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Abstract

The Nuri Cu-W-Mo deposit is a newly explored and proved large-size deposit, which lies on the southern
margin of eastern Gangdese volcanic-magma arc and belongs to the southern subzone of the Gangdise metallo-
genic belt. There are some Late Cretaceous and Paleogene intrusive rocks exposed in the ore district. The strata
in the ore district are mainly Cretaceous Bima Group and Danshiting Group. The skarn mainly occurs within the
carbonate rocks and lithologic conversion boundaries, not in direct contact with the intrusions. The skarn mine-
rals are mainly garnet, pyroxene, wollastonite, vesuvianite, epidote and actinolite. Metallic minerals mainly in-
clude chalcopyrite, pyrite, molybdenite, scheelite, bornite and tetrahedrite. Electron microprobe analyses show
that the garnet comprises mainly grossular and andradite, with minor augite in skarn. The end member of py-
roxene is dominated by diopside. The amphibole in the Nuri deposit is magnesiohornblende-actinolite belonging
to ferroedenite. The end member of epidote group is dominated by epidote. In the horizontal and vertical direc-
tion, the skarn type shows significant zoning from garnet skarn through diopside skarn to diopside-wollite skarn
from south to north in horizon profile and from shallow to deep in vertical profile. The zoning reflects the change
of metasomation. Meanwhile, the mineralization also has zoning character. In the shallow part, the mineraliza-
tion is mainly skarn type with tungsten mineralization. With the increasing depth, the mineralization type
changes to vein mineralization with copper or copper-molybdenum mineralization. Some porphyry-type minera-
lization exposed in some drilling holes, characterized by copper mineralization with a small quantity of molybde-
num. The components of garnet vary in the space, gradually changing from the dominance of andradite to that
of grossular. The garnet records complex zoning patterns, the end member and chemical composition changing
with the changing zonation. The type of zoning pattern démonstrates that the fluid which formed garnet was
episodic, probably resulting from the geochemical self-organization and changes in fluid in association with garnet
growth rates. The Kp shows that the deposit was formed in a weakly acid and fairly strong oxidation state.
Combined with the distribution and composition’ variation, the authors infer that the skarn of the Nuri deposit
was formed by metasomatism between carbonate and ore-forming fluid. The fluid might have originated from the
deeper intrusion and migrated a long distance along the shatter zone or faults in the strata. Infiltration was pro-
bably the primary factor for the formation of skarn in the deposit. The changes of temperature and oxygen fu-
gacity must have played an important role in the formation of skarn minerals. The skarn exposed in the Nuri de-
posit is the superficial skarn, with the probable existence of uniform skarn-porphyry ore-forming system. There-
fore, there exsits great potential in finding porphyry Cu ore bodies in the deeper part of the existing skarn type
mineralization, and this conclusion is of important significance for further exploration in the Nuri deposit and ad-
jacent areas in south Tibet.
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Fig. 1 Sketch geological map of the Shannan area in Southeastern Gangdise showing distribution of ore deposits
modified after No. 2 Institute of CEEB 2009
I—Quaternary Q 2—Wenyu Formation N,w  3—Dianzhong Formation E;d 4—Wenqu Formation K,w  5—Menzhong Formation
Kiom  6—Bima Formation K;b 7—Mamuxia Formation J3-K;m  8—Chumulong Formation Kj;cm  9—Jiedexiu Formation Tjj
10—Ultramafic rocks Tk;L.  11—Miocene subvolcanic rocks XVj6  12—Late Cretaceous granodiorite K,¥d 13—Late Cretaceous quartz
monzodiorite Ky8no  14—Eocene monzonitic granite E;ny  15—Eocene biotite granite E, 73  16—Eocene diabase Efy

17—FEocene granodiorite E,¥d  18—Fault 19—Skarn Cu deposit 20—Porphyry Mo deposit
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Fig. 2 Generalized geological map of the Nuri skarn Cu-W-Mo deposit modified after No. 2 Institute of CEEB 2009
1—Quaternary eolian sand 2—Danshiting Formation andesitic volcanic breccias and sandy conglomerate 3—5" member of Low Cretaceous Bima
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Fig. 4 Mineral-forming sequence in the Nuri Cu-W-Mo deposit
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1

