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Introduction

In the northeastern part of the Isfahan province and 65 km northeast of
the Anarak city (Kal-e-Kafi area), an I-type granitoid pluton cross cut
the Paleozoic metamorphic rocks and Eocene volcanic rocks. In the
contact of this granitoid body with sourrounding rock units, skarn and
hornfels have been formed (Ahmadian, 2012; Ranjbar, 2010). The Kal-
e-Kafi Eocene intrusive body presents a wide range of mineralogical and
petrological compositions, from gabbro to alkali-feldspar granite.
Presence of mafic to acidic rocks in this mostly-granitoid body indicates
that fractional crystallisation has played an important role during magma
evolution. The field and petrographical studies indicate the presence of
anorthosite veins within the gabbro section. The mafic and basic parts
of this pluton have not been studied yet. The mineralogy and chemistry
of rock-forming minerals in the anorthosites and gabbros are the subject
of this research study.

Analytical Methods

The mineralogical and petrographical studies have been done by using
Olympus BH-2 polarizing microscope in the mineralogy laboratory of
the University of Isfahan. EPMA and LA-ICP-MS analyses were used
to obtain chemical characteristics of rock-forming minerals. Major-
elements composition of minerals were performed by JEOL JXA-8800,
WDS microprobe electron analyzer with accelerator voltage of 15 kV,
current of 15 nmA, diameter of 3 um, and a counting time of 40 seconds
at the Kanazawa University of Japan.
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Natural and synthetic minerals and compounds were
used as standards. The ZAF program was used for
data correction.

Trace element values of plagioclases and
clinopyroxenes were analyzed by LA-ICP-MS (laser
ablation-inductively coupled plasma-mass
spectrometry) using an ArF 193 nm Excimer Laser
coupled to an Agilent 7500S at the Earth Science
Department of the Kanazawa University, Japan. The
diameter of the analyzed points was 110 pm at 10 Hz
with energy density of 8 J/cm2 per pulse.

Mineral abbreviations in tables and
photomicrographs are adopted from Whitney and
Evans (2010).

Results and Discussion

The Eocene Kal-e-Kafi pluton includes a wide range
of rocks from gabbro to alkali-feldspar granite,
which points to an extensive magmatic differntiation.
Field relationships indicate presence of at least 4
magmatic phases, and gabbro is the first and oldest
phase. The most predominant rock unit in the Kal-e-
Kafi intrusive body is granitoid. However, in the
northern parts, the gabbro and anorthosite present
substantial exposures. The anorthosites and gabbros
are associated with each other in the field.
Anorthositic veins with up to 15 cm thickness cut the
gabbro.

Gabbro is composed of bytownite and anorthite
plagioclase (An= 84 — 94 %; some of them have been
altered to bytownite, andesine and oligoclase),
clinopyroxene (diopside, Mg#= 0.75), orthoclase
(Orogs), apatite, magnetite, and prehnite. Anorthosite
rock-forming minerals are anorthite plagioclase
(An= 89 — 95 %; some anorthite plagioclase have
been altered to bytownite and labradorite), sphene
and zircon. The main texture of these rocks are
granular, intergranular and poikilitic. Field studies
suggest that anorthosites are associated with gabbros
which have filled the fractures of gabbros.

Very simmilar petrography and  chemical
composition of plagioclases in the anorthosites and

gabbros possibly reveal their cogenetic nature. It
seems that the primary magma in the magma
chamber, first crystallized the clinopyroxene and
plagioclase, which caused formation of gabbros. In
the next stage, by occurrence of a tectonic activity,
the gabbros have broken and the remaining magma
which was rich in plagioclase components,
crystallized the anorthosites in the fractures. This
reveals that the anorthosites of the study area are the
plagioclase rich part of the primary basic magma
which have formed the gabbros.

According to the field relationships, it is generally
believed that anorthosites are differentiates of
gabbroic magmas. The studied anorthosite veins and
gabbros of the Kal-e-Kafi area are consanguineous.
These anorthosites are perhaps generated by the
process of collection of plagioclase crystals from a
gabbroic magma under the action of gravity and
tectonic activity (filter pressing).

Pyroxene is one of the common minerals. The
chemical composition of this mineral provides
valuable information about the nature of magma,
H20 content, Oxygen fugacity, type of magmatic
series, tectonic setting, as well as temperature and
pressure of crystallisation (Schweitzer et al., 1979;
Leterrier et al., 1982; D’Antonio and Kristensen,
2005).

