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Study of Amphibolitic Rocks in The Ophiolitic Melanges of Nain
and Ashin-Zavar

G. Torabi, N. Shirdashtzada, I. Noorbehesht and T. Pirnia

Department of Geology, University ofIsfahan

Abstract
The amphibolites and amphibolitic dikes are among the metamorphic rocks found in Nain and Ashin-Zavar

ophiolitic melanges. These rocks are produced by the regional metamorphism of basic rocks existing in these ophiolites
including pillow lavas, basalts and diabasic dikes. Field studies in thesctwo areas show that the foliated amphibolites
and amphibolitic dikes are in contact with mantle peridotites, so these rocks seem to be a part of tbe Nain opbiolitic
melange, and not exotic blocks carried by tectonic processes. In addition, a pertographic similarity is observed in
amphibolites and amphibolitic dikes of Nain and Asbin-Zavar. The common minerals in these rocks are amphibole,
plagioclase, quartz, sphene, cblorite, calcite, prehnite and magnetite. The only difference is the presence of garnet and
clinopyroxene, in the amphibolites and amphibolitic dikes. The chemical analyses indicate rock forming-minerals in
both areas are extremely similar in composition. According to the geothermobarometry the temperature and pressure
gained for the Ashin-Zavar amphibolites and amphibolitic dikes are about 676Co and 2.9 to 6.8 Kbars. In addition, the
temperature for the Nain amphibolitic dikes is about noco while the pressure range is between 6.4 to 6.8 Kbars.
Application of ICP-MS and NAA methods for whole rock analyses demonstrate a tholeiitic composition for the studied
rocks.which could be formed in a mid-oceanridge setting.

Keywords: Ophiolite, Ashin-Zavar, Nain, Amphibolite, Amphibolitic dike, Geothermobarometry, Whole rock
geochemistry.
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Sample I Mineraltype NiO I Total

Prehnite Prehnite 0.016 I 0.005 I 95.25353

Amphibole Tsehermakitie I 42.466 I 12.016 I 0.767 I 0.000 I 17.347I 10.146 I 0.843 I 11.334 I 1.283 I 1.511 I 0.025 I 100.67454 Hornblende

plagioclase Albite I 68.232 I 19.619 I 0.000 I 0.000 I 0.240 I 0.291 I 0.014 I 0.107 I 11.997 I 0.168 I 0.006 I 98.99555

Amphibole Tsehermakitic I 41.683 I 12.798 I 1.332 I 0.036 I 15.748 I 10.242 I 0.246 I 1\.356 I 1.602 I 0.632 I 0.000 I 95.675
515 Hornblende

Gamet Almandine I 37.877 I 21.48 I 0.191 I 0.026 I 24.321 I 2.952 I 3.284 I 10.4 I 0.033 I 0.000 I 0.000 I 100.564517

plagioclase Andesine I 61.880 I 11.613 I 0.002 I 0.000 I 0.173 I 0.004 I 0.031 I 15.392 I 9.579 I 0.062 I 0.000 I 98.736518
Amphibole I Tschermakite I 42.124 I 12.714I 1.318 I 0.049 I 17.623 I 9.909 I 0.263 I 11.453 I 1.829 I 0.661 I 0.000 I 97.943

519

Pyroxene Diopside I 49.709 I 3.807 I 0.383 I 0.0\5 I 10.954 I 1\.173 I 0.346 I 22.063 I 0.65 I 0.006 I 0.028 I 99.\34
520

Amphibole Tscbermakitie I 42.324 I 11.564 I 1.210 I 0.013 I 16.848I 10.073I 0.342 I 11.619I 1.662 I 0.577 I 0.000 I 96.232521 Hornblende

Prehnite Prehnite I 42.946 I 23.764 I 0.025 I 0.000 I 0.254 I 0.008 I 0.039 I 26.284 I 0.119 I 0.000 I 0.015 I 93.454522

plagioclase I Albite 1 67.860
I 19.375 I 0.000 I 0.059 I 0.033 I 0.000 I 0.010 I 0.039 I 11.957 I 0.026 I 0.007 I 99.366523

A hiboliticDikes:

Amphibole Tschermakitic 41.174 I 12.150 I 1.085 I 0.056 I 16.683 I 9.340 I 0.128 I 11.027 I 1.909 I 0.406 I 0.000 I 93.958524 Hornblende

Prehnite Prehnlte I 42.85 I 21.07 I 0.000 I 0.000 I 4.080 I 0.000 I 0.000 I 26.510 I 0.060 I 0.010 I 0.000 I 94.580525

Amphibole Tschermakitic I 43.242 I 12.505 I 1.112 I 0.041 I 17.502 I 9.990 I 0.194 I 11.675 I 1.863 I 0.355 I 0.000 I 98.479526 Hornblende

Pyroxene Diopside I 50.699 I 2.560 I 0.274 I 0.000 I 10.573 I 11.760 I 0.274 I 22.710 I 0.754 I 0.046 I 0,0]5 I 99.665527

Gamet Almandine I 38.717 I 21.875 I 0.092 I 0.011 I 23.689 I 3.058 I 1.152 I 12.127 I 0.094 I 0.000 I 0.000 I 100.815528

Amphibo Ie Tschermakitic I 42.628 I 12.757 I 1.038 I 0.071 I 17.386 I 9.692 I 0.303 I 11.706I 1.748 I 0.305 I 0.000 I 97.634
529 Hornblende

Amphibole Tschermakitie I 42.381 I 12.474 I 1.161 I 0.043 I 16.661 I 10.037 I 0.167 I 11.290 I 2.018 I 0.297 I 0.000 I 96.529
530 Hornblende

Pyroxene Diopslde I 48.772 I 2.129 I 0.126 I 0.044 I 10.141 I 11.530 I 0.243 I 23.046 I 0.522 I 0.004 I 0.013 I 96.570531

Gamet Almandine 0.000 I 0.000 I 100.506532

.~ JJ~ J.) .)$1';"" .su. .}lS' .)l.::>l J",,} ~L:- JJ~ -'\' JJ~
Sample I Oxygen I SI I AI I Ti I Cr I Fe'. I Fe" I Mg I Mn I Ca I Na I K I Ni Total

~Prehnite 22 I 6.078 I 3.991 I 0.015 I 0.000 I 0.020 I 0.000 I 0.001 I 0.002 I 3.883 I 0.007 I 0.003 I 0.000 I 14.001---1L-
Amphibole 23 I 6.118 I 2.040 I 0.083 I 0.000 I 0.000 I 2.091 I 2.179 I 0.103 I 1.750 I 0.358 I 0.278 I 0.000 I 15.000
~
plagioclase I 8 I 2.951 I 1.000 I 0.000 I 0.000 I 0.000 I 0.008 I 0.019 I 0.001 I 0.005 I 1.006 I 0.009 I 0.000 I 4.99955-

