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Introduction

The Kahdelan area in the SW of Sarab is situated in the northern part of
the Urumieh—Dokhtar geotectonic zone and Tarom-Hashtjin metallogenic
zone. Some of the most important porphyry Cu + Mo + Au
mineralizations in Iran occur along the NW-SE trending Urumieh—
Dokhtar volcano-plutonic belt, lying between the Sanandaj—Sirjan zone
and Central Iran. The Urumieh—Dokhtar magmatic arc, extends over a
strike length of about 2000 km from northwest to southeast and is
characterized by subduction-related calc-alkaline rocks. Due to extensive
Tertiary magmatism and extensive alterations, this zone is one of the
remarkable Cu-bearing regions in Iran. Therefore, many studies, regarding
different aspects of the area, have been carried out by the Geological
Survey of Iran as well as some private companies. Differentiating fertile
and barren intrusive bodies could be important factors in reducing
exploration expenses, and it is possible to identify susceptible areas by
using geochemical data. Thus, the main purpose of the present study is to
evaluate the granitoid rocks of the Kahdelan area as the possible potential
for Cu-mineralization based on mineralogical and geochemical evidence.

Regional Geology

The main intrusions of the Kahdelan area are
Oligocene granitoid bodies composed of syenite, quartz

syenite, and monzosyenite with light color and granular
texture. Syenites are the most dominant plutonic rocks
and quartz-syenites are the main host of Cu-
mineralization. These intrusive bodies intruded the
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Upper Eocene pyroclastic and volcanic rocks which
gave rise to alteration and mineralization occurrences in
the area. Volcanic rocks are composed of basalt,
basaltic-andesite, andesite, and trachyte mainly with
porphyritic texture.

Materials and Methods

The present study evaluates the copper
mineralization potential of the Kahdelan area for the first
time. The represented information can be divided into
three parts: 1) ore mineralogy and mineralogy of the
Kahdelan’s rocks; 2) the investigating data related to I-
type and magnetite series, and 3) the relationship
between the obtained mineralogical and geochemical
data with Cu-mineralization in the area to compare with
porphyry copper deposits along the Urumieh—Dokhtar
magmatic arc.

Results and Discussion

The dominant alteration zones in the area under
study are argillic, phyllic, carbonatization, silicification,
and hematitization. The primary ore minerals are
magnetite, chalcopyrite, and bornite which are generally
replaced by secondary minerals including chalcocite,
covellite, and malachite. The ore textures are
predominantly ~ disseminated, open space-filling,
replacement, and brecciated. Gangues (carbonate and
quartz minerals) textures are crystalline, open space-
filling, cementation of brecciated zones, and colloform .

The volcanic rocks of the Kahdelan area are calk-
alkaline to shoshonitic and the granitoids are shoshonitic
affinity and I-Type nature (magnetite series). In the area
of study, sinking solutions washed away most of the
pyrites and left behind empty pyrite molds and iron
oxides and hydroxides along with different amounts of
malachite and neotocite. As the chondrite-normalized
REE diagrams display the studied granitoids are
enriched in LREEs and fairly depleted in LREE:s relative
to HREEs The enrichment of LILE elements and
depletion of HFSE elements are features similar to those
of the fertile granitoids. The rate of decline of the slope
in the diagram is similar to that of the copper porphyry
deposits also slightly negative Eu anomalies of these
granitoids are similar to fertile granitoids (Karimpour et
al,, 2021). The (La/Yb), and EwEu* are used in
evaluating the oxidation state and investigating the depth
changes of parent magma of granitoids. The (La/Yb),
anomalies vary from 4.05-23.17, and Ew/Eu* anomalies
vary from 0.32-2.65 with an average of 0.8 that are

different from copper porphyry deposits .

Based on spider diagrams, the depletion of titanium
could be related to the low oxygen fugacity in
subduction zones. The Pb and U enrichment point to the
role of the earth’s crust in the petrogenesis of these
rocks. P depletion could be the consequence of apatite
crystallization from the parent magma.

Based on the relationship between geochemical data
as well as mineralization, three diagrams have been used
to distinguish fertile granitoids. The Eu/Eu* versus
(La/Yb), diagram (Karimpour et al., 2021) shows that
Kahdelan’s granitoids have a reduced nature. The SiO,-
K>O diagram (Peccerillo and Taylor, 1976) points out
that the intrusive and the volcanic rocks of Kahdalan are
characterized by the much less SiO, amount compared
to fertile granitoids in SNJMB (Saveh-Nain-Jiroft
Magmatic Belt) (Karimpour et al., 2021). On A/NK
versus A/CNK diagram (Meinert, 1995) the granitoids
under study are close to fertile copper porphyry deposits.

