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1-Introduction

The Kal-e-Kafi area is situated at 65 km of the northeast of the Anarak city (Isfahan Province, Iran). The Kal-e-
Kafi area is part of the Yazd (Naein) Block (Almasian, 1997). The Yazd Block situated between the Chapedony
Fault in the east, Dorouneh (Great Kavir) Fault in the north, and the Rafsanjan and Shahre-Babak Faults (Nain —
Baft Fault) in the south and west (Fig. 1). Metaperidotites of this area are mainly metalherzolite and
metaharzburgite. These metaperidotites and associated metasediments belong to the Paleozoic and are remnants

of the Paleo-Tethys ocean.
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Fig. 1. The main structural units of Iran with location of ophiolites and Kal-e-Kafi metaperidotites. Modified
after Torabi et al. (2011).

2-Methodology

During field studies, samples were taken from metaperidotites of the Kal-e-Kafi area. After preparation of
microscopic thin sections, petrographic studies were carried out on the samples. Then an ideal sample selected
to perform Electron Microprobe Analysis. Mineral analyses were conducted by a wave-length-dispersive
electron probe microanalyzer (EPMA) using a JEOL JXA-8800R instrument. XRD analysis of the
metaperidotite samples was carried out by Bruker D8 Advance X-ray diffractometer. The amounts of Fe** and
Fe?* in minerals were estimated by assuming mineral stoichiometry (Droop, 1987).

3- Results and discussion
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Petrography study and mineral chemistry show that metaperidotites are consist of metamorphic minerals of
olivine (forsterite-chrysolite; Fo: 0.86-0.92), orthopyroxene (enstatite; En: 83.30-88.77), tremolite, tremolitic-
hornblende and magnesio-hornblende, antigorite, talc, anthophyllite, chlorite (clinochlore) and magnetite. The
presence of magnetite inclusions in metamorphic olivine neoblasts indicates that magnetite inclusions have been
formed in the effect of serpentinization of the primary peridotites, and then during progressive metamorphism,
have been surrounded by metamorphic olivines.

According to the petrography evidence (i.e., the presence of a mineral assemblage of tremolite, olivine and
olivine, orthopyroxene, and anthophyllite), mineral chemistry (i.e., presence of magnetite inclusions in
metamorphic olivines, extensive variation in MnO content of the olivine neoblasts, and the high amount of
Al,O3 in chlorite) and thermobarometry results, it can be concluded that the peridotites of Kal-e-Kafi area have
undergone by regional metamorphism in P-T condition of greenschist facies in the Paleozoic. The intrusion of
Eocene Kal-e-Kafi granitic body leads to progressive contact metamorphism in pyroxene hornfels facies. Partial
serpentinization of some metamorphic olivines and orthopyroxenes and the formation of late-stage chlorite
around some of the tremolites indicate the occurrence of retrograde metamorphism.