Chemistry of clinopyroxens within the gabbros of the
Kal-e-Kafi area shows that the parental magma
belongs to the sub-alkaline and calc-alkaline
magmatic series and these rocks are similar to those
of volcanic arcs. The time and place of formation of
these plutonic rocks possibly indicate that they are
formed by subduction of the Central-East Iranian
Microcontinent (CEIM) — confining oceanic crust
beneath the CEIM.
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Fig. 1. Simplified geological map of the Kal-e-Kafi area (Adapted from Kaboudan 1:100000 geological map, by Aistov

et al., 1984; slightly modified)
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Fig. 3. A and B: The anorthosite veins within the gabbros of the Kal-e-Kafi pluton, C and D: clearly show that some
anorthosite veins cross cutted the each other.
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Fig. 4. Photomicrographs of gabbros including anorthosite veins of the Kal-e-Kafi area (XPL). A, B and C: Growth grains
Clinopyroxene and Plagioclase with Apatite inclusions, and D: Clinopyroxene and Plagioclase with medium size.
Abbreviations after Whitney and Evans (2010) (Cpx: Clinopyroxene, Pl: Plagioclase, Ap: Apatite).
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Fig. 5. Photomicrographs of rock-forming minerals of the Kal-e- Kafi anorthosites (XPL). A and B: Anorthosite with
granular texture, C and D: Anorthosite with high values of Plagioclase. Sphene and Clinopyroxene are minor minerals.
Abbreviations after Whitney and Evans (2010) (PI: Plagioclase, Cpx: Clinopyroxene, Spn: Sphene).
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Table 1. Electron microprobe analyses (wt.%) and calculated structural formula of the feldspars (based on the 8 Oxygens)
in the Kal-e-Kafi mesogabbros and anorthosites.

Rock Type Gabbro
Sample no. B811-3 B811-3 B811-3 B811-3 B811-3 B811-3 B811-3 B811-3 B811-3 B81l-1
Point no. 45 46 48 49 47 51 52 59 63 21
SiO, 65.93 6549 6555 6578 6357 6441 6189 56.69 56.13 49.83
TiO; 0.00 0.00 0.02 0.00 0.02 0.01 0.02 0.00 0.00 0.00
Al;03 18.30 1831 1820 18.14 2212 2219 2354 2652  26.55 32.08
FeO* 0.07 0.10 0.05 0.20 0.21 0.24 0.27 0.35 0.25 0.11
MnO 0.01 0.03 0.02 0.01 0.00 0.00 0.01 0.02 0.00 0.00
MgO 0.01 0.02 0.00 0.00 0.00 0.04 0.13 0.30 0.16 0.01
CaO 0.01 0.04 0.01 0.01 3.68 3.74 5.39 7.57 8.99 14.72
Na.0 1.15 2.52 0.68 0.94 9.43 9.38 8.19 7.27 6.27 2.74
K20 15.02 13.44 15.73 15.45 0.44 0.30 0.57 0.76 0.27 0.62
Sum 100.50 99.94 100.25 10053 99.47 100.31 100.01 99.49  98.63 100.12
Oxygen# 8 8 8 8 8 8 8 8 8 8
Si 3.014 3.001 3013 3.014 2828 2837 2752 2567 2558 2.274
Ti 0.000 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000
Al 0.985 0.988 0.985 0.979 1.159 1.151 1.232 1.414 1.425 1.724
Fe3* 0.003 0.004 0.002 0.008 0.008 0.009 0010 0.013 0.010 0.004
Fe?* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Mg 0.001 0.002 0.000 0.000 0.000 0.003 0009 0.020 0.011 0.000
Ca 0.000 0.002 0.000 0.000 0176 0.177 0257 0367 0.439 0.720
Na 0.102 0224 0.060 0.083 0813 0.801 0706 0.639 0.554 0.242
K 0876 0786 0.923 0903 0.025 0.017 0.033 0.044 0.016 0.036
Sum 4981 5008 498 4987 5010 4995 5000 5065 5.013 5.000

End Members:
Albite 10.400 22.100 6.100 8.400 80.200 80.500 70.900 60.900 54.900 24.200
Anorthite 0.000 0.200 0.000 0.000 17.400 17.800 25.800 35.000 43.500 72.100
Orthoclase ~ 89.600 77.700 93.900 91.600 2.400 1.700 3.300 4.100  1.600 3.700

Classification Orthoclase Oligoclase Andesine Bytownite
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Table 1 (Continued). Electron microprobe analyses (wt.%) and calculated structural formula of the feldspars (based on
the 8 Oxygens) in the Kal-e-Kafi mesogabbros and anorthosites.