Amphibole 23 I 6.305 I 2.061 I 0.152 I 0.004 I 1.612 I 0.380 I 2.310 I 0.032 I 1.841 I 0.470 I 0.122 I 0.000 I 15.289
2.l.L-
Gamet I 12 I 2.969 I 9.031 I 0.011 I 0.002 I 1.540 I 0.055 I 0.345 I 0.218 I 0.873 I 0.005 I 0.000 I 0.000 I 15.049517

plagioclase I 8 I 2.907 I 0.642 I 0.000 I 0.000 I 0.006 I 0.000 I 0.001 I 0.000 I 0.774 I 0.872 I 0.004 I 0.000 I 5.208518

Amphibole I 23 I 6.272 I 2.061 I 0.148 I 0.006 I 1.737 I 0.457 I 2.199 I 0.033 I 1.827 I 0.528 I 0.126 I 0.000
~
Pyroxene I 6 I 1.884 I 0.170 I 0.011 I 0.000 I 0.260 I 0.087 I 0.631 I 0.011 I 0.896 I 0.048 I 0.000 I 0.001 I 3.999
~

Amphibole I 23 I 6.405 I 2.061 I 0.138 I 0.002 I 1.756 I 0.376 I 2.273 I 0.044 I 1.884 I 0.488 I 0.111 I 0.000 I 15.538
~

Prehnlte I 22 I 6.039 I 3.939 I 0.003 I 0.000 I 0.030 I 0.000 I 0.002 I 0.005 I 3.961 I 0.032 I 0.000 I 0.000
~

Plagioclase I 8 I 2.988 I 1.004I
0.000 I 0.000 I 0.001 I 0.000 I 0.000 I 0.000 I 0.001 I 1.021 I 0.001 I 0.000 I 5.019523

Amphibc litic Dikes:

Amphibole I 23 I 6.386 I 2.061 I 0.127 I 0.007 I 1.890 I 0.274 I 2.159 I 0.016 I 1.832 I 0.574 I 0.080 I 0.000
524

Pl'ehnite I 22 I 6.089 I 3.528 I 0.000 I 0.000 I 0.000 I 0.485 I 0.000 I 0.000 I 4.036 I 0.018 I 0.002 I 0.000
lli-

Amphibole I 23 I 6.385 I 2.061 I 0.123 I 0.005 I 1.793 I 0.368 I 2.199 I 0.024 I 1.847 I 0.534 I 0.067 I 0.000
~
Pyroxene 6 I 1.906 I 0.113 I 0.008 I 0.000 I 0.216 I 0.116 I 0.659 I 0.009 I 0.915 I 0.055 I 0.002 I 0.000 I 3.999
...12::!-
Gamet I 12 I 3.005 I 8.995 I 0.005 I 0.001 I 1.538 I 0.000 I 0.354 I 0.076 I 1.008 I 0.014 I 0.000 I 0.000528

Amphibole I 23' I 6.347 I 2.061 I 0.116 I 0.008 I 1.757 I 0.408 I 2.151 I 0.038 I 1.867 I 0.505 I 0.058 I 0.000
~
Amphibole I 23 I 6.373 I 2.061 I 0.131 I 0.005 I 1.770 I 0.325 I 2.250 I 0.022 I 1.819 I 0.588 I 0.057 I 0.000530

Pyroxene I 6 I 1.894 I 0.097 I 0.004 I 0.001 I 0.184 I 0.146 I 0.667 I 0.008 I 0.959 I 0.039 I 0.000 I 0.000
~
Garnet I 12 I 2.99 I 9.01 I 0.005 I 0.001 I 1.535 I 0.01 I 0.266 I 0.196 I 0.997 I 0.004 I 0.000 I 0.000532

15.394

15.406

14.157

15.406

14.996

15.316

15.401

3.999

15.014
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...

Sample
Garnet Gamet Garnet

517 528 532
Almandine 51.65% 51.88% 51.20%
Andradite 2.70% 0.00% 0.49%
Grossular 26.52% 33.72% 32.70%

Pyrope ] 1.57% 11.84% 8.87%

Spessartine 7.3]% 2.53% 6.54%
Uvarodite 0.08% 0.03% 0.07%

Sample
Pyroxene Pyroxene Pyroxene

520 527 531
Wollastonite 46.40% 46.51% 47.97%

Enstatite 32.70% 33.51% 33.39%

Ferrosilite 18.43% 17.18% ]6.67%
Aemite 2.47% 2.79% 1.97%

Sample
plagioclase plagioclase plagioclase

55 518 523
Albite 98.6% 52.8% 99.7%

Anorthite 0.5% 46.9% 0.2%
Orthoclase 0.9% 0.2% 0.]%

Sample Mineral TVDe SiO, Ti02 AI,03 Cr,03 FeO MnO I MoO CaO Na,o K,O I NiO Total

Amphibolite:

Amphibole Magnesio- 44.267 0.851 13.290 0.080 13.810 0.276 11.900 ]0.902 1.764 0.639 0.020 97.771
371-1 Hornblende

plagioclase Oligoclase 60.880 0.010 23.550 0.000 0.026 0.000 0.000 4.936 8.483 0.088 0.000 97.972
371-2

Amphibole Magnesio- 45.695 0.655 10.550 0.048 14.160 0.311 12.100 11.109 1.497 0.499 0.023 96.680
371-3 Hornblende

Amphibole Magnesio- 44.899 0.684 10.750 0.053 14.930 0.317 12.400 10.962 1.500 0.853 0.012 97.364
371-4 Hornblende

plagioclase
Oligoclase 61.265 0.018 24.320 0.000 0.034 0.009 0.000 5.633 8.104 0.107 0.000 99.489

371-5
Ilmenite

lImenite 0.040 50.310 0.240 0.030 43.630 4.160 0.040 0.000 0.000 0.000 0.000 98.460
371-6

Amohibolitic Dikes:
AmphiboIe Magnesio- 47.48] 1.026 8.586 0.008 15.639 0.240 13.149 ]0.840 1.057 0.237 0.000 98.263

397-1 Hornblende

AmphiboIe Magnesia- 48.313 0.826 7.682 0.047 15.429 0.295 13.503 10.809 1.044 0.233 0.026 98.206
397-2 Hornblende

plagioclase Andesine 60.307 0.008 24.591 0.000 0.057 0.000 0.000 6.247 7.748 0.087 0.000 99.067
397-3

Amphibole Magnesio- 48.593 0.916 7.562 0.000 15.310 0.340 13.714 10.697 0.898 0.220 0.000 98.249
397-4 Hornblende

Amphibole Magnesio- 48.086 0.981 8.056 0.020 15.226 0.234 13.470 10.817 0.919 0.259 0.021 98.089
397-5 Hornblende

Sample Oxygen Si Al Ti Cr T Fe-- I Fe" Mg Mn Ca Na I K T Ni Total

AHmhibolite:

Amphibole 23 6.384 2.257 0.092 0.009 0.864 0.802 2.558 0.034 1.685 0.493 0.JI8 0.000 15.296
371-1

plagioclase 8 2.739 1.266 0.000 0.000 0.001 0.000 0.000 0.000 0.241 0.750 0.005 5.003 2.739
371-2

