rczOl 3.03
Fe 3.5 .42 5,69
MnO 0.13 0.03 0.07 n17
MegO 3.1 23.33 33.39 1 1.37
CaQ 1.8 .09 443 11,62
Na,QO 5,13 0.95 0035 3.3

K,0 0.03 9.28 .43 1.8%
NiO 0.30 0,21 0,30 0.04
P.O. .90
Mg-# 399 38,5 36.9 73.6

Notes: A Depletad peridotite : aver age or 2% spined peridone
xenotiths (NHD, Oehm 2t ol 1983).

5 Phlogopite rom metzsomarized lherzolite xeno-
liths from the same area (Mengei 19381},

C NHD-peridoute: (0.985 A plus 9.015 B) minus
50% olivine = ;04

D NHD-obasanite (Wedepoh! 1985,

* CUslculated modal mineraicgy of the starting mix for

water-undersaturated experiments (NHD-peridotte

minus 50% olivine olus 0.4% H, O): 30% oifvine; 35%

orinopyroxene: 3% ciinopyroxene: 9% &mpmmz}i::

3% pnlogoptte; 1.3% spinel.

D, 1 o . , . . . oy
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H,O in the original NHD-peridotite (nc of
suptracted). This water 1s exclusively fixed In
ampnibole and phlogopite structures. The run
product consists of a hne-grained assembliage of
0L, ODX. CPX, amph, pnlog, and sp. Microprobe
analyses of the constituent pnases were used In
3 least-squares program to calculate their pro-
Dorions. Crom this presaturated mafcrlal 10-
|2 mg were used (n experiments under various
P, T" condinons.

For use in sandwich-iype experiments, a mix
with the composiueon of NHD-basanite (Table
/.1, column D) was prepared in the same way as
described for NHD-peridotite. From this mix, a
glass witn 4% water was prepared :n a large
capacity tum at d> xb, 1200°C. The glass compo-
sitien was checked by mucroprooe and was found
10 be tgenucal to column D, [able 7.1 within the
analvtical uncertainnes.

7.2.2 Experimential procedure

All runs were carried out in 2 piston-cviinder
nigh-pressure apparatus. Nominal pressures were
maintained at = 0.2 kb, Temperatures were mea-
sured  with  Ptige/PteyRh; thermocouples and
automaticaily controlled w0 = 6°C., A 13 mm
diamerer jurnace assembly was used with NaCl or
NaCl-Pyrex giass sieeves and Boron airide
spacers, For iemperatures deiow 1173°C, “:-5Pd-,~_\
ﬂ._a"ﬂsules were used and AgypPdsy capsules [or runs
at hlgher temperatures.

iron loss which can be easily detected bv zoned
ol ang¢ pvrexenes and bv unreascnably high
100Mg/Mg— Fe numbers {Mg™ was not observed
N eXperiments ar sudsolidus condiuons. In above-
Solidus runs with larger amounts of melt present,

cat 28 kb, 1250°C, severe 1ron loss was observed
at a run duration of 48 h. At run umes of 28 and
i4 0, this etfect became much smailer relative 10
the 4% nrun, Atrun umes of lessthan [0 h, no de-
tectable tron loss occurred. 'Thus, run times of all
apove-solidus runs were confined 10 3 1 or less.

For experiments under water-saiurated con-
ditions inciuding the iarge-capacity runs, there 1s
evidence of small amounts of ferric iron 1n sp and
cox (and gar). The ferric iron content of the large-
capacity run products s 0.2% 2,04 (Table 7.2),
esumated on the pase of the proportions of phases
and the ferric iTon content (n ¢px, 2px and sp as
calculated from microprobe analyses.

For sandwicn-type experiments, a layer or

NHD-basanite glass was packed detween [wo

lavers ot NHD-peridoute presaturated with water.
1he proportions peridotite/basanite were equal 1o
36/14. All other experimental dertails were the
same as those for water-undersaturated exper-
iments. | he run time was confined to 1h to avoid
ron [oss. Homogeneity of phases throughourt the
caarge (L.e. within the basanite laver and within
:he NHD-peridoute lavers) suggests that equilib-
rium assemblages were obtained.

