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Abstract—The metapelitic schists of Jandagh or simply Jandagh metapelites can be divided into four groups
based on mineral assemblages: (1) quartz—muscovite schists, (2) quartz—muscovite—biotite schists, (3) gar-
net—muscovite—chlorite schists, and (4) garnet—muscovite—staurolite schists. The Jandagh garnet—musco-
vite—chlorite schists show the first appearance of garnets. These garnets contain 58—76% almandine, 1—18%
spessartine, and 8—20% grossular. Microprobe analysing across the garnets demonstrates an increase in Mg#
from core to rim. This is a feature of the prograde metamorphism of metapelites. Well-preserved garnet
growth zoning is a sign that metapelites were rapidly cooled and later metamorphic phases had no effect here.
The appearance of staurolite in garnet-muscovite-chlorite schists signifies a beginning of the amphibolite fa-
cies. The absence of zoning in staurolite suggests that its formation and growth during prograde metamor-
phism occurred at a widely spaced isograde. Thermobarometric investigations show that the Jandagh
metapelites were formed within a temperature range of 400—670°C and pressures of 2.0—6.5 kbar. These re-
sults are in agreement with the mineral paragenetic evidence and show the development of greenschist and

amphibolite facies in the area studied.

INTRODUCTION

The Jandagh area is located in the northeast of Is-
fahan and is a unique field laboratory for studying re-
gional metamorphism in Iran. This region surrounds a
very large section of the southern parts of the low lying
salt plain (Fig. 1).

Metapelites! are the best known metamorphic
rocks of Jandagh, in which the main constituent min-
erals show a regular distribution pattern that may be
related to the grade of metamorphism.

The first geological studies of the Jandagh region
including the preparation of geological maps started in
1955. Researchers who studied the geology of Iran,
such as A.F. Stahl and von Zur (1897), A. Ganser
(1955), and J. Stoklin (1968a) have made references to
Jandagh. In 1975 Russian researchers made prelimi-
nary studies of the Anarak—Khur—Jandagh region
(Romanko et al., 1984) and published a report in 1984

' The following mineral abbreviations and thermodynamic sym-
bols are used: Alm — almandine; And — andalusite; Ann — an-
nite; Bt — biotite; Chl — chlorite; Crd — cordierite; En — ensta-
tite; Grt — garnet; Grs — grossular; Hb/ — hornblende; Kfs — K-
feldspar; Ms — muscovite; P/ — plagioclase; Prp — pyrope; Qtz —
quartz; Si/ —sillimanite; St — staurolite.

X" = i/(Fe + Mg + Al(VI)) i = Fe, Mg, Al(VI]);

1

Xf’ =j/(Fe + Mg + AI(VI) +Ti) j= Fe, Mg, Al(VI), Ti;

Xgrt =k/(Fe + Mg+ Ca+ Mn) k= Fe, Mg, Ca, Mn;

N;=100X; a?, — activity of the component i/ of the mineral a;
T — temperature, (K/C); P — pressure, kbar.
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in compliance with the “Techno-Export” contract.
Other studies of this region include Hatef’s M.S. thesis
entitled “The Geology and Petrology of Igneous and
Metamorphic Rocks of the Khur—Jandagh region
(Central Iran)” (Hatef, 1996).

METHODOLOGY AND GEOLOGY

Minerals were analysed using a Cameca electron mi-
croprobe at the Iran Center of Technological Research,
and the whole rock analysis was carried out by the ICP-
MS method at the Amdel Laboratory, Australia (Table 1).
Also, a series of current petrologic methods such as texture
and structure examination, paragenetic analysis, regional
categorization of coexisting minerals based on microprobe
profiles and, finally, geothermobarometrical calculations
were used. In this study the main issue centered on Ms, .S¢,
Chl, Grt, Bt as a collection of minerals which, in the pres-
ence of H,O and Qrz are sensitive to the conditions of
metamorphism.

PETROGRAPHY AND MINERAL CHEMISTRY

The main purpose of this section is to characterize
mineral assemblages and their compositions in the
rocks from the Jandagh area and show the relation-
ships between the minerals in different rock types.The
metamorphic rocks in this area are serpentinized peri-
dotite, mylonitic granite, amphibolite, marble and al-
ternating layers of schist, quartzite and marble (Fig. 2).
The general feature of Metapelitic schists in the Jan-
dagh area is the presence of lepidoblastic, porphyo-
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Fig. 1. Geological map of the area studied and access roads (Technoexport, 1974).

blastic, lepido-porphyroblastic and lepido-porphyro-
poikiloblastic textures. The whole rock compositions
of Jandagh Metapelits fall within the pelagic shale
zone in the AFM-diagram, having higher Al and Fe
and lower Ca than those of platformic shales (Fig. 3).