4-Conclusions

Field study, petrography, mineral chemistry, and the phase relationships of minerals in metaperidotites
characterized that metaperidotites in the effect of various magmatic phases of the Kal-e-Kafi intrusive body in
the Eocene, has undergone regular contact metamorphism in 680 to 770 °C and 0.5 kbar. The partial
serpentinization of olivine neoblasts and chlorite formation around some of the tremolites indicate the
retrograde metamorphism in these rocks.
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Fig. 1. The main structural units of Iran with location of Iran ophiolites and Kal-e-Kafi area. Modified after Torabi
et al. (2011). Abbreviation: An = Anarak; Jn = Jandaq; By = Bayazeh; PB = Posht-e-Badam.
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Table 1. Electron microprobe analyses of olivines (wt%) in metaperidotites of the Kal-e-Kafi.
(SO lacaisn nlie )2 35290 Slacnsell ©9n9,See 092 Sla il @l =) Jsar
Sample B707 B707 B707 B707 B861 B861 B707-1 B707-1 B809 B809
Analysis 172 174 187 188 175 176 215 219 203 204
Lithology MHZ MHZ  MHZ MHZ MHZ  MHZ MHZ MHZ MHZ MHZ
SiO, 40.83 4097  41.04 4093 3997 3975 41.16 41.20 40.79 40.79
TiOz 0.00 0.00 0.00 0.01 0.00 0.00  0.00 0.01 0.00 0.01
AlO3 0.01 0.04 0.00 0.02 0.05 0.05  0.00 0.03 0.00 0.00
FeO* 1078 1053  10.34 1044 1009 1015 9.07 8.98 11.88 11.81
MnO 0.12 0.09 0.14 0.11 0.08 0.06  0.08 0.09 0.30 0.29
MgO 47.95 4825  48.28 47.88  49.83  49.67 4950 49.16 46.87 46.95
Ca0 0.01 0.00 0.02 0.00 0.00 000 0.01 0.01 0.08 0.02
NazO 0.00 0.00 0.00 0.00 0.01 001  0.00 0.00 0.01 0.00
K20 0.02 0.00 0.00 0.01 0.00 001  0.02 0.02 0.01 0.01
NiO 0.34 0.37 0.30 0.29 0.27 025 0.20 0.29 0.30 0.33
Total 100.05 100.26 100.12 99.69  100.31 99.94 100.04  99.78 100.23  100.21
Oxygens#= 4
Si 1.005  1.005  1.007 1.008 0981  0.979 1.004 1.007 1.007 1.007
Al 0.000  0.001  0.000 0.001 0.002  0.001 0.000 0.001 0.000 0.000
Ti 0.000  0.000  0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000
Fe2* 0222 0216 0212 0.215 0.207  0.209 0.185 0.184 0.245 0.244
Mn 0.002  0.002  0.003 0.002 0.002  0.001 0.002 0.002 0.006 0.006
Mg 1.759 1764  1.765 1.759 1.822  1.824 1.800 1.792 1.726 1.728
Ca 0.000  0.000  0.000 0.000 0.000  0.000 0.000 0.000 0.002 0.001
Na 0.000  0.000  0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000
K 0.001  0.000  0.000 0.000 0.000  0.000 0.000 0.001 0.000 0.000
Ni 0.007  0.007  0.006 0.006 0.005  0.005 0.004 0.006 0.006 0.007
Total 2996 2995  2.993 2991 3019 3.019 2.995 2.993 2.992 2.993
Fe?'# 0.110 0110 0.110 0.110 0.100 0.100 0.090 0.090 0.120 0.120
Mgt 0.890  0.890  0.890 0.890 0.900  0.900 0.910 0.910 0.880 0.880
2 Diopside + 5 Antigorite = 6 Forsterite + Tremolite
+9H;0 1595

Brucite + Antigorite = 2 Forsterite + 3 H20
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Table 2. Electron microprobe analyses of orthopyroxenes (wt%) in metaperidotites of the Kal-e-Kafi.
(SIS slacaisn nlis 1 35750 SlairaS 555 35955 095 Sl slll @l Y oo

Sample B707 B707 B707 B707 B707 B707 B707 B707-1
Analysis 168 170 173 175 176 185 190 218
Lithology MHZ MHZ MHZ MHZ MHZ MHZ MHZ MHZ
SiO2 56.35 56.07 56.40 55.97 56.59 55.87 56.54 57.42
TiOz 0.01 0.00 0.02 0.00 0.02 0.00 0.00 0.02
Al2Os3 3.47 3.22 2.88 2.56 2.12 2.94 2.19 1.40
Cr203 0.40 0.34 0.08 0.48 0.22 0.21 0.20 0.02
FeO 6.57 6.62 6.93 8.33 7.95 9.04 8.51 6.83
MnO 0.08 0.05 0.09 0.16 0.14 0.14 0.14 0.08
MgO 33.35 33.77 33.36 32.36 32.84 31.90 32.63 34.41
CaO 0.04 0.03 0.03 0.06 0.02 0.06 0.06 0.03
Na20 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.02 0.00 0.01 0.01 0.01 0.02 0.02 0.03
NiO 0.07 0.06 0.07 0.05 0.03 0.04 0.05 0.10
Total 100.37  100.19 99.87 99.98 99.93 100.22  100.35  100.31
Oxygens#= 6