7.2.3 Phase idenuficarion, electron

microprobe analysis
E perimmtal charges were recovered as sets of
mall ciscs. A small part of each charge was
crushed and examined in refracuve index oil.
Above-solidus runs are detecred by the nresence of
giass and quench outgrowths on grain surfaces.
Runs at water-saturated condiuons exhibit ad-
dittonal gquenched vapour phase solutes which
consists mainty of uny amphioole ana of phlogo-
Dite plateiets.

Most experiments were analysed at the Univer-
sity of Tasmania with a ]EOL =lectron micro-
probe fitted with an energy dispersive svstern. A
simatier number of experiments was anaiysed »V'ith
a wavetength-dispersive ARL-SEMQ II micro-
orobe at the Geochemisches [nsutut of the
University of Gétungen (FQG} in order o ailow
comparison of analvtical results one bioute and
one clinopyroxene standard were analysed with
ooth instruments. The differences in concen-
rrattons of the major elements were within the
statistical unceriamnties of both instruments which
are = -3 9% {(relauve).

Quench phases are distinguished from primary
onases by their composition, €.g. quench amphi-
oole and pnlogopite have Signiﬁcamly lower Mg-#,
nigher e and Tt and lower Cr concentrauons.
Many subselidus runs were very ine-grained and
miCToprobe analvsis of clinooymxene, amphibole
and spinel was orten in 2rror because ol simui-
faneous exclanon of nearby crysials,

Structural formuliae of analysed phases were
calculated irom microprooe analyses on the basis
of a iixed number of cations per rormula unii. The
1SITIC ITON COMntent 0of CPX, OPX, 5P, and gar was cal-
culated trom charge balance assuming a fixed
numoer of oxvgen aroms per formula unit. rerric
ron contents of ampnibole and phiogopite were
not caicutated. Analyses of these pnases given in

Table 7.2, 7.3 and 7.4 are recaiculated waier-ire=.




TaBLE 7.2 i . ' ' ' doti '
ABLE 7.2 Compositien of phases in experiments on NHD-peridoute minus 0% olivine. Me-2

-

e AL oAb E Wille L S0, W FTEZT

100 Mg/Mg+Fe' "

Water-saturated conditions; 25 kb

T °
975°C 1000°C

| ampn phlog COX gar imph onlog CTX Tar

Fsrl‘oz 45.26 36.21 51.57 1174 46.20 12,13 52,13 " ;U
0. 0.82 1.06 0.4 D.46 0.96 |28 916 .98

AlLO, 14,14 19.2] 451 21.15 12.02 16.20 3 94 e
Cr.0 105 [ 47 0.43 137 178 33 11 R
Eeo 372 421 3.46 3.16 1,73 375 g5 S
VigO 19.81 24.99 17.19 19.60 20.73 25.37 17.16 1508
a0 +1.35 0.28 21.35 . 11.28 3.08 2054 f?qg
Ni2,0 [ %6 3.53 0.45 — 714 0.62 0.3 -
K,0 148 9.04 _ _ |46 9.22 - _
M- 904 91 .4 39.9 21.0 20.7 97.3 31.7 2] 3
;i"{_g-:; 955 853 93,3 32 5
Water-undersaturated conditions : 25 kb

: 1 150°0) 1175°0 1200°0)

amph onlog CDX gar ohlo »

| : : ‘ g 0 IDX r c
i, 4471 41,68 51.67 42.25 42‘15 5127 -'Eafni "
riO; 1.21 1.52 0.33 0.54 ) 23 0.36 057 3@':“
ALO, 15.06 16.97 4.75 20.87 1643 333 9.93 s
Cr,0, .72 108 0.97 2,53 0.78 3.93 a7 “2
FeO 3.88 3.75 2,75 5.51 3.8 250 581 319
MO 18.95 24.87 17.41 19.88 15.99 17,90 2119 317
Ef 1149 3.23 21,43 7.32 9.00 211 539 18 36

(2,0 1.7 0.34 0.46 _ 0.2% 0,50 | 63
K,0 {29 9.3, _ _ 3,83 _ o
Ea 393 92.1 91.3 R4.5 53 4 915 34.7 512
Mo-2 95.5 4.9 97 3 34.9
7.3 EXPERIMENTAL RESULTS

The phase assemblages of exXperimental runs on
NHD- pendome are summarized in Figs. 7.1 A

and B ror water-saturated and water-undersaiu-
rated conditions, respectively.