The Metapelitic rocks of Jandagh are subdivided in-
to four types:

(1) Quartz—muscovite schists (Qrz + Ms + Kfs + PI).

These rocks contain substantial amounts of organic
matter and have very distinct lepidoblastic textures.
Small grains of quartz with smooth boundaries and an
average size of 0.1 to 0.2 mm and aligned muscovite
sheets, 0.1 to 0.2 mm in average size, account for 95%

of these rocks. The X A]\fg of these rocks varies between

0.49—0.59. Biotite, chlorite and Fe oxide are the mi-
nor minerals. Muscovites embedded in opaque miner-
als are sometimes present in these rocks. The presence
of very fine crenulations is another feature in the struc-
tures of these rocks (Fig. 4).

(2) Quartz—muscovite—biotite schists (Grt + Qtz +
+ Bt + Ms + Kfs + PI) have larger grains in comparison
with the quartz—muscovite schists and are not often
seen as layers enriched in quartz, muscovite, and bi-
otite accompanied by organic matter (Fig. 4). Lepido-
blastic textures are a distinct feature of these rocks.
Their essential minerals are grains of smooth surfaced
quartz with an average size of 0.1 to 0.2 mm and
aligned muscovite and biotite sheets with an average
size of 0.1—0.2 mm. The simultaneous formation of
these two minerals indicates reaction (1) Chl + Kfs =
= Bt + Ms + Qrz + H,0. Chlorite, garnet and Fe oxide

are the accessory minerals. The X, m varies from 0.41
to 0.54 in these rocks.

(3) Garnet—muscovite—chlorite schists (Grt +
+ Qtz + Ms + Kfs + Pl + Chl) have much less biotite
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(about 2 to 3%) but more garnet (about 10%) in com-
parison with the previous group. Garnet forms irregu-

lar broken phenocrysts surrounded by smaller grains of

garnet scattered within the rock (Fig. 4). Its M’; var-

ies between 0.4 and 0.2, and the end member compo-
sition is as follows: almandine from 59 to 76%, spes-
sartine from 1 to 18%, and grossular from 8 to 20%.
The mineral assemblage of these rocks and the pres-
ence of muscovite and, sometimes, biotite inclusions
in the garnet show that chemical reaction (2) Ms + Bt +
+ Qtz = Grt + Kfs + H,O has taken place. The pres-
ence of a very fine crenulation fabric is another feature

in the make-up of these rocks. The X fjg varies from

0.41 to 0.46. Figure 5 shows the position of Bt and Grt
in the AFM-diagram compared with the whole rock
composition. Large cores of Grf contain more Mg in
comparison with small Grt, and this shows that they
must have formed after prograde metamorphism; this
difference is clearly evident in the AFM-diagram.

The microprobe profile of Grt in contact with Ch/
shows an increase in Ny, near Chl. This is important
because the Ny, of Chl during prograde metamor-
phism is always higher than that of adjacent Grt; there-
fore, this observation may signify limited stability of
Fe-chlorite and an increase in the amount of Grt and
accompanying Mg-chlorite (Fig. 6 and Tabatabaci
Manesh, 2006).

(4) Garnet—muscovite—staurolite schists (Grf +
+ Qtz + St + Bt + Ms + Kfs + Pl + Chl) have coarse
grains; the matrix is composed of layers rich in Ms ac-
companied by very small amounts of Bt with lepido-
blastic, porphyroblastic, and poikiloblastic textures.

