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main textures are granular, porphyritic, and poikilitic. In some cases,
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In the investigated monzodiorites, the presence of euhedral garnet
crystals with inclusions of igneous clinopyroxenes metasomatic
scapolite, and metasomatic phlogopite shows that these garnets are of
metasomatic origin, which formed due to the alteration of igneous
clinopyroxenes. All geochemical and petrographic evidences from the
studied garnets indicate that they have formed as a result of the intrusion
of Eocene monzodiotites into the carboniferous limestones (or
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EXTENDED ABSTRACT

Introduction

Garnet is a general mineral forms in metamorphic
rocks derived from the sedimentary and igneous
protoliths and at all metamorphic grades above the
greenschist facies (Baxter etal., 2017). However, the
presence of garnet in certain types of igneous rocks,
such as peraluminous granite and ultramafic rocks in
the upper mantle, introduces complexities in
unraveling the petrogenesis of garnets in igneous and
metamorphic rocks (Rong et al., 2018). Titanium-
rich garnets are enriched in andradite, occur in
various types of rocks, including a variety of igneous
rocks, encompassing trachytes and phonolites
(Dingwell and Brearley 1985), syenites and
carbonatites, nephelinites and tephrites (Gwalani et
al., 2000), as well as ultramafic lamprophyres,
rodingites (Schmitt et al., 2019); high temperature
metamorphic rocks and skarns.

The composition of titaniferous garnets besides their
paragenetic relationships is one of the significant
petrology factors (Chakhmouradian and
McCammon, 2005).

The study area is situated in the northwestern part of
the CEIM (northwestern part of the Yazd block), and
southwest of the Jandaq City. The rock units of the
Jandag area are mainly include Paleozoic
metamorphic rocks, Upper Paleozoic sedimentary
rocks, Cretaceous and Paleocene sediments, Eocene
intrusive rocks, Eocene subvolcanic (dikes) and
volcanic rocks (Jamshidzaei et al., 2021), the Pis-
Kuh upper Eocene sedimentary rocks (flysch), and
Early Oligocene lamprophyric rocks, and alkali
basalts (Torabi, 2010; Berra et al., 2017; Sargazi et
al., 2019; Jamshidzaei et al., 2021). In this paper, the
chemical characteristics of the monzodiorite stock
and origin of garnet mineral are discussed.

Material and methods

To determine the chemical compositions of
minerals, JEOL JXA-8800 WDS at the Department
of Earth Science, Kanazawa University, Kanazawa,
Japan was used. Chemical analyses of minerals was
performed under an accelerating voltage of 20 kV, a
probe current of 20 nA, and a focused beam diameter
of 3um. The ZAF program was used for data
correction. Natural minerals and synthetic materials
with well-characterized compositions serve as
standards for calibration and validation purposes.

The Fe**# and Mg# parameters of minerals are
represented by the atomic ratios of Fe?*/(Fe?*+Mg)
and Mg/(Mg+Fe?"), respectively. To recalculate the
FeO and Fe,Os; concentrations from Fe,O3,
recommended ratios of Middlemost (1989) is used.
The mineral abbreviations used in this context are
derived from Whitney and Evans (2010).