7.3.1

Water-saturated conditions

The solidus was easily determined by the presence
ot quenched liquid and by textural changes in the
run products, t.€. larger grain size of ol, opx. cpx
(and gar). The solidus of \IHD-peridmiteL Tinus
60% ol agrees closely with the water-saturated
solidr of pyrolite minus 40% ol (Green 1973,
1976), St Paul’s peridotite (Mithollen er 4/ lei)
and a spinel therzolite from Hawaii (Kushiro er a/
1968). At 28 kb, amphibole becomes unstable

petween 00 and 930°C. The high pressure
Siabiiity limit of amﬂhib e in NHD- peridotiie

Fig. 7.1A) 1s similar 10 that suggested bv Milhol-
1er1 et al (19f ) tor St Paul’s peridotite and
intersects the soudus at 2-4 kb lower pressure
than the amphibole-breakdown curve for DYTOlite
(Green 1973). The sharp back-bending of the
stabiiity limit of amphibole in water-saturated
peridouite at DIESSUIES as low as 20-24 kb (Mysen
& Boerttcher 1973; Olatssen & Eggler 1983) is not
supporteda ov these resulss.

Amphibole and phlogopite are stable above the
solidus at [5-25 kb and phiogopite was observed
above the solidus at 30 kb, 1035°C. These phases
COeXisT with ol, 0DX, CPX, sp, (gar), and a uqud.

A LW B

Similar observations were T‘lad& by Green (1973)
and Milthollen ez af (1974). Their studies suggest

that ampnibole coexists with a li{] 1d in a smail

temperature nterval of 30°C above the solidus at
pressures = 28 kb,

Staotlily of ampriooie and prLogoplie Iy

T 1

Me-3 - 100 Mg/Mg+Fe™

TaBLE 7.3 Composition of phases i experiments on NHD-pendoute minus 60%

olivine, water-undersaturated conditions

Rb

I 1030°C 1100°C

amph onlog CPX oar ohiog CPX gar
510, 1593 +1.90 32.42 41.67 41.97 32.26 41.58
Ti0; 0.96 117 (.37 .64 131 .31 0.46
Al O 12,73 16.38 3.98 20.31 10.10 1,37 20.30
(1205 .24 L4l 1.69 251 L.73 1.25 3.24
FeO 3.93 3.6 3.24 7.07 3.73 2.79 7.22
MeO 19,95 25414 16.96 19.31 23.09 17.35 20.37
Cal 11.07 0.03 20.99 7.40 .00 20.19 5.3+
Na-O 2,47 0.49 0.96 — .3 0.77 —
:(;O 57 9.20 -— e 248 -— .
Mg® 50.0 2.4 90.3 32.3 94.3 71.9 33.4
o 95,4 26.3 35.3 7.7

28 &b

1 1175°C 1200°C 1230°C

oniog CDX gar CpX gar CDX gar
St 41.39 31.47 41.17 1.3 $1.568 51.18 42.05
1:04 1,12 0.2 0.33 0.272 J.23 0.28 .33
Al 0, 15,4 3.4 21.74 5.863 20.74 5.0% 21.51
Cr,0; .08 1.96 P51 113 3.18 .04 1.26
Fe 443 244 732 3.87 5.03 3.77 5.28
MgO 25.78 17.95 20.07 12,13 20.60 13.00 21.23
a0 0.38 19.83 ;.04 18,23 5.39 [8.95 5.63
Na,o 0.00 0.63 - 0.3 e 0.69 —
K0 3.09 — - —m — s —
Mg 51.1 50.3 33.0 39.3 34.7 39.5 23.8
o7 95.9 29.3 $2.7 §9.0 34 .4 55.0