The X ﬁsg in these rocks varies from 0.39 to 0.60. The

Grt present in the staurolite schists are both small and
large in size, with large Grf containing more Mg com-
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Table 1. Selected microprobe analyses of the schist minerals, wt %

Sample Mjcl1 Sample JM5d
C%I:rll’to' Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt
1 2 3 4 5 1 2 3 4 5 6
SiO, 38.534 | 38.363 | 38.867 | 38.653 | 38.113 | 38.14 38.23 37.86 37.74 38.30 38.38
TiO, 0.11 0.08 0.09 0.08 0.14 0.08 0.07 0.04 0.09 0.14 0.11
Al,O4 20.88 20.71 21.10 20.55 20.91 21.53 20.78 21.07 21.05 21.07 21.12
Cr,04 0.00 0.03 0.00 0.00 0.04 0.05 0.00 0.00 0.02 0.01 0.00
FeO 25.96 24.63 28.50 32.31 32.92 31.36 31.50 33.80 32.21 31.82 30.78
MnO 6.12 7.32 2.65 0.35 0.37 0.29 0.27 0.00 0.31 0.48 0.17
MgO 0.84 0.96 1.50 1.71 2.70 1.81 1.67 4.07 1.64 1.66 2.87
CaO 6.45 6.74 6.72 5.16 4.10 6.99 7.23 2.97 7.21 7.25 7.18
Na,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cation ratios calculated per 12 oxigens Cation ratios calculated per 12 oxigens
Si 3.10 3.09 3.10 3.11 3.05 3.03 3.06 3.02 3.02 3.04 3.03
Al 1.98 1.97 1.98 1.95 1.97 2.01 1.96 1.98 1.98 1.97 1.96
AI(IV) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al(VI) 1.98 1.97 1.98 1.95 1.97 2.01 1.96 1.98 1.98 1.97 1.96
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01
Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2* 1.75 1.66 1.90 2.17 2.20 2.08 2.11 2.25 2.15 2.11 2.03
Mn 0.42 0.50 0.18 0.02 0.03 0.02 0.02 0.00 0.02 0.03 0.01
Mg 0.10 0.11 0.18 0.20 0.32 0.21 0.20 0.48 0.19 0.20 0.34
Ca 0.56 0.58 0.57 0.45 0.36 0.59 0.62 0.25 0.62 0.62 0.61
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A 0.04 0.05 0.08 0.09 0.13 0.09 0.09 0.18 0.08 0.08 0.14
Xca 0.20 0.20 0.20 0.16 0.12 0.20 0.21 0.08 0.21 0.21 0.20
Alm 0.62 0.58 0.67 0.76 0.76 0.72 0.72 0.75 0.72 0.71 0.68
Sps 0.15 0.18 0.06 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00
Prp 0.04 0.04 0.06 0.07 0.11 0.07 0.07 0.16 0.07 0.07 0.11
Grs 0.20 0.20 0.20 0.16 0.12 0.20 0.21 0.08 0.21 0.21 0.20
Sample Mjcl1 Sample JM5d
C%rglfto_ Ms Ms Ms Ms Ms Ms Ms Ms Ms Ms Ms
1 2 3 4 5 6 1 2 3 4 5
SiO, 47.85 47.08 47.74 46.89 47.69 47.49 47.37 48.55 47.04 46.85 48.17
TiO, 0.30 0.43 0.25 0.22 0.35 0.34 0.40 0.38 0.20 0.23 0.04
Al,O4 33.96 34.63 33.00 32.58 35.00 35.10 34.98 34.88 33.86 33.94 33.44
Cr,05 0.00 0.00 0.00 0.00 0.00 0.00
FeO 1.72 1.50 1.91 2.83 1.30 1.40 1.09 1.10 1.74 1.61 2.62
MnO 0.00 0.00 0.00 0.01 0.00 0.03 0.00 0.04 0.00 0.01 0.00
MgO 1.13 0.86 1.15 1.09 0.70 0.81 0.93 0.90 0.80 0.97 0.95
CaO 0.15 0.03 0.04 0.00 0.00 0.04 0.03 0.00 0.10 0.14 0.01
IMETPOJIOTUA TomMm 18 Ne 3 2010
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Table 1. (Contd.)