Si 1.940 1.931 1.952 1.950 1.967 1.946 1.962 1.975
Ti 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
AM 0.060 0.069 0.048 0.050 0.033 0.054 0.038 0.025
AlV 0.081 0.061 0.069 0.055 0.054 0.066 0.051 0.032
Cr 0.011 0.009 0.002 0.013 0.006 0.006 0.006 0.000
Fe?* 0.189 0.191 0.201 0.243 0.231 0.263 0.247 0.196
Fe3* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.003 0.005 0.004 0.004 0.004 0.002
Mg 1.712 1.734 1.721 1.681 1.702 1.656 1.648 1.764
Ca 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.001
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.001
Ni 0.002 0.002 0.002 0.001 0.001 0.001 0.001 0.003
Total 3.999 4.000 4.000 4.000 4.000 3.999 3.999 3.999
Fe?*# 0.099 0.099 0.105 0.126 0.119 0.137 0.130 0.100
Mg# 0.900 0.901 0.895 0.874 0.880 0.863 0.870 0.900
Q 1.903 1.926 1.923 1.926 1.934 1.922 1.937 1.962
J 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
WO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
EN 86.771  86.898 87.267 84.571 86.303 83.627 85.255  88.773
FS 9.592 9.560 10.169 12.214 11.725 13.297 12474  9.884
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2 Diopside + 5 Antigorite = 6 Forsterite + Tremolite
+9 H0

Soge a4 Gl g ede e e S L b oo S

il 5 idse b oolpon doil ju (5,0 50 oloaill

sl s bacady; S 13 Lo lS oyl igd e oaalive i
Al oo S 55 lalie 4 o (6 yiden

VEY

2 a8 wilbee bty Jle ;o 35290 HlopendS SIS olge

(Bucher and  coa ol cudguiel o)lus; sloisw olos
SIS gy wales WLl .Grapes, 2011; Spear, 1995)
Ol a4 d)lge ()0 5 Grgiie slojsk Dygo 90 @ bbiudge s
cdge 5 g o 0ays bty e ;o 1y il - S il ousjle
adsl GlaireS s mslS (iRl (6 5 Slojsh Shso @ (5 )pie
S l pladeol b SedlshS oy <8l slls g oads anigS
sl

(i sbedsey  aibie colls 5 ek
L leodge s 5l (B ail> @0 JS0) ijls galymn el e g
)‘ ‘5>)J 4.~..ul> »° W)ls @J)ib el o0l Ujfi’b w)JS

odig) Ui (59550 5l o (S (G550 s, il laidse 5



e

Voleds ) ey VEe ol Bt @l b by Tk,
Table 3. Electron microprobe analyses of tremolites (wt%) in metaperidotites of the Kal-e-Kafi.
SIS Glacadsn plie )0 39250 cadse i ©gpng,See 9 2SIl slos Ul s Y Jsoxr
Sample B804 B804 B804 B804  B807 B807  B807  B807  B807 B807
Analysis 192 193 196 197 268 269 271 272 274 277
Lithology MLZ MLZ  MLZ MLZ  MLZ MLZ MLZ MLZ  MLZ MLZ
SiO2 5281 5321  56.69 55.68  58.47 5876  57.22 5865 5744  59.20
Tioz 0.00 0.00 0.08 0.04 0.00 0.00 0.01 0.00 0.00 0.01
Al203 1.21 0.98 1.81 1.80 0.52 0.47 2.12 0.56 1.18 0.12
FeO* 3.56 3.22 2.73 3.02 4.36 3.70 2.77 2.63 4.41 2.10
Cr203 0.20 0.21 0.40 0.31 0.14 0.03 0.32 0.22 0.17 0.00
MnO 0.09 0.07 0.05 0.03 0.17 0.16 0.15 0.20 0.17 0.12
MgO 2812 2847  23.20 2458 2154 2195 2250 2235 2161 2373
Ca0O 9.37 9.06 12.95 1224 1257 1269  12.09 1284 1239  12.28
NazO 0.18 0.19 0.48 0.41 0.03 0.05 0.30 0.06 0.17 0.03
K20 0.05 0.03 0.06 0.04 0.03 0.03 0.07 0.04 0.05 0.04
Total 9538 9524  98.04 97.85  97.69 97.81 9724 9732 9743 9763
Oxygens#= 23
Si 6.909  6.936  7.668 7.442  7.994 8.017 7751 8012 7860  7.968
Ti 0.000  0.000  0.008 0.004  0.000 0.000  0.001 0000 0000  0.001
Alv 0.186  0.150  0.289 0.283  0.006 0.000 0249 0000 0.140  0.020
AM 0.000  0.000  0.000 0.000  0.077 0.075  0.090 0.089 0050  0.000
Cr 0.020 0022  0.042 0.033  0.015 0.003 0.034 0024 0018  0.000
Fez 0.000  0.000  0.000 0.000  0.279 0.264  0.000 0217 0120  0.000
Fe3* 0390 0351  0.309 0.337  0.219 0158 0314 0083 0385  0.236
Mn 0.010  0.007  0.006 0.004  0.020 0.018  0.017 0023 0020 0014
Mg 5486 5533  4.677 4897  4.390 4465 4544 4552 4408 4761
Ca 1.313 1266  1.876 1.753  1.841 1.855 1755 1880 1817  1.770
Na 0.045 0048  0.126 0.106  0.008 0.013  0.080 0015 0046  0.008
K 0.008  0.006  0.010 0.007  0.004 0.006  0.013 0006  0.009  0.007
Total 14367 14.319 15012 14866 14.854 14875 14.847 14901 14.871 14.785
Mg# 1.000  1.000  1.000 1.000  0.940 0.944  1.000 0982  0.920  1.000
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(Pawley, 1998; Spear, 1995)