Table 1 Representative garnet analyses from the Nuri deposit

17 2 3% 4% 5% 6% 7%

w B %

SiO, 37.45 38.52 38.33 37.91 37.33 36.75 37.39 35.96 37.73 35.95 36.53 36.65 36.82 36.97 37.28 36.81 37.28
TiO, 0.00 0.00 0.13 0.25 0.43 0.04 0.37 0.38 0.04 0.33 0.30 0.91 0.84 1.19 0.93 0.50 0.68
ALOs 14.83 12.21 15.99 13.18 11.09 13.89 13.94 9.44 14.78 9.50 9.99 15.68 14.72 16.22 16.72 13.33 16.57
CrO;3 0.01 0.05 0.00 0.01 0.04 0.00 0.01 0.03 0.00 0.00 0.05 0.00 0.00 0.02 0.00 0.03 0.00
FeO 8.80 12.65 7.94 11.10 14.26 10.15 10.65 16.54 10.02 16.89 16.47 7.90 9.24 6.72 6.14 11.21 7.07
MnO 2.87 2.67 1.21 1.02 1.21 1.81 1.83 1.83 0.96 3.75 1.98 0.67 0.54 0.27 0.46 0.84 0.71
MgO 0.03 0.04 0.03 0.01 0.04 0.05 0.08 0.06 0.02 0.07 0.07 0.05 0.08 0.06 0.08 0.08 0.07
CaO 33.83 32.79 35.37 35.32 34.20 34.07 33.91 32.08 34.86 29.92 32.44 34.98 35.21 35.88 35.24 34.56 35.23
NaO  0.00 0.00 0.00 0.03 0.08 0.05 0.06 0.00 0.02 0.08 0.03 0.00 0.02 0.04 0.00 0.00 0.01
K,O 0.01 0.00 0.03 0.00 0.00 0.03 0.00 0.02 0.01 0.00 0.01 0.02 0.00 0.01 0.00 0.00 0.00
NiO 0.06 0.03 0.02 0.04 0.00 0.10 0.00 0.00 0.05 0.09 0.05 0.04 0.00,.0.00 0.09 0.00 0.00
F 0.34 0.00 0.15 0.08 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0,00 0.12 0.07 0.00 0.01
Cl 0.00 0.03 0.02 0.00 0.01 0.02 0.00 0.00 0.03 0.04 0.01 0.00 0.00 0.01 0.02 0.02 0.01
98.23 98.99 99.22 98.95 98.69 96.96 98.27 96.34 98.52 96.62 97.93 96.90 97.47 97.51 97.03 97.38 97.64

12
Si 2.98 3.04 2.99 2.99 2.98 2.96 2.97 2.96 2.97 2.97 2.96 2.92 2.93 2.93 2.95 2.95 2.94
Ti 0.00 0.00 0.01 0.02 0.03 0.00 0.02 0.02 0.00 0.02 ¢ 0.02 0.06 0.05 0.07 0.06 0.03 0.04
Al 1.39 1.14 1.47 1.23 1.04 1.32 1.30 0.92 1.37 0.93 0.95 1.47 1.38 1.51 1.56  1.26 1.54
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 [0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 0.59 0.83 0.52 0.73 0.95 0.68 0.71 1.09 0.64 1.08 1.06 0.53 0.62 0.45 0.41 0.75 0.47
Fet 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02-0.09 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.19 0.18 0.08 0.07 0.08 0.12 0.12 0.13 0.06 0.26 0.14 0.05 0.04 0.02 0.03 0.06 0.05
Mg 0.00 0.01 0.00 0.00 0.01 0.01 0.01 70.0L 0.00 0.01 0.01 0.01 0.01 0.01 0.01  0.01 0.01
Ca 2.88 2.77 2.95 2.98 2.92 2.94 2.88 2.83 2.94 2.65 2.82 2.99 3.00 3.04 2.99 2.96 2.98
Na 0.00 0.00 0.00 0.01 0.01 0.01 0.0r 0.00 0.00 0.01 0.00 0.00 0.00 0.01 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 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00-0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Gro 65.07 51.34 71.69 61.74 49.59 62.37 60.43 39.52 65.33 34.22 40.62 72.32 68.23 77.37 78.54 60.57 75.10