7.3.2 Water-undersarurared conditions

The solidus for NHD-peridoute minus 60% ol
olus 0.4 wi% water c¢oincides wilp the curve
marking the disappearance of ampinibole (Fig.
7. 1B), Within the experimental drackets, ampni-
oole does not appear above the solidus. Phlogo-
Dite, however, persists abour 3070 above the
solidus at 20 kb and more than 130°C above the
solidus at 30 kb. The hack-bmding of the amphi-
voie stabllity boundary between 25 and 23 kb leads
1o a wide field at higher pressures and T > 1000°C
where small amounts or liguid coexist with
residual ol, opx, cpx, phlogopite, sp, and gar. The
amount of liquid present increases apove phlogo-
Dite preakdown and would increase more rapidly
as the anhvdrous solidus 1s exceeded, The shapes
o1 the solidus and the ampnibole breakdown curve

in NHD-peridotite at water-undersaturated con-
ditions resemble those in pyrolite — 0.2% H,0
(Green 1973).

The linear shape of the high temperature
staptlity of phlogopite in NHID-peridoute 1s
strmilar to that suggested by Wendlandt and Eggler
(1980) for a narural peridouie containing (0%
additional phlogopite. However, in the range of
13-30 kb, their ‘phlogopiie-out’ reacuon curve
lies at 30-30°C lower :emperatures relanve 1o
NHD-peridotite. Quench palogopite occurs at
25 kb, 1200°C and at 28 kb, 1250°C as relatively
large pilatelets which cannot de distinguisned
from primary phlogopite at lower temperatures ov
opucal inspecton. A clear disuncuon s possible
only bv means of microprobe anaiyses. Compari-
son of the composition of guench and primary
ohiogopites reveals much higher Si, Ti, and ke
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TasLe 7.4 Composituon of phases in 28 &b, 1195°C and tn 28 kb, 1230°C experiments <D ; | . kD
- J. HoU-saturated LA HoU-undersaturated + opnlogopite L 15
28 kb; 1195°C ~ : e ¢ amphibole
;T ! - e
CDX T ] 2 : J J
"I\ B —"13 B ‘ J'L B . ;F:"'_:;;;" | !- ) f;a
J :
. — — — o r T — ~ —t “'::-'x e L
SL.OZ 51.83 5>1.39 41.6% 42 .08 42.08 17 g . CIPW 30 I, S/ - - 30
1O, 222 .25 0.28 0.773 T ) | ij T T3 RN bq-’? / |
i[:g; J.?J 0.34 20.74 [9.48 16.48 1605 137 IuD . | 3 ST . | |
;ré 3 E‘é L. 42 3.1¥ 3.07 1 N8 Y R ]:m “E}? | H‘nh '3
-\({EDO ]J,Si’ 3.1 A.63 H5.65 4 4R 3 75 7 g H JE I H*‘ ,
MaC 1815 18.33 20.60 20.96 2578 24 93 " e 9.7 25 - s 3 3 - 25
0. 18.23 18.13 6.89 7.03 0.38 3.00 o di 337 | i ,=
Eaéu 0.85 0.87 __ _ 290 ot 2 ol 22.8 P ] ;
K — —_ — 5 0 s =) 39 i S -
— .09 L0 23 1.8 ! " | 3. - | !
1 I|I | ——
Mg-= %9.3 91,1 R4.7 f | 90 - |
: . 4 1 . — : = | !
S 84.9 1.1 3.7 70 20 - Hﬂ_‘:{_f | i _ 20
FeO {Kp) 7.5 - | o
28 kby 1250°C - f L |
I . i
“pX 24r 50 et | ! ' !
3 B A B \ q 15 - SR S S | - 15
_ , | i i'
Si0, 31.18 31,49 42.05 41 73 . CIPW | A a S |
g t - — A7 - -
110, 0.43 0.28 0.33 .55 3 4 00 .2 o 2.9 ) |
ALO, 5.09 9 7% 21 61 20 74 1500 2.2 3b - 300 350 1000 1050 ¢C 1050 1100 1150 1200 1250 °C
-' 3 . LI R I - .II.G O:-. 1 P 13
Cr, 0, 1.04 0.77 . 2 a2 an 13.6
N LS - 1.36 3.08 21.79 3% %
= v =5 ' 1. 2230 — e 17 o, - . o S 1 . - . ; s L .
rel 2.4 3.44 6.28 5.58 19.68 403 - < e t1g. 7.1  Experimental dererminauon of the solidus and the stabtlity of amphibole and phiogoptte in NHD-penidotite minus
; - * ' L ' foy : o , ] ! -* ) 'R ' ' = . .
é’ig@ ES.DET 17.8 21.23 20.95 1773 19.1§ 1 ?E .,EE 50% ol at water-saturated (A) and water-understaturated {B) conditons. PPhases coexisung with phlogopite {and
aQ) 1%8.95 18.42 5.63 5.93 — o 11: . f;’ ampnibole) are ol, 00X, CDX, 5D, (and gar).
Na,O .69 0.70 . . Sl % 3.1
K,O — . . o — 200 A 42
T — — 2.3
Mg-& 39 3 < = _ - . R L . ..
ig-% 39.3 0.6 85.3 25.3 51.6 70.9 25 large melt fracuon (Green 1976) and it s ceothermometry., [ he composition of clinopyr-
F20 (Kp) 7.5 important that these experniments used 10% water oxene changes across the phlogopiie breakdown