Anthophyllite + Forsterite = 9 Enstatite + H,O
Talc + Forsterite = 5 Enstatite + H,O
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Table 4. Electron microprobe analyses of serpentines and anthophyllites (wt%) in metaperidotites of the Kal-e-
Kafi.

(S oo nlie ;5 S92 50 slacalidgnl 5 b il yu 099,500 093U sla bl bs -F Jgoo

Sample B861 B707-1 B804 | Sample B861 B861 B707
Analysis 169 221 195 | Analysis 168 170 186
Lithology MHZ MHZ MLZ | Lithology MHZ MHZ MHZ
Mineral Serp Serp Serp | Mineral Ath Ath Ath
SiO, 4406 4126 39.92 | SiO; 4979 5220  55.02
TiO, 0.01 0.01 0.02 | TiO; 0.17 0.01 0.00
Al;O3 048  0.13 0.20 | AlOs 3.68 0.74 1.64
Cr203 0.04  0.00 0.14 | Cr0s 5.80 6.41 3.25
FeO* 7.40 381 6.89 | FeO* 0)35 010  0.33
MnO 0.10  0.06 0.16 | MnO 004 014 001
MgO 34.18 38.09 38.03 | MgO 3064 3173 3183
CaO 0.04 0.01 0.04 | CaO 0.01 0.06  0.00
Na.O 0.10  0.00 0.00 | NaO 0.86 0.07 0.05
K20 0.03  0.02 0.00 | K20 0.19 0.02 0.02
NiO 0.05  0.27 0.26 | Total 9118 9137  91.80
Total 86.48 83.66 85.67
Oxygen#=7 Oxygen#= 23
Si 1.783 1.726 1.631 | Si 6.159  6.406  6.661
Ti 0.000 0.001 0.001 | Ti 0.016  0.000  0.000
Al 0.026  0.007 0.011 | AM 0536 0107 0.233
Cr 0.002  0.000 0.008 | Al 0.000  0.000  0.000
Fe?* 0.599  0.319 0.563 | Cr 0.034 0.009 0.032
Fe3* 0.008  0.005 0.013 | Fe?* 0.000  0.000  0.000
Mn 2.767 3.187 3.108 | Fe* 0.600 0.658  0.329
Mg 0.000  0.000 0.000 | Mn 0.004 0.014 0.001
Ca 0.003  0.001 0.003 | Mg 5.650 5.806  5.744
Na 0.016  0.000 0.000 | Ca 0.001  0.008  0.000
K 0.005 0.003 0.000 | Na 0.205 0.016  0.011
Ni 0.004 0.023 0.021 | K 0.030  0.003  0.003
Total 5213 5.271 5.359 | Total 13237 13.027 13.014
Mg# 0.822 0909  0.847 | Mg# 1.000  1.000  1.000
Tl . LI IRC v S g I % Al hel laadse 3l culdgnl JSas slajusly jo UG
(Ad JS5) wilens laSaw BB locdse s 5l aslisd 855 5 peiiane Shgals L laculdsn]
Lo SS9, 9wl dwd D0 4 b IS ol aies aseis
Baign b sl S (oo S gla STy 51 50 Yiais] lacolignl (CO JS) Wl o oo
S (s 8590 SIS gtnlio )0 sl sand (s iised! 2 A B b lales 0 uSaymsil 5 SI6 s sl
2 s WU AR Loyl o Cuyiesd Gl &S Gl e JSes (Spear, 1995) jLoks VY I a8 slajlad 5 ol 5 ile
ad S 5 loges ;o lan]l cuS 5 g aibie A0 B AY e 05 ol ilonsds
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9 Talc + 4 Forsterite =5 Anthophyllite + 4 H,O
Talc + 4 Enstatite = Anthophyllite
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Table 5. Electron microprobe analyses of chlorites (wt%) in metaperidotites of the Kal-e-Kafi.
(S slacaisn nlie 0 35750 SlacalS 55550 095 SlalUT @l -0 Jsur