And 28.51 42.25 25.56 35.96-47.41 33.41 35.13 54.30 31.95 53.86 52.46 26.00 30.26 21.75 20.13 37.14 23.06
Sp+Pyr 6.40 6.25 2.74 2.27 2.88 4.22 4.40 6.08 2.73 11.93 6.76 1.69 1.50 0.82 1.33 2.20 1.83

Gro— And—= Sp— Pyr—
w NaO 0.65% ~ 1.09% Leake
1997 -
9 2003
Fe Mg Mn
3.4 wF  0.25% ~0.47%
W W-Sn 10
w F Newberry
5D etal. 1997 Cantung Zaw et al. 1978
4 w ALO; 5.67% ~8.8% Riba de Alva Gaspar et al.
w FeO+ Fe,O4 11.25% ~16.04% w MgO 2000 W-Sn-Mo-Bi

10.94% ~13.79% w CaO 11.69% ~12.72% 1998 F
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Table 2 Representative pyroxene analyses from the Nuri deposit
1% 2% 3% 4% 5% 6% 7% 8% 9% 0% 1% 127 137 147 15% 167
w B O()
SiO, 52.20 52.11 52.67 52.75 53.43 52.30 52.49 53.04 53.16 54.74 53.54 53.05 52.70 54.20 54.49 54.11
TiO, 0.00 0.04 0.02 0.00 0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.03 0.10 0.01 0.00 0.05
ALO; 0.25 0.15 0.33 0.12 0.27 0.41 0.17 0.27 0.12 0.13 0.10 0.14 1.12 0.19 0.17 0.27
Cr,O;  0.05 0.00 0.02 0.00 0.03 0.04 0.02 0.00 0.03 0.04 0.00 0.01 0.00 0.01 0.07 0.02
FeO 9.16 9.64 7.29 835 7.74 8.06 9.31 7.89 6.45 4.57 5.62 6.53 6.85 3.8 3.72 4.47
MnO 1.3 1.59 1.38 2.28 1.24 1.50 1.43 1.18 1.39 0.51 1.01 1.35 0.31 0.16 0.13 0.32
MgO 11.62 10.91 12.63 11.29 12.45 11.61 11.11 12.33 13.03 15.52 13.90 13.18 13.19 15.27 15.60 15.01
CaO 24.69 24.75 24.90 25.07 24.82 24.42 24.74 24.86 25.32 25.08 25.42 24.78 24.83 25.58 25.50 25.36
NaO  0.15 0.07 0.11 0.08 0.13 0.15 0.20 0.09 0.07 0.12 0.08 0.08 0.16 0.08 0.24 0.14
K,O 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.03 0.0 0.02 0.00, 0.00 0.02 0.04 0.00
NiO 0.03 0.06 0.05 0.05 0.08 0.02 0.03 0.03 0.06 0.04 0.001 0.03  0.04 0.08 0.10 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl 0.02 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.01 0.0 0.01 0.02 0.13 0.00
99.56 99.33 99.42 99.99 100.22 98.58 99.51 99.71 99.66 100.76 99.71 99:19 99.31 99.50 100.19 99.75
6
Sit 1.987 1.994 1.989 1.998 2.001 1.998 1.999 1.998 1.996 2.00L 1.997 1.998 1.977 2.002 2.001 1.998
Alp 0.000 0.006 0.011 0.002 0.000 0.002 0.001 0.002 0.004 0.000 0.003 0.002 0.023 0.000 0.000 0.002
Alyy 0.000 0.001 0.004 0.004 0.012 0.016 0.006 0.010 0.002-0.005 0.001 0.004 0.026 0.008 0.007 0.010
Tiwn 0.000 0.001 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.000 0.001
Crvi 0.002 0.000 0.001 0.000 0.001 0.001 0.000 0.000 _0.001 0.001 0.000 0.000 0.000 0.000 0.002 0.001
Feyi 0.038 0.012 0.021 0.005 0.000 0.000 0.013 0.000 0:011 0.000 0.012 0.002 0.005 0.000 0.012 0.000
Feiiap 0.253 0.296 0.209 0.259 0.243 0.258 0.283 0.249 - 0.191 0.140 0.163 0.204 0.210 0.120 0.102 0.138
Mny;  0.045 0.052 0.044 0.073 0.039 0.048 0.046 0.038 0.044 0.016 0.032 0.043 0.010 0.005 0.004 0.010
Mgwi+ve 0.659 0.622 0.711 0.638 0.695 0.661 0.631 0.692 0.730 0.846 0.773 0.740 0.738 0.841 0.854 0.826
Niyy ~ 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.001 0.000 0.001 0.001 0.002 0.003 0.000
Cayp  1.007 1.015 1.008 1.017 0.996 0.999 1.009 1.004 1.019 0.982 1.016 1.000 0.998 1.013 1.003 1.003
Nayp  0.011 0.005 0.008 0.006 0.009 0.011 0.015 0.007 0.005 0.008 0.005 0.006 0.012 0.006 0.017 0.010
Ky 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.001 0.002 0.000
4.003 4.006 4.009 4.003-3.999 ' 3.996 4.004 4.003 4.006 4.000 4.003 4.001 4.003 3.998 4.007 3.999
w B %
Di 66.3 63.4 72.2 65.4 71.1 68.3 64.8 70.7 74.8 8.5 78.9 74.8 76.7 87.0 87.8 84.8
Hd 29.2  31.4 23.3 27.1 24.8 26.6 30.4 25.4 20.7 13.9 17.9 20.8 22.3 12.4 11.7 14.2
Jo 4.5 5.2 4.5 7.5 4.0 5.0 4.7 3.8 4.5 1.6 3.3 4.4 1.0 0.5 0.4 1.0
Di— Hd— Jo—
FeOl A1203
12 TiO, FeOr
Jamtveit et al. 1993 Crowe et al. 2001 Smith
et al. 2004 MnO  MgO
12
Holten