Results and discussion

The monzodiorites of the Godar-e-Siah area mostly
show fine to coarse-grained granular, porphyritic
and poikilitic textures. These rocks are mesocrate in
color, displaying massive and mineralogically
homogeneous nature in their outcrops. K-feldspars
are the primary minerals and garnet mineral is
imposed on these rocks. The main minerals of this
monzodiorite stock are plagioclase, K-feldspar,
clinopyroxene, phlogopite, and garnet, set in a fine-
grained matrix of feldspars. These rocks have mainly
granular, porphyritic, and poikilitic textures. In some
cases, these rocks contain euhedral to subhedral
garnet crystals with inclusions of igneous
clinopyroxene and groundmass minerals including
feldspar and graphite. These garnets have a
composition of Ti-garnet and Ca-melanite from the
solid solution series of andradite-grossular. Based on
the EPMA data, the clinopyroxenes show diopside
to hedenbergite compositions, indicating that two
types of clinopyroxene are in these rocks. The first
group of this mineral contain MgO (6.9-10.20 wt.%),
FeO*(11-16.88 wt.%), Al,O; (2-5.84), and Na,O
(1.1-1.9 wt.%), is reactive pyroxenes. The second
category contains MgO (9.98-12.89 wt.%), FeO*
(9.13-13.87 wt.%), Al,O3 (1.82-3.11 wt.%), and
Na:O (0.7-1.42% W1.%), is igneous pyroxenes.
Chemistry of the pyroxenes reveals that reactive
pyroxenes have higher concentrations of FeO* and
Al;O; than igneous pyroxenes. Chemistry of the
feldspars indicates that the K-feldspars is orthoclase
in composition. Also, chemical analyses of mica
show that these minerals contain high concentrations
of MgO (21.54-22.60 wt.%) and low values of Al,O3
(12.89-13.30 wt.%). The mica from the studied rocks
of the Jandaq area plots in the phlogopite field. The
garnet grains in these rocks contain 61.94-66.39
mol.% almandine (Fe;Al.Sis012), 18.60-23.40
mol.% grossular (CasAl2Siz012), 10.06-15.11 mol.%
pyrope (Mg.AlL:Sis012), and 1.09-4.32 mol.%
spessartine (Mn2Al;Si3;O12). These garnets have a
composition of Ti-garnet and Ca-melanite from the
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solid solution series of andradite-grossular. The
chemical zoning patterns of the studied garnets
confirm that these garnets have a non-magmatic
origin and metamorphic nature. The presence of
discontinuous chemical zoning and the pattern of
variations in the end-member compositions of these
garnets indicate that they were formed under
disequilibrium conditions accompanied by changes
in the environmental oxidation conditions. In the
studied monzodiorites, the presence of euhedral
garnet crystals with inclusions of igneous
clinopyroxenes, metasomatic  scapolite, and
metasomatic phlogopite shows that these garnets are
of metasomatic origin which formed due to the
alteration of igneous clinopyroxenes. The

geochemical characteristics and petrographic
evidences from the studied garnets; including the
presence of euhedral crystals with distinct
boundaries to contact minerals, the occurrence of
inclusions of background minerals and igneous
clinopyroxenes in the garnets, as well as the presence
of discontinuous chemical zoning, confirms that they
have formed as a result of the intrusion of Eocene
monzodiotites into the carboniferous limestones (or
dolomites), leading to the creation of endoskarn or
reactions skarn.
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Fig. 1. A: The location of Jandaq and Godar-e-Siah area on the map of geological divisions of Iran is taken from (modified
after Tadayon et al., 2017), B: Simplified geological map of the Jandaq area in the northwestern of Central-East Iranian
Microcontinent (CEIM) ( Berra et al., 2017) , and C: Simplified geological map of the Godar-e-Siah area (southwestern

Jandaq) ( Berra et al., 2017)
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Fig. 2. Field photographs of the monzodiorite in the southern Godar-e-Siah. A: General view of the sedimentary rocks,
monzodiorite and intermediate dikes in Godar-e Siah, B: General view of the volcanic rocks in contact to monzodioritic
stock, C and D: The presence of intermediate dikes in monzodiorites and their association with volcanic rocks, and E:
The outcrop of trachy andesitic dikes in contact to monzodiorites
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Fig. 3. Photomicrographs of the rock-forming minerals of the monzodiorites in the southern Godar-e-Siah. A: Porphyritic
texture and the presence of garnet and clinopyroxene in a matrix of feldspars (XPL), B: Clinopyroxene formed by reaction
around of the phlogopite (Corona texture) (XPL, C and D: Clinopyroxene inclusions of the garnet are situated in parallel
to the crystallographic planes of the host garnet (PPL, XPL), E: Presence of potassium feldspar, clinopyroxene and garnet
in the studied monzodiorites (XPL), and F: Presence of the scapolite, which was created by alteration of the feldspars
(XPL). Abbreviations after Whitney and Evans (2010) (Cpx: Clinopyroxene, Grt: Garnet, SCP: Scapolite, Kfs:
potassium feldspar, Phl: phlogopite).
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Fig. 4. Photomicrographs of garnets and associated minerals in the monzodiorites of the southern Godar-e-Siah. A and
B: Chemical zoning in the studied garnets (PPL and XPL), C: Garnet with poikiloblastic texture (XPL), and D: The
presence of concentric mineral inclusions within the garnet (XPL). Abbreviations after Whitney and Evans (2010) (Cpx:

Clinopyroxene, Grt: Garnet).
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Table 1. Microprobe analyses (wt.%) and calculated structural formula of clinopyroxenes (Basis on 6 oxygen atoms) in
the monzodiorites from south of Godar-e Siah

Sample B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 156" 157" 158 159" 351" 363 369
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO: 49.43 49.49 51.57 49.58 48.16 51.00 51.38
TiO: 0.47 0.35 0.36 0.35 0.87 0.23 0.24
Al203 2.93 2.75 1.82 3.58 5.84 2.57 2.34
FeO" 13.85 14.07 9.31 12.38 11.04 12.01 10.93
MnO 0.62 0.59 0.41 0.53 0.39 0.56 0.48
MgO 9.16 9.27 12.89 9.90 10.20 10.01 10.78
CaO 22.53 21.88 23.17 22.44 22.10 22.72 23.00
Na:0O 1.24 1.68 0.72 1.19 1.28 0.89 0.84
K20 0.00 0.01 0.01 0.02 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Total 100.23 100.09 100.26 99.97 99.89 99.99 99.99
Oxygen # 6 6 6 6 6 6 6

Si 1.873 1.871 1.918 1.871 1.807 1.930 1.935
Ti 0.013 0.010 0.010 0.010 0.025 0.007 0.007
Al V) 0.127 0.122 0.080 0.129 0.193 0.070 0.065
Al VD 0.004 0.000 0.000 0.030 0.065 0.044 0.039
Fe?* 0.253 0.206 0.173 0.224 0.174 0.302 0.271
Fe¥* 0.186 0.238 0.117 0.167 0.172 0.078 0.073
Mn 0.020 0.019 0.013 0.017 0.012 0.018 0.015
Mg 0.518 0.523 0.715 0.557 0.570 0.565 0.605
Ca 0.915 0.886 0.923 0.907 0.888 0.921 0.928
Na 0.091 0.123 0.052 0.087 0.093 0.065 0.061
K 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Cation 4.000 4.000 4.000 3.999 4.000 4.000 4.000
WO 48.37 47.33 47.58 48.47 48.88 48.90 49.03
EN 27.36 27.90 36.83 29.75 31.39 29.98 31.97
FS 24.26 24.77 15.59 21.78 19.74 21.13 19.00
WEF 90.34 86.90 94.61 90.73 89.83 93.26 93.68
JD 0.21 0.00 0.00 1.42 2.78 2.45 2.19
AE 9.45 13.10 5.39 7.85 7.39 4.29 4.13

*Reactive Cpx
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Table 1 (Continued). Microprobe analyses (wt.%) and calculated structural formula of clinopyroxenes (Basis on 6
oxygen atoms) in the monzodiorites from south of Godar-e Siah
Sample B428-1  B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 371 372" 375" 378 379 46 47"
Mineral Cpx Cpx Cpx Cpx Cpx Cpx Cpx
SiO2 50.78 49.76 49.58 51.75 51.60 51.01 50.54
TiO2 0.32 0.49 0.34 0.38 0.41 0.38 0.43
Al20s 1.90 2.09 3.16 2.87 2.89 3.11 2.08
FeO" 13.87 16.69 14.01 9.47 9.63 11.71 16.88
MnO 0.65 0.76 0.67 0.33 0.30 0.55 0.76
MgO 9.22 7.42 8.59 11.76 11.82 9.98 6.91
CaO 22.00 20.85 22.01 22.03 22.01 22.18 20.22
Na20 1.16 1.83 1.30 1.42 1.41 0.97 1.94
K20 0.00 0.01 0.00 0.00 0.00 0.01 0.03
NiO 0.00 0.00 0.02 0.00 0.01 0.00 0.00
Total 99.90 99.90 99.68  100.01 100.08  99.90 99.79
Oxygen # 6 6 6 66 6 6 6