Sample B707 B707 B707 B707 B707 B707-1
Analysis 167 169 171 177 189 220
Lithology MHZ MHZ MHZ MHZ MHZ MHZ
SiO, 3133 3133 3112 3151 3192 32.24
TiO, 0.08 0.04 0.09 0.11 0.10 0.04
Al,O3 19.60  19.69  20.06 1954  18.81 17.51
Cr,03 0.59 0.80 0.73 0.67 0.64 1.71
FeO* 3.11 3.23 3.25 3.15 3.24 2.76
MnO 0.02 0.01 0.01 0.01 0.00 0.01
MgO 31.26 3152  31.30 3125 3161 31.91
CaO 0.00 0.01 0.00 0.02 0.01 0.01
Na.O 0.01 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.02 0.01 0.02 0.00 0.01
Total 8598  86.64  86.56 86.28  86.32 86.19
Oxygeni#= 28

Si 5954 5919  5.884 5970  6.045 6.123
Ti 0.011  0.006  0.013 0.016  0.014 0.006
AV 2.046  2.081 2116 2.030 1.955 1.877
Al 2340 2300 2349 2.329 2240 2.040
Cr 0.088 0.119  0.108 0.099  0.095 0.256
Fe?" 0493 0510 0513 0.498  0.514 0.438
Fe3* 0.003  0.002  0.001 0.002  0.000 0.002
Mn 8.855  8.877  8.823 8.827  8.924 9.034
Mg 0.001  0.002  0.000 0.004  0.001 0.001
Ca 0.003  0.000  0.000 0.000  0.000 0.000
Na 0.000  0.005  0.003 0.005  0.001 0.002
K 19.794 19.821 19.810 19.780 19.789  19.779
Total 5954 5919 5884 5970  6.045 6.123
Fe'# 0.053  0.050  0.055 0.053  0.054 0.046
Mg# 0950 0.950  0.945 0.950  0.950 0.954
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Table 6. Electron microprobe analyses of talc (wt%) in metaperidotites of the Kal-e-Kafi.
(SEJE slacaisn nls ;5 S92 0 SB35 59,500 9l Slo BT mls -7 Jgur
Sample B707  B707 B707 B707 B707 B707-1 B707-1 B707-1 B707-1  B707-1
Analysis 178 179 181 183 184 213 214 216 217 222
Lithology MHZ  MHZ MHZ MHZ MHZ MHZ MHZ MHZ  MHZ MHZ
SiOz 59.78  57.35 5690 59.45 58.89 5868  60.12 6055  59.39 59.44
TiO2 003 001 000 001 001  0.00 0.00 0.00 0.02 0.00
Al203 119 2.09 1.99 111 185 044 0.63 0.70 1.32 0.87
Cr203 005 024 007 011 010 005 0.07 0.07 0.19 0.00
FeO* 6.60  3.78 523 673 733 736 6.30 5.80 5.95 6.60
MnO 0.16  0.05 009 018 019 023 0.11 0.07 0.09 0.11
MgO 3022  30.72 3147 3022 2987 3124 3073 3092 3018 30.24
Ca0 0.08  0.00 003 013 015 022 0.11 0.06 0.16 0.11
Naz0 017 0.6 006 014 024  0.04 0.09 0.08 0.21 0.14
K20 0.00  0.04 029 002 002 001 0.02 0.02 0.02 0.02
NiO 013  0.08 006 013 019 038 0.11 0.11 0.14 0.12
Total 98.40  94.52 96.19 9823 9884 9865 9830 9838  97.67 97.64
Oxygen#= 21
Si 6.378  6.370 6.211 6.355 6.256 6.246 6422  6.462  6.385 6.392
Ti 0.003  0.001 0.000 0.001 0001 0.000 0000 0.00  0.002 0.000
Al 0.169  0.310 0290 0158 0261 0063 0090  0.099  0.189 0.124
Cr 0.007  0.036 0.010 0.015 0014 0007 0010 0.010  0.027 0.000
Fe2+ 1.409  0.841 1143 1438 1558 1567 1347  1.238  1.280 1.420
Fe3 0.034  0.010 0.019 0.037 0041 0048 0023 0015 0.020 0.024
Mn 6.448  6.825 6.871 6460 6.346 6651 6565  6.599  6.490 6.504
Mg 0.000  0.000 0.000 0.000 0.000 0.000  0.000  0.000  0.000 0.000
Ca 0.017  0.001 0.006 0.028 0031 0047 0024 0013  0.034 0.023
Na 0.071  0.072 0.026 0.061 0104 0017 0040 0.035  0.089 0.058
K 0.000  0.016 0127 0010 0010 0003 0009  0.008  0.009 0.010
Ni 0.029  0.018 0.013 0.029 0041 0081 0023 0024 0030 0.025
Total 14.566 14500  14.715 14.593 14.663 14730 14.553 14504 14554  14.580
Mg# 0.821  0.89 0.857 0.818 0.803 0.809  0.83 0.842  0.835 0.821