Notes: A, non-sandwich-experiment:

Takahashi & Kushiro (1983,

and njm::h lower Mg and Cr contents in the
quench pnlogopites.

in NHD-peridotite, garnet becomes a stable
phase at pressures of 20 kb at 950°C, above 24 kh
at | 130°C and above 25 kb at 1175°C. The amount

of spinel present decreases greatly with the
appearance oi garnet.

7.4 COMPOSITION OF PHASES

Microprobe analyses of ophases in some key
experimental runs are given in Tables 7.2A and
?.EB. Al warter-saturated conditions, all pnases
inctuding amohibole, phlogopite and ciinopyrox-
ene are quite sumilar in composition below and
above the solidus ar 25 kb and no systematic

changes are observed in their Na/K ranos.

Comparable experiments on oyrolite plus 6%

B, sandwich-experiment.

- -

FeO(Kpy) @ caiculated according to the Mg-Fe oi-liqg Ky of

water (Green 1976) also gave a rather constant
Na/K ratio of amphiboles below and above the
solidus at 15 kb, At both water-saturated and
wg*&er-undersamrategi conditions, the Na/K ratio
Ot ampnibole ranges between 1.5 and 2.2, [t is
different {rom the Na/K rato of the staring
composiuion (1.2) and the presence of coexisting
phlogopite demonstrates effective potassium
saturation of the pargasitic amphibole, i.e. Na/K
ratlos may be regarded as minimum values for
pargasite at these P,T conditions.

Unlike In experiments on opyrolite (Green
19732, no marked increase in the [00Mg/
Mg-+Fe7 (Mg”) or olivine, orthopyroxene and
clinopyroxene are observed for NHD-peridotite
when the solidus is crossed under water-saturated
conditzons. The increase in Mg-# of residual
phases 1n water-saturated pyrolite experiments at
15 kb was explained by the oresence of relatively

in the charges. Because there is no such signifi-
cant increase in Mg-# ot the crystailline phases
(Fig. 7.2A), the melt tracuons present 1n NHD-
peridoute at 25 kb ar water-saturated conditions
must be very smaeall. This is consistent with the
much smaller amount of water {1%) added to the
charge. Thus, we believe that the degree ot parual
meiting in the 23> kb, 1000°C expertment is in the
order oI a few percent,

in Fig. 7.2B, the Mgo-F vs temperature relations
n NHD-peridotite are summarized for warer-
undersaturated conditons at 23 and 28 kb, An
increase n Mg-# for crystalline phases s observed
at 23 and I¥ kb when ihe solidus :s crossed and
further increase 1o .Wg-F 1n ollvine and oriaopyr-
oxene s observed at higher temperatures. Garner
and clinopvroxene show more complex changes
which are not fully understood and mayv retlect in
part the inclusion of Fe-ricn quench oulgrowins
on clinopyroxene in rthe analyses. Coexisung
garne! and citnopyroxene show the widest separ-
ation in Mg-+ emphasizing their greater utility {or

!