Si 1.935 1.911 1.893 1.926 1.919 1.929 1.947
Ti 0.009 0.014 0.010 0.011 0.011 0.011 0.012
Al V) 0.065 0.089 0.107 0.074 0.081 0.071 0.053
Al VD 0.020 0.006 0.035 0.051 0.045 0.068 0.041
Fe?* 0.330 0.344 0.299 0.191 0.185 0.318 0.411
Fe* 0.112 0.192 0.148 0.104 0.114 0.052 0.133
Mn 0.021 0.025 0.022 0.010 0.009 0.018 0.025
Mg 0.524 0.425 0.489 0.652 0.655 0.563 0.397
Ca 0.898 0.858 0.900 0.878 0.877 0.899 0.835
Na 0.086 0.136 0.096 0.102 0.102 0.071 0.145
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Cation 4.000 4.000 4.000 4.000 4.000 4.000 3.999
WO 47.65 46.54 48.45 47.84 47.63 48.60 46.36
EN 27.79 23.04 26.31 35.54 35.59 30.43 22.05
FS 24.56 30.42 25.24 16.62 16.78 20.98 31.59
WEF 91.18 85.84 89.88 89.42 89.47 92.67 85.19
JD 1.35 0.40 1.94 3.49 3.00 4.15 3.50
AE 7.47 13.76 8.18 7.09 7.54 3.19 11.31

*Reactive Cpx
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Fig. 5. Geochemical plots of the clinopyroxenes in the monzodiorites of the southern Godar-e-Siah. A: Q-J diagram of
clinopyroxenes (Morimoto, 1989), and B: Wo-En-Fs classification diagram of pyroxenes(after Deer et al., 1992)
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Table 2. Microprobe analyses (wt.%) and calculated structural formula of K-feldspar, scapolite and phlogopite (Basis on
22 oxygen atoms) in the monzodiorites from south of Godar-e Siah

Sample B428 B428 B428 B428-1 Sample B428-1 B428-1 B428-1 Sample B428 B428
Analysis 361 362 364 48 Analysis 352 365 370 Analysis 350 373
Mineral  Kfs Kfs Kfs Kfs Mineral Scp Scp Scp Mineral Phl Phl
SiO: 65.67 65.67 65.76 66.72 SiO; 54.38 52.68 53.61 SiO; 40.74  40.63
TiO2 0.00 0.00 0.04 0.02 TiO; 0.01 0.00 0.00 TiO2 1.28 1.55
AlOs 18.63 1858 18.67 18.79 Al;Os 26.42 27.04 26.81 Al03 13.30 12.89
FeO" 0.48  0.30 0.62 0.52 FeO" 0.59 0.58 0.22 Cr,03 0.64 0.57
MnO 0.01 0.04 0.02 0.02 MnO 0.00 0.02 0.00 FeO" 6.69 8.33
MgO 0.00 0.00 0.00 0.00 MgO 0.07 0.38 0.03 MnO 0.23 0.34
CaO 0.06  0.05 0.04 0.06 Ca0 0.31 0.24 0.18 MgO 22.60 2154
Na:O 291  3.06 3.29 3.56 Na.O 11.18 12.62 13.23 CaO 0.01 0.00
K20 12.01 1211 1154 10.32 K20 0.04 0.05 0.04 Na2O 0.44 0.49
Total 99.77 99.81 99.98 100.01 Total 93.00 93.61 94.12 K20 10.00 9.84
Oxygen# 8 8 8 8 Oxygen# 24 24 24 Total 95.93 96.18
Si 2998 2998 2994 3.011 Si 7.802 7.581 7.663  Oxygen# 22 22
Ti 0.000 0.000 0.001 0.001 Al 4.464 4.583 4513 Si 5556  5.570
Al 1.002 0.999 1.001 0.999 Ti 0.001 0.000 0.000 Ti 0.131  0.160
Fe?* 0.018 0.011 0.024 0.020 Fe?* 0.071 0.070 0.026 Al 2.136  2.081
Fe®* 0.000 0.000 0.000 0.000 Mn 0.000 0.002 0.000 AIVD 0.000  0.000
Mn 0.000 0.002 0.001 0.001 Mg 0.015 0.082 0.006 Fe3* 0.000  0.000
Mg 0.000 0.000 0.000 0.000 Ca 0.048 0.037 0.028 Fe? 0.763  0.955
Ca 0.003 0.002 0.002 0.003 Na 3.110 3.522 3.667 Cr 0.069  0.062
Na 0.258 0.271 0.290 0.312 K 0.007 0.009 0.007 Mn 0.027  0.039
K 0.699 0.705 0.670 0.594 Sum 15518 15.886 15.910 Mg 4595  4.402
Sum 4978 4988 4983 4941 Ca 0.001  0.000
An 030 0.20 0.20 0.30 Na 0.116  0.130
Ab 2690 27.70 30.10 34.30 K 1740 1721
Or 7280 72.07 69.60 65.30 Sum 15.134 15.120
Fe # 0.14 0.18
Mg # 0.86 0.82
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Fig. 6. Classification diagrams of the feldspars and micas in the monzodiorites of the southern Godar-e-Siah. A: Chemical
classification diagram of feldspars (after Deer et al., 1992) , B: Ternary diagram for classification of the micas (Foster,