et al. 2000
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Table 3 Representative wollastonite analyses from the Nuri deposit
1% 2% 37 47 57 67 77 87 9% 107 11 127 137 147 15%
w B O()
SiO,  50.01 50.33 50.68 50.34 50.42 50.03 42.19 49.79 49.82 50.05 50.19 49.75 50.47 49.15 50.34
TiO, 0.00 0.02 0.00 0.00 0.05 0.00 15.57 0.00 0.04 0.03 0.00 0.00 0.01 0.00 0.00
ALO; 0.00 0.04 0.00 0.06 0.01 0.00 1.05 0.02 0.04 0.05 0.03 0.00 0.0l 0.09 0.04
Cr,0; 0.00 0.00 0.03 0.05 0.00 0.01 0.06 0.05 0.05 0.00 0.00 0.00 0.00 1.20 0.01
FeO 0.11 0.15 0.16 0.08 0.12 0.11 0.17 0.24 0.16 0.05 0.09 0.12 0.16 0.14 0.15
NiO  0.00 0.00 0.06 0.02 0.0 0.00 0.00 0.06 0.01 0.00 0.00 0.03 0.00 0.03 0.00
MnO 0.64 0.48 0.44 0.69 0.72 0.61 0.38 0.52 0.48 0.89 0.8 0.78 0.57 0.76 0.79
MgO 0.05 0.03 0.00 0.04 0.05 0.00 0.03 0.06 0.01 0.03 0.04 0.02 0.05 0.04 0.00
CaO  47.82 48.00 47.65 47.96 47.38 47.76 39.78 47.84 47.95 47.61 47.92 48.23 48.71 47.18 48.06
Na,O 0.00 0.02 0.02 0.00 0.03 0.01 0.0l 0.00 0.00 0.04 0.00 0.01 0.00 0.04 0.01
KO 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.03 0.00 0.00
F 0.01 0.00 0.00 0.02 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
cl 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.01 0.00 0.03 0.01 ~0.02 0.02 0.02 0.00
98.64 99.07 99.08 99.26 98.80 98.55 99.70 98.60 98.59 98.79 99.13" 98.96 100.03 98.65 99.40
9
Si 0.987 0.988 0.993 0.987 0.992 0.988 0.828 0.984 0.985 0.987 0.986 0.982 0.984 0.974 0.987
Ti  0.000 0.000 0.000 0.000 0.001 0.000 0.230 0.000 0.001 0.000 ) 0.000 0.000 0.000 0.000 0.000
Al 0.000 0.001 0.000 0.001 0.000 0.000 0.024 0.001 0.001 0,001 0.001 0.000 0.000 0.002 0.001
Cr  0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.019 0.000
F&t  0.002 0.002 0.003 0.001 0.002 0.002 0.003 0.004 0.003"0.001 0.001 0.002 0.003 0.002 0.002
Ni  0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001  0.000 0.000 0.000 0.001 0.000 0.000 0.000
Mn 0.011 0.008 0.007 0.011 0.012 0.010 0.006. 0.009 , 0.008 0.015 0.014 0.013 0.009 0.013 0.013
Mg  0.001 0.001 0.000 0.001 0.001 0.000 0.001 0.002° 0.000 0.001 0.001 0.001 0.001 0.001 0.000
Ca 1.012 1.010 1.001 1.008 0.999 1.011 0.837 1.013 1.016 1.006 1.009 1.020 1.018 1.002 1.009
Na  0.000 0.001 0.001 0.000 0.001 0.000 0.0000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000
K 0.000 0.000 0.001 0.000 0.000 0.000° 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000
REER
Jamtveit et al. 1993 Jamtveit 1999
© 7K302-33
A 7K302-284
B 7K302-291
5]
12A
A
ot o ey
BER SR
8