Sample Mjcl1 Sample JM5d
C?l?rﬁo_ Ms Ms Ms Ms Ms Ms Ms Ms Ms Ms Ms
1 2 3 4 5 6 1 2 3 4 5
Na,O 1.34 0.88 0.72 0.68 0.90 0.87 0.74 0.68 0.43 0.77 0.35
K,O 9.46 8.82 9.21 9.86 8.70 9.00 8.48 7.99 9.55 10.52 9.80
Cation ratios calculated per 11 oxigens Cation ratios calculated per 11 oxigens
Si 3.16 3.14 3.20 3.17 3.15 3.14 3.17 3.19 3.16 3.13 3.20
Al 2.64 2.72 2.61 2.60 2.73 2.73 2.71 2.70 2.68 2.68 2.62
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.00
Fe2+ 0.09 0.08 0.11 0.16 0.07 0.08 0.06 0.06 0.10 0.09 0.15
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.11 0.09 0.12 0.11 0.07 0.08 0.09 0.09 0.08 0.10 0.09
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Na 0.17 0.11 0.09 0.09 0.12 0.11 0.09 0.09 0.06 0.10 0.05
K 0.80 0.75 0.79 0.85 0.73 0.76 0.71 0.67 0.82 0.90 0.73
Total 6.99 6.91 6.92 6.99 6.89 6.92 6.86 6.82 6.92 7.02 6.93
X 0.54 0.50 0.52 0.41 0.49 0.51 0.60 0.59 0.45 0.52 0.39
Sample JM5d Sample Mjcl1
Compo- =, St St St St s |Compo-Tp, Bt Bt Bt Bt
nent nent

1 2 3 4 5 6 1 2 3 4 5
SiO, 29.01 | 28.69 | 28.55 | 28.57 | 28.71 | 26.39 |SiO, 34.85 | 35.20 | 3593 | 35.04 | 34.97
TiO, 0.63 0.53 0.59 0.60 0.79 1.53 |TiO, 1.49 1.53 1.60 1.45 1.54
Al,O4 53.84 | 52.87 | 54.32 | 53.49 | 53.70 | 53.12 |Al,O4 17.47 | 17.53 | 17.50 | 17.05 | 17.85
Cr,04 0.00 0.00 0.00 0.00 0.00 0.00 |Cr,04 0.03 0.00 0.04 0.01 0.11
FeO 1246 | 12.22 | 12.55 | 12.18 | 12.28 | 11.31 |FeO 20.72 | 20.96 | 20.47 | 22.68 | 21.74
MnO 0.00 0.08 0.11 0.07 0.00 0.04 |MnO 0.12 0.10 0.10 0.07 0.08
MgO 0.93 0.90 0.86 0.86 0.24 0.81 |MgO 9.85 9.78 9.53 8.88 8.95
CaO 0.00 0.00 0.00 0.00 0.00 0.00 |CaO 0.31 0.04 0.17 0.11 0.08
Na,O 0.00 0.00 0.00 0.00 0.00 0.00 [Na,O 0.16 0.23 0.21 0.21 0.21
K,O 0.00 0.00 0.00 0.00 0.00 0.00 |K,O 9.56 8.97 9.33 9.16 9.26

Cation ratios calculated per 46 oxigens Cation ratios calculated per 22 oxigens

Si 7.99 8.03 7.87 7.95 7.98 7.91 |Si 5.42 5.46 5.53 5.47 5.43
Al 17.47 | 17.44 | 17.54 | 17.55 | 17.59 | 17.45 |Al 3.20 3.20 3.17 3.14 3.27
Cr 0.00 0.00 0.00 0.00 0.00 0.00 |Cr 0.00 0.00 0.00 0.01 0.01
Ti 0.13 0.11 0.12 0.13 0.16 0.32 |Ti 0.17 0.18 0.19 0.17 0.18
Fe* 2.87 2.86 2.89 2.84 2.85 2.64 |Fe’* 2.69 2.72 2.63 2.96 2.82
Mn 0.00 0.02 0.02 0.02 0.00 0.01 |Mn 0.02 0.01 0.01 0.01 0.01
Mg 0.38 0.38 0.35 0.35 0.10 0.33 | Mg 2.28 2.26 2.18 2.07 2.07
Ca 0.00 0.00 0.00 0.00 0.00 0.00 |Ba 0.00 0.00 0.00 0.00 0.00
Zn 0.32 0.30 0.28 0.30 0.36 0.37 |Ca 0.05 0.01 0.03 0.02 0.01
Na 0.00 0.00 0.00 0.00 0.00 0.00 |Na 0.05 0.07 0.06 0.06 0.06
K 0.00 0.00 0.00 0.00 0.00 0.00 |K 1.90 1.77 1.83 1.82 1.83
Mg 0.12 0.12 0.11 0.11 0.03 0.11 | Xy 0.46 0.45 0.45 0.41 0.42
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Fig. 2. Frontal view of Jandagh metamorphic rocks (hereafter, figures are labeled from right to left as in Persian) (a) Serpentine
peridotite in the Jandagh Talc mine. (b) The alternate assurance of schist and marble in the Safahoo farm region. (c) Garnet-mica
schists in the Chah-Zard region. (d) Mylonitic granites in the Safahoo farm region — a frontal view of Garnet-mica schists (pic-
ture front) and amphibolites (dark areas) in the Chah-Zard region. (¢) Folding within the schists of the Safahoo farm region.

pared with small ones; this difference is clearly seen in
the AFM-diagram (Fig. 7).