curve with decreases 1n Mg-# and Ca/Al and
increases in Na and Cr contents, [ hese changes
may reflect changes in liguid composttions (1 'able
7.4} and/or the problem of quench rims noted
above,

7.5 SANDWICH EXPERIMENTS

[n order 1o characterize the nature of the liquids
in the phlogopite-present melting interval and in
the phlogopiie-absent melung region, peridouie-
oasaniie sandwich experiments were carried out at
28 kb, 1195°C and at 28 b, 1230°C. During the
experiments, ine basanite layer stayed in s
nosilion derween the wo peridoure lavers. [t
consists of giass and variabie put large amounts of
guench-clinopyroxene (pius rare quencn-aparite-
and -ohiogopite}. The liguud composition could
not be analysed directly by microprobe.

Even though there was no g prior: informauon
apoul the composituon of the liquids, two import-
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anl observarions were made which indicate that
tnese sandwich experiments were successrul, i.e.
that the compositions of the mels produced are
close to the equilibrium partial melts of NHD.
peridotite at 28 kb in pniogopite-present and
pnlogopite-absent conditions: (i) in both sandwich
experiments, the residuai phase assemolages wer

the same as in non-sandwich experiments at the
same pressure and practically the same lempera-
tures. With the exception of spinel and of the Cp
and 1 concentrations in some other pnases, there
are no significant differences in the COmMpOSIIon
of the residual phases between the sandwich and
tne non-sandwich experiments (Table 7.4); (i1
small amounts of quenched liquid also oceur
within the peridotite layers. Microprobe analyses
with a defocused beam gave uo to 0.3 wt% P,0O.
tor such glass — quench patches. Because ao P,0q
nad been added ic the starung material of the
peridotite layers, this is taken as evidence for a
sutficient mixing between the embedded basanite
melt and the melt formed within the peridotie
layers. This observation along with the good
conformity of residual phases in the sandwich and
the non-sandwich experiments indjcates that the

Plot of temperature versus 100 Mg/Mg—+Fe*™ for phases analysed in NHD-peridotite ar war
25 kb (A) and at water-undersarurated conditions, 25 and 28 kb (B).
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melts formed in both sandwich SXDEriments are
ciose 10 equilibrium melt compositicns.
In order 1o determine the COMpPOsSiLIon
basanite layer smail areas (5 X S 10 50 1)
Wwere analysed with 4 scanning eleciron beam 3o
that different amounts of glass and quench-
products were inciuded. These scan analyses were
plotted in a Mg-# versus oxides diagram over a
:arge range of Mg-% (72-33) (ig. 7.3A and B). Na
was excluded from these plots because of vapOT-
lzaton problems. Within the data sets from doth
sandwich experiments, all major eiement nxides
are correlated with the Mg-#, with the 2XCeption
of Cr,05 and of TiO, in the 28 kp, 1193°C run.
From Mg-# - oxide regression iines, a ser of
nypothetcal liquid compositions were calculared
or Mg-5 72-80. These data were then used
togetner with the composition of the residual
pnases and that of the bulk charge in least-squares
calculauons to evaluate the proportions of residual
pnases and liquid. For both sandwich eXDer-
iments, we used Si0., TiO,, ALO,, Fe, MgO,
Ca0, and, In addition, K,O for the 28 kb, 11957C
sandwich experiment. For each experiment, only
one out or all hypothencal liquid compositions

X
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Stabiliry of amphnivole and phiogopire

(Mg-#72-30) gave a satisfaciory solution which
gave positive proporuons for all residual phases.
all other hypotheucal liquid compositions gave
negauve results for at least one of the residual
munerals. The liquid composition selected for the
23 kb, 1195°C is that with a Mg-# of 77 and for the
28 %b, 1250°C sandwich experiment, the equilib-
rum liquid composition is that at Meg-#F 78,
Calculated degrees of melting are 31% and 37%
of the capsule contents, respectiveiy, The COmpo-
su0ns of these melts are given in Table 7.4 along
with  therr CIPW-norms. The Nz2,0 concen-
rattons were calculated from the relative Dro-
poruons of meit and residual cpx and the Na,O
contents of the bulk charge and of ¢px.