Fig. 8 Change of composition of pyroxene in different

depths of the Nuri deposit



Fig. 9 Classification of amphiboles in the Nuri

deposit base map after Leake et al.

1997
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Table 4 Representative amphibole analyses from the Nuri deposit
1* 2% 3% 4% 5% 6¥ 7% 8% 9% 10%
w B %
SiO, 43.37 46.53 46.80 45.60 44.53 44.31 45.12 47.57 45.93 45.38
TiO, 0.23 0.08 0.05 0.13 0.23 0.17 0.11 0.07 0.19 0.12
ALO; 8.80 6.28 7.65 5.67 8.61 7.21 7.62 6.41 6.40 6.49
FeO 16.04 13.05 13.66 13.73 15.27 15.25 12.97 11.25 13.07 13.67
MnO 0.51 0.41 0.45 0.57 0.64 0.53 0.44 0.41 0.38 0.34
MgO 11.21 13.16 12.71 13.20 10.94 11.53 12.30 13.79 13.44 13.11
CaO 11.94 12.07 11.97 12.72 11.69 11.87 11.76 11.92 12.46 12.44
Na,O 0.99 0.83 0.95 0.77 0.88 1.09 0.75 0.65 0.77 0.81
K,O 1.72 0.92 0.99 0.82 1.77 0.73 1.08 0.48 0.76 0.90
Cr,0;3 0.00 0.00 0.02 0.03 0.00 0.81 0.04 0.01 0.00 0.00
NiO 0.00 0.05 0.02 0.01 0.00 0.02 0.00 0.02 0.01 0.02
F 0.44 0.45 0.44 0.36 0.27 0.25 0.41 0.39 0.47 0.45
Cl 0.00 0.02 0.01 0.02 0.02 0.02 0.04 0.03 0.01 0.03
95.25 93.85 95.72 93.63 94.85 93.79 92.64 93.00 93.89 93.76
23
Sir 6.706 7.126 7.035 7.062 6.865 6.949 7.005 7.235 7.039 7.000
Aly 1.294 0.874 0.965 0.938 1.135 1.051 0.995 0.765 0.961 1.000
Al 0.309 0.259 0.390 0.096 0.429 0.282 0.400 0.383 0.195 0.179
Fet* 0.323 0.599 0.590 0.487 0.434 0.463 0.602 0.773 0.566 0.509
Crc 0.000 0.000 0.002 0.004 0.000 0.100 0.005 0.001 0.000 0.000
Tic 0.026 0.009 0.005 0.015 0.026 0.020 0.013 0.007 0.022 0.014
Ni¢ 0.000 0.007 0.002 0.001 0.000 0.002 0.000 0.002 0.001 0.002
Mgc 2.585 3.004 2.847 3.046 2.515 2.694 2.847 3.127 3.070 3.015
Fet' 1.751 1.073 1.127 1.290 1.535 1.435 1.082 0.659 1.108 1.254
Mne 0.006 0.051 0.036 0.060 0.061 0.004 0.050 0.047 0.038 0.026
Fe* 0.000 0.000 0.004 0.006 0.000 0.102 0.005 0.003 0.001 0.000
Mng, 0.062 0.000 0.017 0.009 0.023 0.066 0.003 0.003 0.011 0.017
Cayp 1.938 1.982 1.927 1.985 1.930 1.832 1.956 1.942 1.988 1.983
Nap 0.000 0.018 0.051 0.000 0.047 0.000 0.036 0.052 0.000 0.000
Cap 0.040 0.002 0.004 0.121 0.000 0.160 0.005 0.003 0.058 0.074
Naga 0.297 0.226 0.220 0.231 0.217 0.331 0.185 0.135 0.229 0.243
Ka 0.340 0.179 0:.190 0.161 0.349 0.146 0.213 0.092 0.148 0.176
s ' |
09—
o |o O HRNT EENE
~ | mes &
s 05
E LA-ICP-
BEER BRNE BHNE MS
Eu Ce
0.0 L L
8.0 7.5 7.0 6.5 6.0 55
SFRHRISI
9 Dziggel 2009 Navachab
Leake 1997
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Table 5 Representative amphibole analyses from the Nuri deposit
17 2% 3% 4% 5% 67 7% 8% 9% 10% 1n* 12 13* 147 5%