Amphibole 23 6.690 1.819 0.072 0.006 1.086 0.648 2.641 0.039 1.743 0.425 0.093 0.000 15.262
371-3

Amphibole 23 6.532 1.842 0.075 0.006 0.878 0.939 2.689 0.039 1.709 0.423 0.158 0.000 15.290
371-4

plagioclase 8 2.729 1.276 0.000 0.000 0.001 0.000 0.000 0.000 0.269 0.700 0.006 4.982 2.729
371-5

Ilmenite 3 0.001 0.007 0.977 0.00] 0.942 0.000 0.002 0.091 0.000 0.000 0.000 0.000 2.019
371-6

AmpbiboliticDikes:
Amphibo Ie 23 6.764 1.441 0.110 0.001 0.697 1.166 2.792 0.029 1.655 0.292 0.043 0.000 14.990

397-1

Amphibo Ie 23 6.879 1.288 0.088 0.005 0.694 1.143 2.866 0.036 1.649 0.288 0.042 0.000 14.978
397-2

plagioclase 8 2.704 1.298 0.000 0.000 0.002 0.000 0.000 0.000 0.300 0.673 0.005 4.983 2.704
397-3

Amphibole 23 7.601 1.392 0.108 0.000 2.003 0.000 0.079 1.817 1.793 0.272 0.044 0.000 15.109
397-4

Amphibole 23 6.844 1.350 0.105 0.002 0.662 1.150 2.858 0.028 1.650 0.254 0.047 0.000 14.950
397-5

Sample
Plagioclase Plagioclase Plagioclase

371-2 371-5 397-3
Albite 75.3 71.8 68.8

Anorthite 24.2 27.6 30.7
Orthoclase 0.5 0.6 0.5
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'..L.Z4VIAjI ~ J~1 JY') .J::'Si (,$~I ::.\.woS

~I.J...:$~ .wI) I.J(,$; J~ Jl9 ~l::.; ?Y';YJ.)-ll

w.h:.. ~I (,$\Aj'YSY..JJ\;J \AJ~1 °.J4.J::'~.)-ll

~ .bJ-';J'" (,$w.~ (,$I.r.? Y'; .)-ll .J..:.4~ J::.L.,.,

o.:lLL \ J-:l9 ~yl.J L.; ~ " . ", o.JL->-.J

lSU.~.J::' .;}"s ::.~ J <L:~ Y 4 .[12]J..:.4~

w ...L.Zdo4: 1[18] .y.J.J jl ~ J ~\,; ~~1

:J..:.4~ u.JJ'"P .)-l\~ 01 J.:5IJ

edenite+ 4 quartz = tremolite + albite

,- L.; , 0:-: (,$w. .JL:...J (,$I.r. (,$? Y' ; Y J .)-ll ~ l::.;

.,1;1 oJ..:, o::'.JJI " J ,- (,$\AJJ~.J.:I J ~l>... .J4N

1.S?.JJ4",. )jj ~l::.; .
,I~\)::. ~~ 0-:.\ (,$?J.J~Y';YJ.J~ ~

~ w.~ ~\ jI ~.;-i" (,$1.r..JWO::'J~

')~ f,.::.li. ...,...LI.r. v-:;-" .C'\ J A (,$\AJJ~)::'~if

J ,- (,$w.JJ~.J::' ::'Y:-Y' (,$?Y';YJ ~l::.; ..r.J.r. ~

tJw ~I.::..".;.~ ~ ~w::. o::'J~ J ~by;"

H-

~L.; ~.r-S.AI <L:~ Ti; S.JY.cJ.J'!.lt ;,

01)--::-<u J 01Yif j)::. ~ ~ .::..;-:?~ )} .JW

~ J J ,~ ~\.J t..::.4 )::. ~ (,$\AJ~1 .J::'Ti

::'~J ~ ~y ~ .[I5]::.):: ,...~~.;; ~I.J.JW

,.uk:... .)-ll~ ~1 (,$\A.s:: .J::'jJlSY..JJ\;J J~1

?.J-" ;YJ;-;' J J~I.J::' ::.~ Y' Al ?J.J~YJ jl

.JL:-9 J W::' ~I~ ~ LSI.;--!jJlS~JJ\;-J~1

.J..:. 0::.lA: 1 0 J..:. 0.t .J ::.

J~1 J~ ~~ ",.AI jl o~lA:...14 1.S?.JJ4jj.

w.J~I.J::' ::.~ Y' Altotal...,...L...I.;--!?J.J~ .)-ll

.J::'::.~ Y' AI ).Lio U ..L.j~ [I I] J [10] ..,L;.4~

~t5' y9 ~ ::.)..G J.:--: .JL:-9 ~ .b.i9 \AJ~1

::.~ Y' Al ).Lio o...l:.:S~ Joly jI ~ ~ 0.J.:.-51

.J::'L.; ..L.:.:5~ ::.R j)::. ~ "-:.J..:.4if J~1 .J::'

U ::..".;. 0::.lA: 1 ~\A J~1 jI ~ \AJ~1 (,$?J.J4

-/"IDjI ~ Fe3+/(Fe2++Fe3j~ J Fe#:::O.65 (,$1)::.

(,$1)::. ;-;. .w \.h. .)-l \ .J::' rf".J.r. ::'.JY' (,$\A ;~ oS .x...;. 4

.[33].x...;.4~ \AJ.J.:.J .)-ll

(,$I.;--!'.y.J.J 0-:.1jI d.L 1~ o.Lo1..: ~ .JL:-9

::'J...L>-.J::"~ ~~I dS-~ ~~1 (,$\A~b

.uk:... ~\ (,$u...: :J~1 ::'.JY')::. J .J4.# i/'\ L;'1'\

.J::'~L".. .J::'...: 1~ .J~N AI- L.; 'f/"l .J::---!

(,$w.~b (,$\y-',)L:...J ul~ ~\,; ~ ~I dS-~

w...: :J~1 .J::' J .J4.# VIA L; DIY ::'J-A>- .J::'~ ~1

.J..:.4if AI- L;DI'(~.;;

.JL:...J~~ .J~ oS ::..".;.~ o.u.L:..o'-:-:i; .)-l\ ~

~ ~1 (,$w.~b J \A~ ~llSl.r. ,0J..ol G ~

::'.J..J-" .J::' J ) ,;N VI-, J f IA'( ~; ~ ~L;

<L: ~ ~~I ~~1 (,$u.~b J \A~~1
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"'\ ...~~I).) .)~t" ~~I <.SlIb~b9lIb~~1 .wlb

.~ y~ 4~1 ~~1 ~lA..s::1~J lib4~1 ~~ ~tl ~~ -V JJ~

.~ y~ 4~1 ~~1 ~lA..s::1~J lA4~1 ~~ ~tl ~~ -V JJ~ 4.A1~1

.~ y~ 4~1 ~~1 ~lA..s::1~J lA4~1 ~~ ~l.il ~~ -V JJ~ ...I~I

.~ 4~1 ~~1 J;.f-" ~lA..s::1~J 4~1 ;~ J~I;~ ~J>:~r.*"Jl ~.?J;4jj i.J"'L.1f.;~ f.~lA..:AJJ~