Broken and shapeless Grt with a maximum diame-

ter of one centimeter which are typically chloritized
along broken edges have integrated primary Chl.

The N f,[ré varies between 8 and 18, and the percent-

ages of garnet end members are from 68 to 75% al-

mandine, 0 to 1% spessartine, 8 to 21% grossular, and
7 to 16% pyrope (Fig. 8).

Relatively intact staurolites with a diameter be-
tween 0.1 and 2.0 mm constitute approximately 6—7%

of the garnet-muscovite—staurolite schists. The N}g

varies from 0.3 to 0.12. The appearance of staurolite in
metapelites starts at an approximate temperature of
500°C and signifies the beginning of the amphibolite
facies (Masoudi et al., 2006). The absence of zoning in
the staurolite from the schists (Fig. 7) suggests the for-
mation and growth of this mineral during prograde

IMETPOJIOTUA TomMm 18
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A

Pelagic clays .
Jandagh metapelites

Fig. 3. Composition of Jandagh Metapelitic rocks in the
AFM-diagram (Bucher et al., 2002).

metamorphism occurring at a widely spaced isograde.
The presence of the assemblage Grt + St + Chl + Bt sig-
nifies that the reaction Grt + Chl/ = St + Bt has taken
place, and almost all Bt of these rocks (4—5%) is due
to this reaction.

THE THERMODYNAMIC CONDITION
OF LOCAL MINERAL EQUILIBRIUM

Metamorphic reactions, including net-transfer and
exchange reactions, provide insight into the P-T con-
ditions of metamorphism. To gain information in this

respect, it is necessary to analyze the minerals involved
in these reactions. In order to calculate the thermody-
namic parameters of mineral equilibrium, the Geo—
Path data bank was used (Perchuk et al., 1992). The
well-preserved growth zoning in the Grf of the rocks
shows an increase in Fe and Mn and a decrease in Mg
from core to rim. This suggests that the staurolite
schists of Jandagh were formed under amphibolite fa-
cies conditions and prior to their homogenization have
endured metamorphism of the higher amphibolite fa-
cies (Perchuk et al., 2007). Given the coexistence of
Grt and St and also Grt and Bt, the following exchange
reactions were used as thermometers:

GrtMg + BtFe = BtMg + Grt]:e, (4)
GI‘tMg + St]:e = StMg + GI"tFe. (5)

The microprobe analysis of Bf, Ms, Grt from the
mineral assemblage Qtz + Grt + Qtz + Ms + Kfs + Bt
shows a state of equilibrium in the reaction: Ms + Bt +
+ Otz = Grt + Kfs + H,0, which was used as a barom-
eter (Perchuk, 1990). The results of the geother-
mobarometry of these rocks on the basis of the Geo-
Path data bank are shown in Tables 2—4.

The thermobarometric study of Jandagh
metapelites allowed us to obtain their metamorphic
conditions within temperatures from 400 to 670°C and
pressures from 2 to 6.5 kbar. The P-T path of meta-
morphism is illustrated on Fig. 9. These results are
consistent with the paragenetic evidence.

Fig. 4. View of the Jandagh schists. (a) Garnet—muscovite schist, (b) quartz—muscovite schist, (c) garnet—muscovite—staurolite
schist, (d) garnet—muscovite—chlorite schist (all pictures taken with XPL light; magnification x 40).

MNETPOJIOTUA tom 18 Ne 3 2010
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Grt

Bt

@ Whole rock composition

Fig. 5. Position of Grt and Bt in the paragenetic AFM-dia-
gram. Whole rock composition was also included for com-
parison (Bucher et al., 2002).