Rock Type  Gabbro Anorthosite
Sampleno. B811-1 B811-1 B811-1 B811-1 B811-2 B811-2 B8l11-1 B811-3 B811-3
Point no. 15 16 18 19 36 43 24 56 58

SiO; 46.64 44.90 44.38 43.92 44.27 44.19 52.07 52.98 54.40

TiO; 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00

Al;03 33.84 34.79 35.18 34.02 35.41 35.42 30.09 29.83 28.52

FeO* 0.29 0.27 0.17 1.23 0.18 0.20 0.11 0.23 0.17

MnO 0.01 0.00 0.00 0.07 0.01 0.00 0.02 0.00 0.01

MgO 0.03 0.03 0.02 0.00 0.02 0.00 0.00 0.03 0.03

Cao 16.64 18.54 19.07 19.75 19.13 19.37 13.10 12.51 10.37

Na.0 0.68 0.92 0.75 0.70 0.54 0.74 3.89 4.36 4.99

K20 1.66 0.11 0.01 0.02 0.18 0.06 0.74 0.07 1.11

Sum 99.78 99.55 99.59 99.70 99.72 99.97  100.01  100.02 99.61

Oxygen# 8 8 8 8 8 8 8 8 8
Si 2.157 2.083 2.060 2.055 2.054 2.047 2.371 2.400 2.472
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Al 1.843 1.901 1.923 1.875 1.934 1.933 1.613 1.591 1.526

Fes* 0.011 0.011 0.006 0.048 0.007 0.008 0.004 0.009 0.006
Fe?* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.003 0.000 0.000 0.001 0.000 0.001
Mg 0.002 0.002 0.002 0.000 0.001 0.000 0.000 0.002 0.002
Ca 0.825 0.922 0.949 0.990 0.951 0.961 0.639 0.607 0.505
Na 0.061 0.083 0.068 0.063 0.048 0.066 0.343 0.383 0.440
K 0.098 0.006 0.001 0.001 0.011 0.004 0.043 0.004 0.064
Sum 4.997 5.008 5.009 5.035 5.006 5.019 5.014 4.997 5.016
End members:

Albite 6.200 8.200 6.700 6.000 4.800 6.400 33.500 38.500 43.600
Anorthite 83.800 91.200 93.200 93.900 94.200 93.200 62.300 61.100 50.000
Orthoclase 10.000  0.600 0.100 0.100 1.000 0.400 4.200 0.400 6.400

Classification Anorthite Labradorite
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Table 1 (Continued). Electron microprobe analyses (wt.%) and calculated structural formula of the feldspars (based on
the 8 Oxygens) in the Kal-e-Kafi mesogabbros and anorthosites.

Rock Type Anorthosite
Sample no. B811-1 B811-3 B811-3 B811-1 B811-1 B811-1 B811-1 B811-2
Point no. 28 53 54 25 26 27 29 42

SiO, 45.24 47.32 4741 45.26 44.04 43.94 44.55 4451

TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al,03 34.50 33.38 33.26 35.19 34.79 35.28 35.08 34.93

FeO* 0.15 0.24 0.21 0.20 0.20 0.21 0.21 0.15

MnO 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.00

MgO 0.00 0.01 0.01 0.02 0.00 0.00 0.00 0.00

CaOo 17.99 16.83 16.96 18.33 19.87 19.62 19.09 18.62

NazO 1.63 1.99 1.85 0.73 0.56 0.47 0.56 1.17

K20 0.03 0.02 0.02 0.27 0.31 0.08 0.01 0.01
Sum 99.55 99.80 99.74 100.00 99.77 99.60 99.51 99.38
Oxygen# 8 8 8 8 8 8 8 8
Si 2.098 2177 2.182 2.087 2.051 2.044 2.068 2.070
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 1.884 1.809 1.803 1.911 1.908 1.933 1.918 1.913
Fe%* 0.006 0.009 0.008 0.008 0.008 0.008 0.008 0.006
Fe?" 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Mg 0.000 0.001 0.001 0.001 0.000 0.000 0.00 0.000
Ca 0.894 0.830 0.836 0.906 0.991 0.978 0.950 0.928
Na 0.146 0.178 0.165 0.065 0.050 0.042 0.050 0.106
K 0.002 0.001 0.001 0.016 0.018 0.005 0.000 0.000
Sum 5.030 5.005 4.996 4.994 5.026 5.010 4.995 5.023
End Members:

Albite 14.000  17.600 16.500 6.600 4.700 4.100 5.000 10.300
Anorthite 85.800  82.300 83.400 91.800 93.600 95.400 95.000 89.700
Orthoclase 0.200 0.100 0.100 1.600 1.700 0.500 0.000 0.000

Classification Bytownite Anorthite
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Table 2. Electron microprobe analyses (wt.%) and calculated structural formula of the clinopyroxenes (based on the 6
Oxygens) in the Kal-e-Kafi mesogabbros.

Rock Type Gabbro
Sample no. B811-1 B811-1 B811-1 B811-1 B811-1 B811-1 B811-1 B811-1 B811-1
Point no. 10 11 17 20 22 23 7 8 9
SiO, 52.42 52.08 52.60 52.43 52.37 52.82 52.13 52.83 52.65
TiO; 0.04 0.09 0.07 0.08 0.07 0.06 0.08 0.06 0.08
Al,O3 1.16 1.00 1.06 1.08 0.81 0.83 1.20 0.79 1.27
Cr.03 0.05 0.04 0.03 0.00 0.06 0.00 0.06 0.04 0.07
FeO* 8.29 8.71 8.21 7.94 9.53 8.47 8.26 8.70 8.26
MnO 0.85 0.74 0.85 0.80 0.82 0.73 0.81 0.65 0.85
MgO 12.64 12.55 12.60 13.01 11.88 12.93 12.81 12.80 12.38
CaO 24.53 24.04 24.50 24.45 24.32 23.87 24.27 23.93 2431
Na,O 0.17 0.30 0.25 0.24 0.19 0.31 0.22 0.29 0.25
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
NiO 0.00 0.00 0.03 0.00 0.07 0.01 0.03 0.00 0.04
Sum 100.15 99.54 100.19  100.03  100.11 100.03 99.89  100.08 100.15
Oxygen# 6 6 6 6 6 6 6 6 6
Si 1.960 1.960 1.966 1.957 1.971 1.974 1.952 1.976 1.970
Ti 0.001 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002
AIV) 0.040 0.040 0.034 0.043 0.029 0.026 0.048 0.024 0.030
AIVD 0.011 0.004 0.012 0.005 0.007 0.011 0.005 0.011 0.026
Cr 0.002 0.001 0.001 0.000 0.002 0.000 0.002 0.001 0.002
Fed* 0.036 0.052 0.036 0.051 0.029 0.034 0.053 0.030 0.016
Fe?* 0.223 0.222 0.221 0.197 0.270 0.231 0.206 0.243 0.242
Mn 0.027 0.024 0.027 0.025 0.026 0.023 0.026 0.021 0.027
Mg 0.705 0.704 0.702 0.724 0.667 0.721 0.715 0.714 0.691
Ca 0.983 0.969 0.981 0.978 0.981 0.956 0.974 0.959 0.975
Na 0.012 0.022 0.018 0.017 0.014 0.023 0.016 0.021 0.018
K 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Ni 0.000 0.000 0.001 0.000 0.002 0.000 0.001 0.000 0.001
Sum 4.000 4.000 4.000 4.000 4.000 4.000 3.999 4.000 4.000
Fe# 24.03 23.97 23.94 21.39 28.82 24.26 22.37 25.39 25.94
Mg# 75.97 76.03 76.06 78.61 71.18 75.74 77.63 74.61 74.06

End Members:
Wollastonite ~ 49.796 49.183 49.882 49511  49.703 48.669  49.344 48.799  49.961
Enstatite 35.702 35.719 35.706 36.662  33.779 36.687  36.246 36.307 35.405
Ferrosillite 14.502 15.098 14.412  13.827 16.518 14.644 14410 14.894 14.634
Classification Diopside
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Table 2 (Continued). Electron microprobe analyses (wt.%) and calculated structural formula of the clinopyroxenes
(based on the 6 Oxygens) in the Kal-e-Kafi mesogabbros.