Sample Rock woe SiO,% TiO,% Al,O,% Fe,O,'% MnO"/o M"O"/o CaO"/o Na,O"/o K,O"/o LOI% Cr Nt

185 Amohlbolite 41.07 1.68 13.76 14.44 0.22 8.27 16.57 1.82 0.31 1.86 285 <90

225 Amohlbolite 45.14 2.07 13.64 /3.70 0.26 8.99 11.42 2.83 1.08 0.87 184 <80

226 Amohlbolite 40.51 1.52 12.74 1/.52 0.18 9.45 20.23 1.01 0.17 2.67 226 <75

F-269-1 Amohlbollte 48.62 1.78 13.77 13.06 0.24 6.76 10.80 2.59 0.84 1.20 141 65

372 Amohlbolif£ 55.20 1.12 13.87 10.19 0.21 4.64 8.49 3.73 1.20 1.34 455 255

374 Amohibolite 54.94 1.43 13.99 10.62 0.21 4.66 7.99 3.83 1.08 1.25 378 200
376 Amohibolite 44.08 0.98 13.61 12.67 0.22 10.46 /3.96 1.91 0.61 1.49 570 315

Eo1 Eoldoslte 33.92 1.80 16.37 12.25 0.22 2.47 27.42 0.11 0.04 5.40 125 <70

Eo2 Eoldoslte 35.89 1.50 15.61 11.94 0.23 2.57 25.65 0.34 0.30 5.97 129 <70

216 Amohlbolitle Dike 46.95 2.39 15.14 12.68 0.14 4.03 10.54 2.40 2.43 3.31 280 87

230 Amohlbolitie Dike 53.00 1.07 14.63 12.58 0.19 3.68 8.12 4.64 1.00 1.10 140 70

239 Amohlbolitle Dike 49.43 0.48 15.93 8.68 0.15 7.56 12.56 2.55 0.28 2.37 163 70

F-239-1 Amohibolitle Dike 47.60 0.60 15.26 9.27 0.15 7.88 14.23 1.87 0.14 2.76 129 71

251 Amohibolitie Dike 51.36 0.82 15.99 8.61 0.15 7.16 9.40 3.84 0.76 1.91 85 70

397 Amohlbolitle Dike 55.41 0.85 15.93 9.28 0.17 4.19 7.54 4.07 1.10 1.46 379 178

Samole Co Sc V Zn Mo As Rb Ba Sr Go To Hf Zr
185 54 53.86 427 <40 <0.70 <0.36 <15 <150 <120 10 <0.30 2.1 <130

225 49 51.16 444 90 <0.60 <0.50 <15 <100 </10 <15 <0.30 3.1 <130

226 39 43.14 364 55 <0.80 <1 <10 <90 <100 22 <0.30 2.25 <110

F-269-1 49 0 404 /17 0.56 0 14.1 41./ 102 19 0.19 3.2 117

372 41 42.45 262 /12 8.56 <0.70 </7 <150 <170 <16 <0.30 2.45 <170

374 41 43.89 287 54 5.35 <0.70 <16 <150 <160 <8 0.46 2.04 61

376 54 53 387 107 7.32 <0.60 <20 <140 <180 <10 <0.30 1.1 <180

Eo1 30 33.33 222 71 2.43 3.24 <12 <80 964 24 0.72 2.18 <100

Eo2 33 38.65 202 0 2.36 4.86 <17 <100 1100 32 0.71 2.37 0

216 39 39.89 299 105 3.84 <1 52 <100 <100 17 0.88 3.95 <110

230 32 35.2 394 81 5.81 <0.80 <12 <100 <100 <10 <0.25 2.04 </IO

239 32 38.04 248 72 2.4 <0.80 <10 <90 488 <15 <0.30 1.16 <100

F-239-1 39 0 270 67.2 0 0 1.81 23.3 388 13.9 0.04 1.09 31.1

251 31 35.68 283 74 <0.80 <1.50 <10 <90 323 <20 <0.26 1.36 <100

397 35 40 279 53 9.04 <0.70 <17 <150 421 <8 <0.27 1./3 <160

Sample Th U La Ce Sm Eu Gd 10 Dy 80 Tm Yb Lu

185 <0.60 <0.30 3.09 9.60 3.33 1.30 4.82 0.90 5.74 1.43 0.56 4.11 0.61
225 <0.30 1.10 288 8.46 3.21 1.34 5.26 0.93 6.37 1.43 0.69 4.57 0.70

226 <0.20 <0.40 2.74 8.88 3.40 1.43 4.88 0.92 6.51 1.33 0.54 3.32 0.49

F-269-1 0.18 0.44 3.59 I/. 60 4.44 1.60 5.72 1.05 7.09 1.53 0.65 4.46 0.69

372 <0.30 <0.40 4.67 10.56 3.00 0.93 3.75 0.75 4.52 <0.90 0.41 2.50 0.41

374 <0.30 <0.40 5./3 12.58 3.23 1.13 4.62 0.83 5.49 1.08 0.45 2.93 0.43

376 <0.40 <0.37 233 6.33 2.16 0.50 3./1 0.65 4.16 0.94 0.43 2.98 0.48

Epl 0.85 <0.20 11.34 16.16 3./7 1.21 3.83 0.85 4.95 1.07 0.52 2.86 0.40

Eo2 0.86 0.80 11.68 20.69 4.35 1.52 5.85 1.15 5.31 1.15 0.53 2.73 0.46

216 0.67 <0.40 9.04 20.67 4.50 1.74 6.25 1.10 6.33 1.35 0.67 4.30 0.59

230 <0.35 <0.35 4.52 8.54 2.05 0.82 3.17 0.54 3.80 0.78 0.38 2.68 0.38

239 <0.20 <0.30 0.90 2.80 1.28 0.52 2.07 0.35 2.44 <0.52 0.28 1.71 0.25

F-239-1 0.00 0.00 0.93 3.23 1.62 0.65 2.28 0.44 3.02 0.66 0.30 207 0.33

251 <0.20 <0.40 0.85 2.72 1.15 0.56 2.08 0.38 2.66 <0.56 0.27 1.95 0.29

397 <0.33 <0.44 1.38 3.70 1.59 0.69 2.39 0.44 3.26 0.62 0.31 1.83 0.32

Amphibolite Amphibolitic Dike
Mineral Magnesia- Magnesia- Magnesia-

Average
Magnesia- Magnesia- Magnesia- Magnesia-

AverageType Hornblende Hornblende Hornblende Hornblende Hornblende Hornblende Hornblende
Samo/e Poinl 371-1 371-3 371-4 p(Kbars) 397-1 397-2 397-4 397-5

P(Kbars)

Hollisler el 01.
1987 8.0 5.5 5.6 6.36 3.4 2.5 2.4 2.9 2.80

(Kbors
Schmidl

1992 7.7 5.6 5.8 6.36 3.9 3.1 3.0 3.4 3.35
(Khars)