Conclusion

On the basis of mineralogical and geochemical data,
Kahdelan’s intrusive rocks are I-type and magnetite
series. The tectonomagmatic setting of the rocks under
study lies within Volcanic Arc Granites (VAG), active
continental margins, and arc systems. On A/NK versus
A/CNK diagram, these granitoids are close to fertile
copper porphyry deposits. Quartz syenites are the main
mineralization hosts. Based on geochemical data, the
average Cu content is 3492.76 ppm in a total of 170
samples collected all over the area and up to 230534
ppm Cu in mineralized Quartz syenites veinlets.
Mineralogical, geochemical, and alteration data in
combination with fertile-barren discrimination diagrams
indicate that the granitoids of the Kahdelan area can be
evaluated as the possible potential for Cu mineralization.
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Table 1. Analytical data of volcanic rocks from Kahdalan by the XRF method (major elements oxides in weight
percent; LOI (Loss on Ignition) in percentage).

Petrography Basalt Basaltic andesite Trachyte
Sample No. R97 R.103 R.122 R.105 R.113 R.89 | R.95 | R.125 R.143 R.126 R.134
SiO; 48.74 50.86 51.08 51.1 51.44 53.46 5435 53.27 5451 55.09 56
AlLO; 17.72 14.94 1532 159 1624 14.11 15.57 18.14 19.1 1855 19.16
CaO 6.61 7.83 7.66 7.06 6.81 6.03 5.54 435 2.95 3.6 2.64
MgO 539 5.62 522 6.12 4.79 547 4.86 1.44 2.28 1.65 171
TiO, 1.18 1.08 0.91 09 0.92 091 0.86 0.78 0.76 0.78 0.8
F,0; 11.33 10.28 9 8.84 991 10.93 8.44 5.78 537 6.06 493
MnO 0.22 0.2 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
SOs 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
P;0s 044 0.33 0.26 0.56 0.57 0.44 0.28 0.49 0.59 0.5 0.56
Na,O 337 19 2.18 233 231 1.66 2.3 3.98 4.04 4.1 4.17
K,O 1.52 2.12 2.1 329 31 393 249 5.16 6.19 521 527
Sro 0.12 0.1 0.23 0.13 0.12 0.13 0.11 0.17 0.15 0.19 0.13
CuO 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
LOI 3.17 4.53 5.77 3.59 3.59 277 5.1 6.25 3.86 4.06 4.44
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Table 2. Analytical data of plutonic rocks from Kahdalan

by the XRF method (major elements oxides in weight
percent; LOI (Loss on Ignition) in percentage).

Petrography Syenite Quartz Syenite
Sample No. TR24 R.119 TR41 | TR.10  R.I129
SiO, 53.89 549 5779 5553 571
ALO; 20.12 19.05 179 1791 19.19
CaO 428 335 371 475 345
MgO 1.65 2.86 0.8 1.38 0.8
TiO, 0.58 054 079 0.64 0.8
F,0; 53 498 408 4.18 382
MnO 0.075 0075 0075  0.075 0.075
SO; 0075 0075 0075 0.075 0.075
P,Os 0.72 0.63 0.57 0.62 0.72
Na,O 3.82 2.67 2.83 2.64 248
KO 6.24 6.53 8.16 7.69 7.35
SrO 021 0.16 0.1 0.1 0.06
CuO 0075 0075 0075 0.075 04
LOI 3 4.13 3.05 437 3.65
A/NK* 1434 1255 147 15.08 13.28
A/CNK** 140 1.51 121 1.18 1.44
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**A/CNK: ALOs3/ (CaO + NaxO + K20)
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Figure 2. A) A field view of basalts from the Kahdelan area; B) Kahdelan basalt in hand specimen; C) the
porphyritic texture and vitrophyric groundmass in the Kahdelan basalt in the Photomicrograph image.
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Figure 3. A) A field view of Kahdelan basaltic andesite; A) A hand specimen of basaltic andesites from Kahdelan with
porphyritic and vesicular appearance; C) Photomicrograph of a coarse olivine phenocryst in contact with a pyroxene with
poikilitic texture (the red circle) (characterized by the presence of biotite, plagioclase, and opaque mineral), besides
porphyritic and intersertal textures in a basaltic andesite sample; D) Plagioclase and pyroxene phenocrysts with altered