Rock Type Gabbro

Sampleno. B811-2 B811-2 B811-2 B811-2 B811-2 B811-3 B811-3 B811-3

Point no. 33 34 38 41 44 50 60 62
SiO, 5202 5235 5115 5235 5222 5225 5258 53.49
TiO, 0.07 0.10 0.08 0.11 0.05 0.07 0.03 0.07
Al203 1.32 1.52 1.23 1.50 0.83 0.56 0.41 0.67
Cr,03 0.00 0.01 0.01 0.05 0.00 0.00 0.04 0.07
FeO* 8.61 8.15 10.42 7.95 1059 10.76  10.86 9.52
MnO 0.88 0.91 0.92 0.80 1.06 0.67 0.54 0.59
MgO 12.35 12.67 11.30 12.74 11.18 12.63 11.70 13.24
CaO 2460 2466 2479 2481 2428 2263 2335 22.65
Na20O 0.16 0.13 0.15 0.16 0.19 0.29 0.39 0.44
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05
NiO 0.00 0.02 0.01 0.05 0.05 0.02 0.04 0.00
Sum 100.02 100.50 100.07 100.53 100.43 99.87  99.93 100.78

Oxygen# 6 6 6 6 6 6 6 6

Si 1.951 1950 1933 1948 1969 1969  1.986 1.986
Ti 0.002 0.003 0.002 0.003 0.001 0.002 0.001 0.002
Al 0.049 0.050 0.055 0.052 0.031 0.025 0.014 0.014
AIVD 0.009 0.017 0.000 0.014 0.006 0.000 0.004 0.015
Cr 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.002
Fe3* 0.047 0.036 0.08 0.042 0.036 0.055 0.035 0.027
Fe?* 0.223 0.217 0.243 0206 0.298 0.284 0.308 0.268
Mn 0.028 0.029 0.030 0.025 0.034 0.022 0.017 0.018
Mg 0691 0704 0.637 0707 0.628 0.709  0.659 0.733
Ca 0989 0984 1003 0989 0981 0913 0.945 0.901
Na 0.011 0.009 0.011 0.011 0.014 0.021 0.028 0.031
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Ni 0.000 0.000 0.000 0.001 0.0010 0.000 0.001 0.000
Sum 4000 4.000 4.000 4.000 4.000 4.000 4.000 3.998
Fett 2440 2356 2761 2256 3218 2860 31.85 26.77
Mg# 75.60 76.44 72.39 77.44 67.82 71.40 68.15 73.23
End Members:
Wollastonite  49.999 49.948 50.197 50.248 49.612 46.060 48.113 46.259
Enstatite 34930 35.717 31.854 35901 31.785 35.768 33.541 37.617
Ferrosillite ~ 15.071 14.335 17.949 13.851 18.603 18.172 18.346 16.124
Classification Diopside
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Fig. 6. Chemical composition graphs of the minerals in the mesogabbros and anorthosites of the Kal-e-Kafi area, A:
Feldspars classification ternary diagram (Deer et al., 1992), B and C: Classification graphs of clinopyroxenes in the
gabbros (Deer et al., 1992), and D: Al'Y versus AlIV! plot (Aoki and Shiba, 1973)
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Table 3. Electron microprobe (major elements) and LA-ICP-MS (trace elements) analyses of clinopyroxenes and

plagioclases from the Kal-e-Kafi mesogabbros and anorthosites. Major and trace elements presented in (wt.%) and (ppm),
respectively.