Hammarslrom
& Zen

7.4 5.2 5.3 5.96 3.3 2.6 2.4 2.9 2.80
1986

(Kbors)
Johnson &
Rutherford 6.1 4.2 4.3 4.86 26 2.0 1.9 2.3 2.20

1989
(Kbars)

Mean of all above 5.88 Meanof all above 2.78
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~~ ~ ~ ~)~ ~I ,dj W:;y.;,~; ,(.S!ljU)J.9
H'I

.~\j y'j... ~~\ ~~I iSlA~b J ~~I J~ J~I J~ ~~.J'" ,.*"yl is'?JJ4YJ "",L..If. JLZj .I.~LQ..-0. JJ..I.::"

Pressure I
(Kbars)

.~li y'j... ~~I iSlA~~I J~ J4# \ - t \ ~ JLZj J~ [18] ..fJJ "",L..If. l.~)~ -\. JJ..I.::"
10
(Kbars)

Sample
519-518

(Amphibolite)
54-55

(Amphibolite)

814.7

673.8

793.6

647.1

.~ y'j...~~I ~~I iSlA~I~ J IA~~I J~ J4# \ - t \ ~ JLZjJ~ [18] ..fJJ "",L..If. l.~)~ -\ \ JJ..I.::"

)L:# fin Jl.: 9 J:; :;I~L..., <L-:::-J:; fVA/'f

~)s :;y-:-J ,~\.::.; 0-:.\f. cJ;h .(\r J \ \ JJ..l:::-)~1

j\..?l.:- 'j:!.G ~~llSU~b J L.".~~I J:;

)Jj-~ ~ ~ ~ 0-:.1J:; j~4 JL:..;~\~

.:;)1:;cY.Lh;lS?J)-~yj j\ J->l>- ~~ 4 .s ~4($"

H j:!.\.;~ lSL.".-.:...J~1J:; :;y-:-y lSL.".j%~jy\;

~ ~I W J:,j ~ ..?J:,\)Jj-~ ~ ~

j\ w j:!.\.;lSL.".~~T ~ lSL.:; 0:;y' j~4 4:;;,

...v.:;($"~L:..; ~\~ c..\.oT~~ lS? jyj J.!.):>

LSU.~~ J:; JL:..; J L.:; y!.:;\.i. 0\~ N P J:;
...

J:;.r'" ~~T lSW.~b lSw.~~T ~

~ j J ~ \.::.;0-:.\ iJ"Uf. .J:,\ c~ ~ \.i. ~ 4 -.:...J~I

j%.r,.jy\; ~~ w ~~T jI :;~($" c.1A~ .:..1

j\ J->l>- lSG:; ).Li. \lJ ,~\ c~ ~T ,M cJ~

M-D'f C)'4---'"j% .r,.jy\; - J~T .:.~ lS? y j yj

Lb;. J ~l.: JJ\; >.\ LSI):;D\~-D\A ~~ ~ ~

-~4($"

lSU-::...J ~T :;J.J-..AJ~ lS? JJl.:y j y j 0-:.1~ \.::.;

\j fDf/\ ~ lSL.:;01~ p~ ~\.; ~~\ ~~

V/DVL; v/_. lSJL:..;C:;J..b...oJ:; :;\~L... ~J:; v~~/r

'-Y~ lSL.".~~T lSlf. J (n' J \ .JJ..l:::-) J4#

fAY/AL.;ffr/~ ~ lSl..:;d~ p~ ~ ~~I

Jl.:#V/A. \j D/Ar lS)L:..;c:;J..b...o):; :;\~L... ~J:;

:;J..L>- J:; ~j ~ ~~T lSu~b :;JY J:; J

Amnhibolite Amvhibolitic dikes

Mineral T..cher-makitic Tscher-
Tscher-

Tscher-makitic Tscher-makitic T..cher-makitic T..cher-makitic Tsclrer-mukitic

Type Hornblende mukite
makitic

Hornblende Average Hornblende Hornblende Hornblende Hornblende Average
Hornblende P(Kbars) P(Kbar..)

Sample Point 515 519 521 54 524 526 529 519

Hollister et al.
1987 8.0 7.7 6.8 7.1 7.4 7.7 7.4 7.8 7.6 7.62

(Kbars)
Schmidt

1992 7.8 7.5 6.8 7.0 7.3 7.5 7.3 7.6 7.4 7.45

(Kbars)
Hommarstrom

& Zen 7.5 7.2 6.4 6.7 6.9 7.1 7.0 7.3 7.1 7.15
1986

(Kbars)
Johnson &

Rutherford 1989 6.1 5.9 5.1 5.4 5.6 5.9 5.7 6.0 5.8 5.85

(Kbars)
Mean a all above 6.82 Mean of all above 7.01

Pressure
I 2 3 4 5 6 6.5 7 7.5 8 9 10

(Kbar..) (Kbars) (Kbars) (Kbars) (Kbars) (Kbar..) (Kbars) (Kbars) (Kbars) (Kbars) (Kbars) (Kbars)

Sample Temperature 0C

37/-1&371-2 637.6 641.5 645.4 649.2 653.1 656.9 658.9 660.8 661.7 664.7 668.5 672.4
(Amohibolite)
371-4&371-5 691.0 685.3 679.6 673.9 668.3 661.6 659.7 656.9 654.1 651.2 645.5 639.8
(Amnhibolite'
397-2&397-3 701.1 699.1 696.2 693.2 690.2 687.3 685.8 684.3 682.8 681.3 678.4 675.4

(Amphibolitic Dike)
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\11 ...~~I);) ;)~'" ~~1 ,-,"lA,~.b9 lA,~~1 ~lb

-"" &- -
""lA4~1 )..:-.1ci.J i~1 ",,?'Y');'j "':(18] ..,...L...If. 0~1 J o,)JJI":-'-4IJ JL.:JJI~ (31]..,...L...If. I~I-\Y JJ~

.(~l; 4~1 ..

J 4~1 )..:-.1ciJ i~1 ",,?'Y');'j "':(18] ..,...\I f. 0~1 J o,)JJI":-'-4IJ JL.:JJI~ (31] ..,...L...If. I~I-'f JJ~

.(~ 4~1 oJI}f. ~~I ""lA~b

~LS ~,) ? y;.J,) J ";':'1.;-91~-wl LREE Y'""~

~\5 iJJ...:,rS ~ J rl.J iJl J=b iJly if os:...:: ,1ci~

c,)J..L>..o lS 4; .<..:: jI,) c.5"".Jy; ,).Jy> ~ .J,) j 'jS y":j'~

J->..~ J-J,) "-; ..Gly~ :,:; ~\>. ),)~ Y'""~ ~IJI}

j-U~T J->..~ lSL".c~J.;~.? P ),) ~ .J...:,~~ ~.?,)

lSU.~I,) J u...:..;J~T os:a iJ\Yif ,~.f.?,) J

"-; lS~L:j ~~ )Jj - ~ ,f:) ~I i:)'" ,f:) ~I

.(\" J.-~)J.;)~ NMORB

y...;Ylo~~T lSU.~b J u.-: J~T ~y

J Ta/Yb-ThNb lSW('I}L:.,)),) )Jj- ~ ~HI
~ ~ u~ u-:.IW .1J;)i..>""iJL:;Ta/Yb-CeNb

u-:.-) ~T ~ .~ .(\1 \(' .)~LJ . ..7 . Yv if- .~

il}~,)),) )Jj- ~ ~~I y,Ylo~~T lSL".~b

C,)J..G...oJ ,NMORB~ A c,)J..b...o.J,),Th-Hf/3-Ta ~
~ yyl u~ J->-b lSU.~ y ) EMORB~ B