1960), C: Diagram for determination of the nature of mica ( Nachit, 1986) , and D: Ternary plot for discrimination of the
primary, reequilibrated and neoform micas (Nachit et al., 2005) .
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Table 3. Microprobe analyses (wt.%) and calculated structural formula of garnets (Basis on 12 oxygen atoms) in the

monzodiorites from south of Godar-e Siah

Sample  B428 BA28 BA28  BA’8  B428 BA28  B428 B428 B428  B428 B8
Analysis 353 354 355 356 357 358 359 360 366 367 368
Point z1 72 73 z4 75 76 71 78 71 72 73
Part Core Rim Core Rim Rim
Si0, 3714 3699 3719 3857 37.56 3716 3457 3426 37.07 3641 3422
Tioe 223 288 280 133 285 338 458 506 348 394 500
ALO: 638 678 829 1073 867 812 195 188 781 634 196
Cr.0: 000 000 000 000 000 000 000 000 000 001 000
FeO* 1880 1858 1656 1504 1605 1651 2413 2398 1653 1885 23.78
MnO 047 037 047 061 044 039 051 053 041 055 051
MgO 045 050 042 039 044 047 031 034 046 044 034
CaO 3386 3368 3380 3368 3381 3413 3260 3231 3397 3300 3243
Na2O 004 002 006 004 007 009 008 012 009 005 0.0
Total 9937 99.80 9968 10039 99.89 10025 98.73 9848 99.82 99.67 98.34
Oxyger# 12 12 12 12 2 12 12 12 12 12 12
Si 2087 2963 2965 3024 2983 2948 2867 2851 2956 2934 2850
Ti 0135 0174 0168 0078 0170 0202 0286 0317 0209 0239 0313
Cr 0000 0000 0000 0000 0000 0000 0000 0000 0000 0001 0.000
A 0013 0037 0035 0000 0017 0052 0133 0149 0044 0066 0.150
AIM) 0591 0603 0743 0991 0794 0706 0057 0035 0690 0535 0.042
Fed* 1157 1088 0964 0808 0891 0954 1517 1500 0948 1059 1497
Fe* 0108 0157 0140 0178 0175 0141 0157 0169 0154 0212  0.159
Mn 0032 0025 0032 0041 0030 0026 0036 0037 0028 0038 0036
Mg 0054 0060 0050 0046 0052 0056 0038 0042 0055 0053 0042
Ca 2017 2891 2894 2829 2877 2901 2897 2881 2903 2857 2894
Na 0006 0003 0009 0006 0011 0014 0013 0019 0014 0008 0016
Cation 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000 8000
And 63030 60866 53215 42628 51071 53953 87.533 87.838 55085 62481 87.355
Grs 33461 35677 43515 54050 45645 42740 9233 8664 41554 33764 9219
Prp 2198 2433 1998 1758 2093 2247 1671 1854 2230 2195  1.849
Sps 1304 1023 1270 1562 1189 1059 1562 1642 1129 1559 1576
Ti-si 0013 0037 0035 0000 0017 0052 0133 0149 0044 0066 0.5
Tngz(Fes+)' 042 0137 0133 0078 0153 015 0153 0168 0165 0173 0.163
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Table 3 (Continued). Microprobe analyses (wt.%) and calculated structural formula of garnets (Basis on 12 oxygen
atoms) in the monzodiorites from south of Godar-e Siah