JeSzs () dacudg; Jie 5o (o) b)) Cudseyi olyed 4 (nsdl Glacadlst @) + ITJS slocaisss plie 5%y, S pslai -0 S5
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Fig. 6. Photomicrographs of the Kal-e-Kafi metaperidotites; (a) Olivine neoblasts associated with tremolite in
metalherzolites, (b) Formation of orthopyroxene at the expense of talc and olivine, (c) Anthopyllite aasiciated with
orthopyroxene, talc and olivines in metaharzburgites, and (d) Some olivines are changed to antigorite.
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Fig. 6. Chemical diagrams for olivines in the Kal-e-Kafi metaperidotites (Deer et al. 1992).
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Table 8. Correlation between the metamorphic facies and the diagnostic ultrabasic rock (Evans, 1977).
(1977) Evans jl a3 5 «Seslel gl slocKiw jo awlis SIS g (565,55 sloo L, oo alasly ~A Jga

Facies

Diagnostic ultrabasic rock

Zeolite (Pumpellyite)

Lizardite/chrysolite serpentinite

Blueschist (Low greenschist)

Brucite-antigorite serpentinite

Low eclogite
High greenschist

Diopside-antigorite peridotite

Amphibolite (Hornblende hornfels)

Tremolite peridotite

Pyroxene hornfels

Plagioclase lherzolite

Pyroxene granulite (opx + plag & cpx + gt)

Spinel lherzolite (Seiland subfacies & Ariegite
subfacies)
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Table 9. Correlation between the metamorphic facies and mineral paragenesis in ultramafic rocks (Spear, 1995).
(1995) Spear jl a5, (Sl gl (sloSiw 10 il SIS 5 (355 55 (slao sy o Al - Jgux

Facies Paragenesis Al-phase Si Co”tef‘t of
Ca-amphibole
Sub-greenschist Chrysotile+Talc+Tremolite Chlorite 8.0-7.9
Greenschist and blueschist Brucite+Antigorite+Diopside Chlorite 8.0-7.9
Forsterite+Antigorite+Diopside Chlorite
Amphibolite Forsterite + Antigorite + Tremolite Chlorite
Forsterite +Talc + Tremolite Chlorite
Forsterite +  Antophyllite(or ~ Magnesio- | Chlorite/Chromite 8.0-7.8
Cummingtonite) + Tremolite Chlorite/Chromite 79-75
Forsterite+ Orthopyroxene + Termolite Spinel 7665
Forsterite+ Orthopyroxene +Hornblende B
Pyroxene hornfels (Low P) Forsterite+ Orthopyroxene +Clinopyroxene Plagioclase
Granulite (Intermediate P) Forsterite+ Orthopyroxene +Clinopyroxene Spinel 6.6-5.9
+ Hornblende Garnet
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Fig. 11. Combination of the P-T condition of metamorphism and metamorphic facies (Yardley, 1989) and graph of
petrogenetic grid for water-saturated ultramafic rocks in the (CMSH) CaO-MgO-SiO,-H,0O system (Spear, 1995).
The shaded field represents the P-T condition of peak metamorphism in the Kal-e-Kafi peridotites, deduced from

the observed mineral assemblages.
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