,))j--")~H Th/Yb-Ta/Yb('I.?~,).(\ 'f ~)~.;$ if )}

- ~ ~~Iy...;Ylo ~~T lSL".~bJ L"...:..:J~T

~ ~ ~..r" L".~ 0:1 -..))1~ os:..lA,)1fiJL:..; )Jj

.(\ 'f~)G.,...I c,)y. C~ ~ ~.f

,~yS.?~ lSU.c)L>-) )~~.J~ L".~ ~\ ~Y

J u.-: J~T ~yS.?~ C)L>-.J w ~Y,if 0..lAL:...

J ,-: J~T ')Jj- ~ ..:..;J~\ ,f:)~T lSL".~b

O)L-» 15..y.:;llSu~ ,~~ W~I ~)j--"J,)

.(11,~)J...:,~if ..:..;Jyl.? C)~.J J.IJI \:;..:..:J~T

I<~ . '...r ~.J'J

~ y> 'JlSJT rly; ),) SiOz ('I.?L:~ "-; ~ y ~

~ ,f:)~1 y,'J..,f:)~T lSL".~b J L"...:..;J~\

Jl5JT ,-;-,L C~J..b...oJ,) cJ::SI..G;- .b:- iJy>l.;::; .J~ )b-

~ iJ..G ~I ~ ~I J)~ '~~if Jl5JT J

~)J...:,~if ~~.?~ ~~ ~ J ~~.?,) jI ~ -..)JI

.(\\

) u.W ~T REE iJ.L.7,y;J~ j lSuil.?L:~ ),)

y;1y;),) )Jj - ~ ,f:)~I y,'j...,f:)~T lSL".~b

j--:I d~ -WJ.J ,NMORB .;-:Iy; .J,) y...;, J ..::..:.)J.:.S

c~ \~J..L>- u."::":'.J...l:S ~ ~ J c~y. ~I ~.;; f"'~

.J~ .(H ~)..l.:.A~~ iJL: ;,)~ jI JJ...:, t? .f.\f.

)..Lk os:~~ ~ c...tAL.: ,c.L.7,y;J~T15L"..G~ c.?-f.

Coaple of
Amvhibole-Plaeiociase P (kbar) r('c)

519-518

(Amphibolite)
7.5 799

54-55
(Amphibolite)

7.0 656

Couple of P T
Amphibole

(kbar) ('C)Plaeioclase
371-1&371-2

7.7 663
(Amphibolite)
371-4&371-5

5.8 687
(Amphibolite)
397-2&397-3

3.1 678
(Amphlbolltic Dike)

Archive of SID

www.SID.ir



"'\ ...~~I).) .)~t" ~~I <.SlIb~b9lIb~~1 .wlb

.~ y~ 4~1 ~~1 ~lA..s::1~J lib4~1 ~~ ~tl ~~ -V JJ~

.~ y~ 4~1 ~~1 ~lA..s::1~J lA4~1 ~~ ~tl ~~ -V JJ~ 4.A1~1

.~ y~ 4~1 ~~1 ~lA..s::1~J lA4~1 ~~ ~l.il ~~ -V JJ~ ...I~I

.~ 4~1 ~~1 J;.f-" ~lA..s::1~J 4~1 ;~ J~I;~ ~J>:~r.*"Jl ~.?J;4jj i.J"'L.1f.;~ f.~lA..:AJJ~

Sample Rock woe SiO,% TiO,% Al,O,% Fe,O,'% MnO"/o M"O"/o CaO"/o Na,O"/o K,O"/o LOI% Cr Nt

185 Amohlbolite 41.07 1.68 13.76 14.44 0.22 8.27 16.57 1.82 0.31 1.86 285 <90

225 Amohlbolite 45.14 2.07 13.64 /3.70 0.26 8.99 11.42 2.83 1.08 0.87 184 <80

226 Amohlbolite 40.51 1.52 12.74 1/.52 0.18 9.45 20.23 1.01 0.17 2.67 226 <75

F-269-1 Amohlbollte 48.62 1.78 13.77 13.06 0.24 6.76 10.80 2.59 0.84 1.20 141 65

372 Amohlbolif£ 55.20 1.12 13.87 10.19 0.21 4.64 8.49 3.73 1.20 1.34 455 255

374 Amohibolite 54.94 1.43 13.99 10.62 0.21 4.66 7.99 3.83 1.08 1.25 378 200
376 Amohibolite 44.08 0.98 13.61 12.67 0.22 10.46 /3.96 1.91 0.61 1.49 570 315

Eo1 Eoldoslte 33.92 1.80 16.37 12.25 0.22 2.47 27.42 0.11 0.04 5.40 125 <70

Eo2 Eoldoslte 35.89 1.50 15.61 11.94 0.23 2.57 25.65 0.34 0.30 5.97 129 <70

216 Amohlbolitle Dike 46.95 2.39 15.14 12.68 0.14 4.03 10.54 2.40 2.43 3.31 280 87

230 Amohlbolitie Dike 53.00 1.07 14.63 12.58 0.19 3.68 8.12 4.64 1.00 1.10 140 70

239 Amohlbolitle Dike 49.43 0.48 15.93 8.68 0.15 7.56 12.56 2.55 0.28 2.37 163 70

F-239-1 Amohibolitle Dike 47.60 0.60 15.26 9.27 0.15 7.88 14.23 1.87 0.14 2.76 129 71

251 Amohibolitie Dike 51.36 0.82 15.99 8.61 0.15 7.16 9.40 3.84 0.76 1.91 85 70

397 Amohlbolitle Dike 55.41 0.85 15.93 9.28 0.17 4.19 7.54 4.07 1.10 1.46 379 178

Samole Co Sc V Zn Mo As Rb Ba Sr Go To Hf Zr
185 54 53.86 427 <40 <0.70 <0.36 <15 <150 <120 10 <0.30 2.1 <130