The liquids formed in both sandwich exper-

i

L

1
.,
()

iments are clearly basaniuc, transitional 1o nephe-

linitic In the absence or normative albite and in
the very high normative diopside contents. [n
comparison with the spectrum of mantle-derived
tiquids for tne Northern Hessian Depression
given pv Wedeponl (1983) the analvsed lgquids
from the experiments are close to the nepheline-
rich basanite composition (Table 7.1). However,

NI0 Mg Mg oL R

101 of malor 2lement oxides

they have higher normative olivine, lower norma-
uve nepheline (- albite) and ilmenijte conients.
Some differences in normarive mineralogy retlect
the unknown Fe,0, content of the analysed
iquids but other differences (higher Si0, nigher
MgO, lower Na,0) are tentatively ariributed to 1
railure ro exactly match P,T conditions and source
composition [or the natural NHD nepheline bas-
anites. [t is possible that slightly higher DIessures
(30-35 kb) may have produced a better ‘match’
between experimental and natural magmas. | he
prodlem of quench crystallization and resuiting
analyucal scarter (Fig. 7.3A, B) sugeests that
comparisons should not be pushed to0 closely, e.g.
the increase tn concentration of all of the incom-
pauble elements Na,0, K,0 and TiO, from
11957C 10 1250°C 1s uniikely, particularly as P,0x
content decreases.

However, we consider that our data demon-
strate that liquids at 28 kb 1195°C w0 1250°C in
squilibrium with olivine, orthopvroxene, clino-
pyroxene and garnet (= spinel, = phlogopite) are
olivine- and nepheline-rich basanites transitional
o0 oltvine nephnelinites. These liquids require the

2.4

19.0

75 10 13 79 40 35

versus Mg-# of microprobe area scan analyses of the basanire laver 1n sandwich-
experiments at 28 ko, 1230°C (&) and 2t 28 &b 1195°C (B).
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presence of small amounts of water but do not
require CO, (COY) in the source peridotite. Our
daia also demonstrate the surprising result that
Lquids of this highly undersaturated characier
developed 1n equilibrium with residual phlogopite
nave lower K,O contents and higher Na/K ratuos
than the liquqs tormed immediately above
phiogopite breakdown (Table 7.4). Basanitic
lguids 1in which Na/K = |, appear likely 1o
indicate temperatures of magma ecenesis marked
by phioﬂomte instability. Referring to the analvti-
cal data set for the Northern Hessian Depression
basalts {Wedepoh! 1983), it is probable that all
oasanites to olivine melilite nephelinites with
K,O0 = 1.5% and MgO = 10% were formed leav-
ing residual phlogopite.

7.6 CONCLUSION

T'he majonity of peridotite xenoliths in continental
aikali-basalts consist of depleted spinel lherzolites
and narzburgites which are free of amphibole and
phiogopute, indicating that the subcontinental

lithospere s largelv anhvdrous. The solidus of

depieted, anhydrous peridotite is not intersected
by any reasonable steady-state geotherm (< {350
mW/m"). The introduction of small 2mounts ot a
metasomatic fhuid which s rich in water, K , Al
and 11 leads 10 a decrease of :the sollaus
temperature and 0 the formation of subsolidus
ampnibole and phlogopite. The solidus (*amphi-
oole dehvdrarion solidus’) of such metasomatized
peridotite has a characteristic shape (Green 1973,
fig. 2). Subsequent diapirism and melting of this
enriched mante at P~ 25-30 kb leads 1o the
formation of basanitc melts over a large tempera-
ture range. The K/Narauo and the K content of 3
melt whnicih s saturated with phlogopite (e.g. at
28 kb, 1195°C) are lower than expecred and are
stmilar 1o K/Na ratos of undifferenriated basan-
ites 1o nephelinites from the Northern Hessian
Depression. Extracton of such liquids leads o a
phiogopite bearing residuum with increased K/Ca
and probably increased Rb/Sr ratios. Small and
slightlv varving amounis of phiogopite n a
demered peridoute can produce significant small
scale and large scale ' Sr/®Sr heter rogeneiiies i a
tew tens of million years and might be responsiole

X7
for the range of *'Sr/**Sr initial ratios observed in
regions with multistage volcanic ACLIVITY.
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