w B %

SO,  37.40 37.53 37.29 37.57 37.65 37.25 37.11 37.23 37.29 37.57 37.78 37.31 37.82 37.39 38.20
TiO, 0.09 0.21 0.04 0.00 0.00 0.14 0.01 0.20 0.11 0.10 0.13  0.13 0.15 0.51 0.08
ALO; 23.21 23.05 22.68 24.52 23.63 24.55 23.43 24.90 23.73 23.60 23.52 24.15 24.35 23.39 23.92
Cr,0O;  0.01 0.02  0.00 0.02 0.06 0.00 0.00 0.03 0.00 0.00 0.04 0.00 0.05 0.07 0.05
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe,O; 11.87 11.76  12.68 9.74 11.58 10.16 11.35 9.24 10.68 10.85 10.96 10.46 10.46 10.25 10.85
NiO  0.00 0.01 0.00 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.00
MnO 0.06 0.18 0.18 0.19 0.14 0.50 0.46 0.37 0.35 0.35 0.45 1.37  0.30 0.33 0.35
MgO  0.01 0.04 0.08 0.01 0.00  0.05 0.06 0.07 0.02 0.05 0.10 0.05 0.12 0.18 0.09
CaO  23.46 23.47 23.69 23.80 23.52 23.20 23.39 23.71 23.05 22.83 23.29 22.49 23.80 23.61 23.45
NaO  0.03  0.01 0.01 0.01 0.02 0.03 0.01 0.01 0.14 0.09 0.01 0.00 0.00 0.03 0.00
K,O  0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00  0.01 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.10 0.07 0.02 0.00 0.00 0.00 0.00
96.16  96.29 96.55 95.89 96.61 95.88 95.87 95.77 95.47 95.51 96.34 -95.99 97.05 95.77 96.99

12.5
Si 3.114  3.120 3.109 3.099 3.113 3.081 3.098 3.070 3.110 3.129 3.125 ~3.096 3.095 3.105 3.130
Ti 0.005 0.013 0.002 0.000 0.000 0.009 0.000 0.013 0.007 0.006 0.008 0.008 0.009 0.032 0.005
Al 2.277 2.259 2.229 2.384 2.303 2.394 2.305 2.420 2.333 2.317 2.293 2.362 2.348 2.289 2.310
Cr 0.001 0.001 0.000 0.001 0.004 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.003 0.005 0.003
FS* 0.722  0.715 0.771  0.590 0.700 0.616 0.693 0.560 0.652 0.661 0.663 0.635 0.627 0.624 0.651
Ni 0.000 0.001 0.000 0.001 0.000 0.000 0.003 0.000 . 0.000 0.000 0.002 0.001 0.000 0.000 0.000
Mn®"  0.004 0.011 0.011 0.011 0.009 0.031 0.028 0.023 0.021 ~0.021 0.027 0.084 0.018 0.020 0.021
Mg 0.001 0.005 0.010 0.002 0.000 0.006 0.008 0.008 0.003 0.006 0.012 0.006 0.015 0.022 0.011
Ca 2.093 2.091 2.116 2.103 2.084 2.056 2.092, 2.095 2.060 2.038 2.065 1.999 2.087 2.101 2.058
Na 0.004 0.002 0.002 0.002 0.003 0.005 0.001 0.002° 0.022 0.015 0.001 0.000 0.001 0.005 0.000
K 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.001 0.000
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