225 49 51.16 444 90 <0.60 <0.50 <15 <100 </10 <15 <0.30 3.1 <130

226 39 43.14 364 55 <0.80 <1 <10 <90 <100 22 <0.30 2.25 <110

F-269-1 49 0 404 /17 0.56 0 14.1 41./ 102 19 0.19 3.2 117

372 41 42.45 262 /12 8.56 <0.70 </7 <150 <170 <16 <0.30 2.45 <170

374 41 43.89 287 54 5.35 <0.70 <16 <150 <160 <8 0.46 2.04 61

376 54 53 387 107 7.32 <0.60 <20 <140 <180 <10 <0.30 1.1 <180

Eo1 30 33.33 222 71 2.43 3.24 <12 <80 964 24 0.72 2.18 <100

Eo2 33 38.65 202 0 2.36 4.86 <17 <100 1100 32 0.71 2.37 0

216 39 39.89 299 105 3.84 <1 52 <100 <100 17 0.88 3.95 <110

230 32 35.2 394 81 5.81 <0.80 <12 <100 <100 <10 <0.25 2.04 </IO

239 32 38.04 248 72 2.4 <0.80 <10 <90 488 <15 <0.30 1.16 <100

F-239-1 39 0 270 67.2 0 0 1.81 23.3 388 13.9 0.04 1.09 31.1

251 31 35.68 283 74 <0.80 <1.50 <10 <90 323 <20 <0.26 1.36 <100

397 35 40 279 53 9.04 <0.70 <17 <150 421 <8 <0.27 1./3 <160

Sample Th U La Ce Sm Eu Gd 10 Dy 80 Tm Yb Lu

185 <0.60 <0.30 3.09 9.60 3.33 1.30 4.82 0.90 5.74 1.43 0.56 4.11 0.61
225 <0.30 1.10 288 8.46 3.21 1.34 5.26 0.93 6.37 1.43 0.69 4.57 0.70

226 <0.20 <0.40 2.74 8.88 3.40 1.43 4.88 0.92 6.51 1.33 0.54 3.32 0.49

F-269-1 0.18 0.44 3.59 I/. 60 4.44 1.60 5.72 1.05 7.09 1.53 0.65 4.46 0.69

372 <0.30 <0.40 4.67 10.56 3.00 0.93 3.75 0.75 4.52 <0.90 0.41 2.50 0.41

374 <0.30 <0.40 5./3 12.58 3.23 1.13 4.62 0.83 5.49 1.08 0.45 2.93 0.43

376 <0.40 <0.37 233 6.33 2.16 0.50 3./1 0.65 4.16 0.94 0.43 2.98 0.48

Epl 0.85 <0.20 11.34 16.16 3./7 1.21 3.83 0.85 4.95 1.07 0.52 2.86 0.40

Eo2 0.86 0.80 11.68 20.69 4.35 1.52 5.85 1.15 5.31 1.15 0.53 2.73 0.46

216 0.67 <0.40 9.04 20.67 4.50 1.74 6.25 1.10 6.33 1.35 0.67 4.30 0.59

230 <0.35 <0.35 4.52 8.54 2.05 0.82 3.17 0.54 3.80 0.78 0.38 2.68 0.38

239 <0.20 <0.30 0.90 2.80 1.28 0.52 2.07 0.35 2.44 <0.52 0.28 1.71 0.25

F-239-1 0.00 0.00 0.93 3.23 1.62 0.65 2.28 0.44 3.02 0.66 0.30 207 0.33

251 <0.20 <0.40 0.85 2.72 1.15 0.56 2.08 0.38 2.66 <0.56 0.27 1.95 0.29

397 <0.33 <0.44 1.38 3.70 1.59 0.69 2.39 0.44 3.26 0.62 0.31 1.83 0.32

Amphibolite Amphibolitic Dike
Mineral Magnesia- Magnesia- Magnesia-

Average
Magnesia- Magnesia- Magnesia- Magnesia-

AverageType Hornblende Hornblende Hornblende Hornblende Hornblende Hornblende Hornblende
Samo/e Poinl 371-1 371-3 371-4 p(Kbars) 397-1 397-2 397-4 397-5

P(Kbars)

Hollisler el 01.
1987 8.0 5.5 5.6 6.36 3.4 2.5 2.4 2.9 2.80

(Kbors
Schmidl

1992 7.7 5.6 5.8 6.36 3.9 3.1 3.0 3.4 3.35
(Khars)

Hammarslrom
& Zen

7.4 5.2 5.3 5.96 3.3 2.6 2.4 2.9 2.80
1986

(Kbors)
Johnson &
Rutherford 6.1 4.2 4.3 4.86 26 2.0 1.9 2.3 2.20

1989
(Kbars)

Mean of all above 5.88 Meanof all above 2.78
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~~ ~ ~ ~)~ ~I ,dj W:;y.;,~; ,(.S!ljU)J.9
H'I

.~\j y'j... ~~\ ~~I iSlA~b J ~~I J~ J~I J~ ~~.J'" ,.*"yl is'?JJ4YJ "",L..If. JLZj .I.~LQ..-0. JJ..I.::"

Pressure I
(Kbars)

.~li y'j... ~~I iSlA~~I J~ J4# \ - t \ ~ JLZj J~ [18] ..fJJ "",L..If. l.~)~ -\. JJ..I.::"
10
(Kbars)

Sample
519-518

(Amphibolite)
54-55

(Amphibolite)

814.7

673.8

793.6

647.1

.~ y'j...~~I ~~I iSlA~I~ J IA~~I J~ J4# \ - t \ ~ JLZjJ~ [18] ..fJJ "",L..If. l.~)~ -\ \ JJ..I.::"

)L:# fin Jl.: 9 J:; :;I~L..., <L-:::-J:; fVA/'f

~)s :;y-:-J ,~\.::.; 0-:.\f. cJ;h .(\r J \ \ JJ..l:::-)~1

j\..?l.:- 'j:!.G ~~llSU~b J L.".~~I J:;

)Jj-~ ~ ~ ~ 0-:.1J:; j~4 JL:..;~\~

.:;)1:;cY.Lh;lS?J)-~yj j\ J->l>- ~~ 4 .s ~4($"

H j:!.\.;~ lSL.".-.:...J~1J:; :;y-:-y lSL.".j%~jy\;

~ ~I W J:,j ~ ..?J:,\)Jj-~ ~ ~

j\ w j:!.\.;lSL.".~~T ~ lSL.:; 0:;y' j~4 4:;;,

...v.:;($"~L:..; ~\~ c..\.oT~~ lS? jyj J.!.):>

LSU.~~ J:; JL:..; J L.:; y!.:;\.i. 0\~ N P J:;
...

J:;.r'" ~~T lSW.~b lSw.~~T ~

~ j J ~ \.::.;0-:.\ iJ"Uf. .J:,\ c~ ~ \.i. ~ 4 -.:...J~I

j%.r,.jy\; ~~ w ~~T jI :;~($" c.1A~ .:..1

j\ J->l>- lSG:; ).Li. \lJ ,~\ c~ ~T ,M cJ~

M-D'f C)'4---'"j% .r,.jy\; - J~T .:.~ lS? y j yj

Lb;. J ~l.: JJ\; >.\ LSI):;D\~-D\A ~~ ~ ~

-~4($"

lSU-::...J ~T :;J.J-..AJ~ lS? JJl.:y j y j 0-:.1~ \.::.;

\j fDf/\ ~ lSL.:;01~ p~ ~\.; ~~\ ~~

V/DVL; v/_. lSJL:..;C:;J..b...oJ:; :;\~L... ~J:; v~~/r

'-Y~ lSL.".~~T lSlf. J (n' J \ .JJ..l:::-) J4#

fAY/AL.;ffr/~ ~ lSl..:;d~ p~ ~ ~~I

Jl.:#V/A. \j D/Ar lS)L:..;c:;J..b...o):; :;\~L... ~J:;

:;J..L>- J:; ~j ~ ~~T lSu~b :;JY J:; J

Amnhibolite Amvhibolitic dikes

Mineral T..cher-makitic Tscher-
Tscher-

Tscher-makitic Tscher-makitic T..cher-makitic T..cher-makitic Tsclrer-mukitic

Type Hornblende mukite
makitic

Hornblende Average Hornblende Hornblende Hornblende Hornblende Average
Hornblende P(Kbars) P(Kbar..)