Rock type Gabbro
Mineral Diopside
Sample/Point no. B811-1/7 B811-1/8 B811-1/34 B811-1/38
SiO, 52.13 52.83 52.35 51.15
TiO; 0.08 0.06 0.10 0.08
Al;03 1.20 0.76 1.52 1.23
Cr,03 0.06 0.03 0.00 0.01
FeO* 8.26 8.70 8.15 10.42
MnO 0.81 0.65 0.91 0.92
MgO 12.81 12.80 12.67 11.30
Cao 24.27 23.93 24.66 24.79
Na.0 0.22 0.29 0.13 0.15
K20 0.01 0.01 0.00 0.00
NiO 0.03 0.00 0.02 0.04
Total 99.89 100.05 100.51 100.09
Li 14.987 12.414 9.395 13.458
Ti 519.897 551.093 541.846 664.310
Rb 0.810 0.440 0.009 0.008
Sr 125.841 150.183 126.237 112.735
Y 10.571 8.821 7.389 9.481
Zr 21.550 22.914 29.342 30.462
Nb 0.027 0.021 0.027 0.052
Ba 1.035 0.602 0.058 0.099
La 4.292 4.625 3.607 5.178
Ce 14.043 14.189 11.816 17.594
Pr 2.042 1.912 1.667 2.434
Nd 9.617 8.379 7.197 10.474
Sm 2.593 2.138 1.751 2.572
Eu 0.280 0.231 0.174 0.315
Gd 2.348 1.849 1.518 2.158
Tb 0.335 0.263 0.224 0.313
Dy 2.077 1.633 1.340 1.862
Ho 0.398 0.309 0.266 0.336
Er 1.169 0.987 0.849 1.025
Tm 0.212 0.198 0.170 0.177
Yb 2.082 2.025 1.803 1.804
Lu 0.425 0.445 0.423 0.410
Hf 1.455 1.520 2.320 2.206
Ta 0.001 0.000 0.005 0.002
Pb 11.631 2.416 1.053 0.964
Th 0.105 0.068 0.108 0.139
U 0.157 0.032 0.040 0.053
CelYb 6.745 7.007 6.553 9.753
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Table 3 (Continued). Electron microprobe (major elements) and LA-ICP-MS (trace elements) analyses of

clinopyroxenes and plagioclases from the Kal-e-Kafi mesogabbros and anorthosites. Major and trace elements presented
in (wt.%) and (ppm), respectively.

Rock type Anorthosite Gabbro
Mineral Plagioclase
Sample/Point no. B811-1/4 B811-1/5 B811-1/6 B811-1/12 B811-2/32 B811-2/37
SiO; 43.93 43.72 44.58 44.09 43.67 43.75
TiO: 0.00 0.00 0.00 0.00 0.01 0.00
Al;03 35.38 34.66 35.33 35.77 35.57 35.45
FeO* 0.20 0.18 0.20 0.22 0.28 0.20
MnO 0.00 0.01 0.01 0.00 0.02 0.01
MgO 0.00 0.00 0.00 0.02 0.00 0.00
CaO 19.49 20.50 19.43 19.59 19.78 20.16
Na.O 0.65 0.61 0.47 0.26 0.25 0.26
K20 0.01 0.03 0.01 0.01 0.00 0.01
NiO 0.02 0.03 0.02 0.00 0.00 0.02
Total 99.68 99.74 100.05 99.95 99.58 99.85
Li 4.014 3.414 0.964 2.701 10.365 25.243
Ti 3.405 3.266 4.787 3.165 3.831 3.012
Rb 3.216 1.244 2.418 2.557 20.956 13.523
Sr 2727.142  2732.426  3960.466  2911.711 2830.399 2497.493
Y 0.031 0.035 0.035 0.034 0.038 0.028
Zr 0.006 0.002 0.005 0.023 0.020 0.005
Nb 0.001 0.004 0.002 ND 0.001 ND
Ba 15.036 11.104 15.927 28.282 84.523 34.068
La 1.724 1.433 1.780 1.516 1.720 1.217
Ce 2.055 1.965 2.174 1.913 1.934 1.600
Pr 0.140 0.135 0.145 0.136 0.123 0.113
Nd 0.352 0.398 0.370 0.333 0.300 0.269
Sm 0.029 0.022 0.025 0.032 0.020 0.018
Eu 0.177 0.174 0.177 0.200 0.140 0.145
Gd 0.014 0.024 0.026 0.025 0.007 0.010
Tb ND 0.004 ND ND 0.003 ND
Dy 0.003 ND 0.005 0.011 0.011 0.008
Ho ND 0.004 ND ND ND ND
Er 0.006 0.005 ND 0.002 0.003 0.004
Tm 0.001 ND ND 0.001 ND 0.001
Yb 0.005 0.003 0.001 0.003 0.008 0.003
Lu 0.003 ND 0.001 ND 0.001 0.001
Hf ND ND 0.002 0.004 0.002 ND
Ta ND ND ND 0.001 0.003 ND
Pb 15.723 5.616 3.660 4.283 2.331 10.190
Th 0.001 ND ND 0.004 ND ND
U 0.014 0.009 0.006 0.002 0.010 0.045
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