CONCLUSIONS

The study of Jandagh metapelitic rocks shows that
these rocks can be divided into four categories based
on mineral assemblages: quartz—muscovite, quartz—
muscovite—biotite, garnet—muscovite—chlorite, and
garnet—muscovite—staurolite schists.

ol ®

Core Rim

Micropobe profile across Grt

N W R NN

| | | 1 1 1 | | |
0 100 200 300 400 500 600 700 800 90
Distance, um

TABATABAEI MANESH wu np.

In the quartz—muscovite—biotite schists the
Ms + Bt assemblage replaced Chl + Kfs via the net-
transfer reaction Chl + Kfs = Bt + Ms + Qtz + H,0.
The Jandagh garnet—muscovite—chlorite schists show
the first appearance of Grf cores. These garnets are ba-
sically composed of 58—76% almandine, 1—18% spes-
sartine, and 8—20% grossular after the net-transfer re-
action Ms + Bt + Qtz = Grt + Kfs + H,0.

The microprobe analysis along Grt in Jandagh
metapelites rocks shows that the Mg number of gar-
nets varies and increases from core to rim. This is a
feature of the prograde metamorphism of metapelitic
rocks. The well-preserved garnet growth zoning is a
sign that metapelites were rapidly cooled and later
metamorphic processes had no effect on them.

The appearance of staurolite in the garnet—musco-
vite—chlorite schists signifies the beginning of am-
phibolite facies. The absence of zoning in staurolite
from these schists suggests that the formation and
growth of this mineral occurred during prograde
metamorphism at a widely spaced isograde.

The presence of the Grt + St + Chl + Bt assemblage
shows that the formation of staurolite occurred via the net-
transfer reaction Grt + Chl = St + Bt. Thermobarometric

NCGrt
a
22
(c)

211

Micropobe profile across Grt
20K
19

Core ——» Rim
1 1 | 1 1 1 | ]

18 :
0 100 200 300 400 500 600 700 800 90
Distance, um

Fig. 6. (a) The BSI (back scattered image) of Grf and adjacent Chl in a sample of Jandagh metapelites, (b) and (c): the profile of

Mg and Ca in the Grt in contact with Chl.
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A

Fig. 7. Location of staurolite on the AFM-diagram. It is clearly seen that there is an increase of Mg from small to large Grt cores.

Nyt
20
(b)
18+ Micropobe profile across Grt
from core to rim
16 -
14 Rim

/

12+

10

JM5d
|

8 | | 1 1 | |
0 200 400 600 800 1000 1200 1400
Distance, um

Fig. 8. (a) BSI of Gr7 in Jandagh metapelites, (b) the profile of Grt from core to rim.
T,°C
0 100 200 300 400 500 600 700 800 900 1000

T T T T T

T T T T T

Hornfels

Granulite

Blueschist

[u—
(e
T

Eclogite

Fig. 9. Metamorphic path of the Jandagh metapelites on the facies diagram (Yardley, 1990).
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Table 2. Temperature calculation results for the four Grt + St
assemblages in Jandagh metapelites based on reaction (5)

TABATABAEI MANESH wu np.

Table 3. Temperature calculation results for the five Grt + Bt
assemblages in Jandagh metapelites based on reaction (4)

Xf,f . X&’; Temperature, °C Xf;[tg Xcl\j[r é Temperature, °C
0.12 0.09 611 0.46 0.04 408
0.45 0.05 42
0.12 0.09 617 J
0.45 0.08 495
0.11 0.08 614 0.41 0.08 534
0.03 0.08 670 0.42 0.13 606
Table 4. P-T parameters for the five Grt + Bt + Ms + Qtz assemblages in Jandagh metapelites
X, X X X P, kbar* T, °C**
0.46 0.04 0.93 0.54 2.04 442
0.45 0.05 0.94 0.50 2.17 518
0.45 0.08 0.92 0.52 3.94 564
0.41 0.09 0.91 0.41 5.86 552
0.42 0.13 0.95 0.49 6.4 626

* Pressure calculated on the basis of reaction (2).
** Temperature calculated on the basis of reaction (4).

estimates based on the above reactions show that Jandagh
metapelites were formed within a temperature range of
400—670°C and a pressure range of 2.0—6.5 kbar. These
results are consistent with the examination of mineral as-
semblages and show the effect of metamorphism of the
Jandagh pelitic sediments under greenschist and amphib-
olite facies conditions.
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