Sample Point 515 519 521 54 524 526 529 519

Hollister et al.
1987 8.0 7.7 6.8 7.1 7.4 7.7 7.4 7.8 7.6 7.62

(Kbars)
Schmidt

1992 7.8 7.5 6.8 7.0 7.3 7.5 7.3 7.6 7.4 7.45

(Kbars)
Hommarstrom

& Zen 7.5 7.2 6.4 6.7 6.9 7.1 7.0 7.3 7.1 7.15
1986

(Kbars)
Johnson &

Rutherford 1989 6.1 5.9 5.1 5.4 5.6 5.9 5.7 6.0 5.8 5.85

(Kbars)
Mean a all above 6.82 Mean of all above 7.01

Pressure
I 2 3 4 5 6 6.5 7 7.5 8 9 10

(Kbar..) (Kbars) (Kbars) (Kbars) (Kbars) (Kbar..) (Kbars) (Kbars) (Kbars) (Kbars) (Kbars) (Kbars)

Sample Temperature 0C

37/-1&371-2 637.6 641.5 645.4 649.2 653.1 656.9 658.9 660.8 661.7 664.7 668.5 672.4
(Amohibolite)
371-4&371-5 691.0 685.3 679.6 673.9 668.3 661.6 659.7 656.9 654.1 651.2 645.5 639.8
(Amnhibolite'
397-2&397-3 701.1 699.1 696.2 693.2 690.2 687.3 685.8 684.3 682.8 681.3 678.4 675.4

(Amphibolitic Dike)
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\11 ...~~I);) ;)~'" ~~1 ,-,"lA,~.b9 lA,~~1 ~lb

-"" &- -
""lA4~1 )..:-.1ci.J i~1 ",,?'Y');'j "':(18] ..,...L...If. 0~1 J o,)JJI":-'-4IJ JL.:JJI~ (31]..,...L...If. I~I-\Y JJ~

.(~l; 4~1 ..

J 4~1 )..:-.1ciJ i~1 ",,?'Y');'j "':(18] ..,...\I f. 0~1 J o,)JJI":-'-4IJ JL.:JJI~ (31] ..,...L...If. I~I-'f JJ~

.(~ 4~1 oJI}f. ~~I ""lA~b

~LS ~,) ? y;.J,) J ";':'1.;-91~-wl LREE Y'""~

~\5 iJJ...:,rS ~ J rl.J iJl J=b iJly if os:...:: ,1ci~

c,)J..L>..o lS 4; .<..:: jI,) c.5"".Jy; ,).Jy> ~ .J,) j 'jS y":j'~

J->..~ J-J,) "-; ..Gly~ :,:; ~\>. ),)~ Y'""~ ~IJI}

j-U~T J->..~ lSL".c~J.;~.? P ),) ~ .J...:,~~ ~.?,)

lSU.~I,) J u...:..;J~T os:a iJ\Yif ,~.f.?,) J

"-; lS~L:j ~~ )Jj - ~ ,f:) ~I i:)'" ,f:) ~I

.(\" J.-~)J.;)~ NMORB

y...;Ylo~~T lSU.~b J u.-: J~T ~y

J Ta/Yb-ThNb lSW('I}L:.,)),) )Jj- ~ ~HI
~ ~ u~ u-:.IW .1J;)i..>""iJL:;Ta/Yb-CeNb

u-:.-) ~T ~ .~ .(\1 \(' .)~LJ . ..7 . Yv if- .~

il}~,)),) )Jj- ~ ~~I y,Ylo~~T lSL".~b

C,)J..G...oJ ,NMORB~ A c,)J..b...o.J,),Th-Hf/3-Ta ~
~ yyl u~ J->-b lSU.~ y ) EMORB~ B

,))j--")~H Th/Yb-Ta/Yb('I.?~,).(\ 'f ~)~.;$ if )}

- ~ ~~Iy...;Ylo ~~T lSL".~bJ L"...:..:J~T

~ ~ ~..r" L".~ 0:1 -..))1~ os:..lA,)1fiJL:..; )Jj

.(\ 'f~)G.,...I c,)y. C~ ~ ~.f

,~yS.?~ lSU.c)L>-) )~~.J~ L".~ ~\ ~Y

J u.-: J~T ~yS.?~ C)L>-.J w ~Y,if 0..lAL:...

J ,-: J~T ')Jj- ~ ..:..;J~\ ,f:)~T lSL".~b

O)L-» 15..y.:;llSu~ ,~~ W~I ~)j--"J,)

.(11,~)J...:,~if ..:..;Jyl.? C)~.J J.IJI \:;..:..:J~T

I<~ . '...r ~.J'J

~ y> 'JlSJT rly; ),) SiOz ('I.?L:~ "-; ~ y ~

~ ,f:)~1 y,'J..,f:)~T lSL".~b J L"...:..;J~\

Jl5JT ,-;-,L C~J..b...oJ,) cJ::SI..G;- .b:- iJy>l.;::; .J~ )b-

~ iJ..G ~I ~ ~I J)~ '~~if Jl5JT J

~)J...:,~if ~~.?~ ~~ ~ J ~~.?,) jI ~ -..)JI

.(\\

) u.W ~T REE iJ.L.7,y;J~ j lSuil.?L:~ ),)

y;1y;),) )Jj - ~ ,f:)~I y,'j...,f:)~T lSL".~b

j--:I d~ -WJ.J ,NMORB .;-:Iy; .J,) y...;, J ..::..:.)J.:.S

c~ \~J..L>- u."::":'.J...l:S ~ ~ J c~y. ~I ~.;; f"'~

.J~ .(H ~)..l.:.A~~ iJL: ;,)~ jI JJ...:, t? .f.\f.

)..Lk os:~~ ~ c...tAL.: ,c.L.7,y;J~T15L"..G~ c.?-f.

Coaple of
Amvhibole-Plaeiociase P (kbar) r('c)

519-518

(Amphibolite)
7.5 799

54-55
(Amphibolite)

7.0 656

Couple of P T
Amphibole

(kbar) ('C)Plaeioclase
371-1&371-2

7.7 663
(Amphibolite)
371-4&371-5

5.8 687
(Amphibolite)
397-2&397-3

3.1 678
(Amphlbolltic Dike)
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