Sample B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1 B428-1

Analysis 160 161 162 163 164 165 43 44 45
Point Z1 Z2 Z3 Z4 Z5 Z6 Z1 Z2 Z3
Part Core Rim Core Rim Rim
SiO: 35.55 36.74 37.07 35.83 36.60 34.16 37.29 37.90 35.12
TiO: 4.20 2.43 2.08 3.86 2.66 491 341 3.05 5.89
Al20s 7.05 7.69 8.19 531 8.78 2.07 6.47 7.90 1.94
Cr20s 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
FeO* 18.17 18.19 17.64 20.26 16.67 24.53 18.21 16.77 23.44
MnO 0.56 0.51 0.49 0.40 0.43 0.52 0.41 0.45 0.54
MgO 0.41 0.41 0.42 0.52 0.41 0.40 0.43 0.51 0.36
CaO 33.73 33.69 34.15 33.51 33.88 32.78 33.22 33.11 32.25
Na:O 0.09 0.05 0.08 0.08 0.12 0.10 0.06 0.06 0.13
Total 99.76 99.71 100.1 99.77 99.55 99.47 99.50 99.75 99.67
Oxygen# 12 12 12 12 12 12 12 12 12
Si 2.855 2.937 2.942 2.891 2.917 2.813 3.001 3.024 2.889
Ti 0.254 0.146 0.124 0.234 0.159 0.304 0.206 0.183 0.365
Cr 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000
AltV) 0.145 0.063 0.058 0.109 0.083 0.187 0.000 0.000 0.111
AlVD 0.522 0.661 0.707 0.396 0.741 0.013 0.613 0.742 0.077
Fed* 1.127 1.115 1.113 1.252 1.040 1.581 0.979 0.850 1.324
Fe?* 0.093 0.101 0.057 0.115 0.071 0.108 0.247 0.269 0.288
Mn 0.038 0.035 0.033 0.027 0.029 0.036 0.028 0.030 0.038
Mg 0.049 0.049 0.050 0.063 0.049 0.049 0.052 0.061 0.044
Ca 2.903 2.886 2.903 2.897 2.893 2.892 2.865 2.831 2.843
Na 0.014 0.008 0.012 0.013 0.019 0.016 0.009 0.009 0.021
Cation 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
And 59.63 56.94 54.93 68.61 51.58 87.04 61.31 53.95 87.16
Grs 36.85 39.75 41.82 27.66 45.37 9.28 35.34 42.28 9.11
Prp 1.97 1.93 1.94 2.59 1.90 2.11 2.16 2.50 2.00
Sps 1.53 1.36 1.29 1.13 1.13 1.55 1.17 1.25 1.71
Til\/-lrgl £|§193+)- 0.145 0.063 0.058 0.109 0.083 0.187 0.000 0.000 0.111

) 0.159 0.083 0.066 0.125 0.076 0.117 0.206 0.183 0.254
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Fig. 7. Chemical diagrams of the garnets in the monzodiorites of the southern Godar-e-Siah. A: The ternary diagram of
And- Gross- (Pyrope + Alm + Spess) and values of garnet end-member, B: Distribution of the degree of substitution of
Ti-Si versus TiMg[Fe®*"].- in Ti-bearing andradites of Godar-Siah and comparison with Zipa Mountain skarns in the
Canadian Cordillera (Rusell, 1999), C: Chemical composition of garnets in the Ti/Fe®*/Al and Ca/Fe**/Al ternary

diagrams, D: TiO; values in the garnets from the various areas. Data are from Dingwell and Brearley (1985), E and F:
Negative correlation between Si/Ti and Al/Fe values in the studied garnets
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Fig. 9. Zoning patterns of the end members content (Mole%) in the zoned garnets (sample number B-428) of the southern
Godar-e-Siah from the core to the rim; A: Andradite, B: Grossular, C: Comparison of andradite and grossular values, and

D: Comparison of spessartine and pyrope contents
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