margins as corona (red circle) and poikilitic (with the presence of chlorite and euhedral and subhedral opaque minerals) and
porphyritic texture in a microlithic groundmass.
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Figure 4. A) A field view of Kahdelan andesite; B) A hand specimen of Kahdelan andesites; C) Photomicrograph of
Kahdelan andesite sample with porphyritic and poikilitic textures in a microlithic groundmass.
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Figure 5. A)) A field view of Kahdelan trachyte; B) A hand specimen of Kahdelan trachyte with vesicular
appearance; C) Photomicrograph of Kahdelan trachyte sample with opaque minerals, fine-grained and scattered
biotites, a calcite veinlet, and a sericite veinlet; D) An altered amphibole in the Kahdelan trachyte.
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Figure 6. A) A field view of Kahdelan syenites and quartz syenites; B) Quartz syenites with mineralization
(Sample R.129); C) Syenite with calcite and barite and without mineralization (Sample R.130).
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Figure 7. Photomicrographs of quartz syenite. A) A mineralized vein, calcite upon the vein, and fine grained
quartz beneath the vein; B) Alkali feldspar, quartz, opaque minerals, and iron oxide in the quartz syenite.
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Figure 8. Photomicrograph of polished sections of quartz syenite; A) Chalcopyrite and bornite replaced by
chalcocite; B) Chalcocite, bornite, and covellite; C) Martitization of magnetite in quartz syenite.
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Figure 9. A) Field outcrop of syenites from the Kahdelan with blocky appearance; B) Alkali feldspar in the
hand specimen of a syenite; C) Altered alkali feldspar crystals with iron oxide.
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Figure 10. A) Field outcrop of monzosyenite from the study area. B) Iron oxide traces on the broken surface of
a monzosyenite; C) Amphibole crystal among coarse and altered alkali feldspars, biotite, and opaque minerals.
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Figure 11. Major elements oxides diagrams for naming and determining magmatic series of the volcanic rocks
of Kahdelan. A) TAS diagram (Middlemost, 1994); B) SiO,-K,0 diagram (Peccerillo and Tylor, 1976).

g3aws (White and Chappell, 1977)S 5 4
A IS oo LT o sbaloSle a5 wigds oo
Olo oo (9 Al Ol (ol VL 2l
Shahabpour, 2008; Pirajno, ) &,ls (gastlgu oljals
5950 3 sleosgs L bLs )| 1o e 2jalS olgs
Sebion (2l GYS Bogaze
S 5 oleS (28 Slopaie plerdinwe) 425 by
o=l sl Jaore () ) (Hgy0 QUST osgs ,ob
(A VY JSCs) HEERD/30-3Ta gbaws Joges ;o dacKiw
A5 S e sl T8 ot 5 oS (slopptnsns
,» (Karimpour, 2009) ol I go5 slacul 3 saims ylis
;,_».9394 ot ‘sl)_a Rb )_3|).3).> Y+Nb &Ujb )‘Js_ai
83gae ;0 LdSged yidiow B VY JS2) snlas )
4S 05,5 o sl (VAG) Sliasst iy oo ugdl S
Cneb LT oo sloansilS 5 (ail9,8 Ay Sasmslis
Jog—s ,o (Karimpour, 2009) el (JSISIS g ¢yrogllie

4 Arc systems

7
]
Uttrabasic i Acid
w | ! Syenite 4
3 Nepheline | Quarts Syenite
I syenite
o
o =y
'
+
o
Iy
-]
P
Subglkaline/ Thojeiitic
L= T z T T— T
40 50 60 70
Si0;

Joges 10 (YAS Sgy0 sl Lol glaaST logas N T S
(Cox etal., 1979) NayO +K20 gg02e pl s ;0 SiO;

Figure 12. Major elements oxides diagram of
plutonic rocks from Kahdelan in total alkalis versus
SiO; diagram (Cox et al., 1979).
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Figure 13. Tectonomagmatic setting of the Kahdelan plutonic rocks. A) Hf-Rb/30-3Ta ternary diagram (in
ppm) (Harris et al., 1986); B) Y+Nb versus Rb diagram (in ppm) (Pearce et al., 1984); C) Ta versus Th diagram
(in ppm) (Gorton and Schandl, 2002).
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Figure 15. EwEu* versus (La/Yb), diagram,
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of Kahdelan (Karimpour et al., 2021).
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Figure 17. Determination of alumina saturation
state in the plutonic rocks of Kahdalan in A/CNK
versus A/NK diagram (Shand, 1943) (ranges of
metal ore deposits from: Meinert  (1995);
Omidianfar et al. (2020)).
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Appendix 1. The raw data obtained from the analysis of minor and trace elements in the plutonic rocks of Kahdalan
by ICP-MS method (symbol < means less than the detection limit of the analysis device and NA means not
available).

Element Units SF-KH-4007 SF-KH-5000 SF-KH-6000 SF-KH-7001 SF-KH-7003 TR1-0IM TR1-02M TR1-03M TR1-04M TR1-05M

Li ppm 12.06 5.46 6.14 10.7 17.75 15.6 14.2 11.5 11.6 9.9
Be ppm 0.87 1.1 1.26 1.73 1.18 4.7 4.1 4.2 3.8 5.4
Na % 0.62 2.34 1.99 1.87 1.95 1.70 1.93 2.18 1.87 1.79
Mg ppm 2700 14500 1200 1500 1400 9330 5790 5280 4990 9550
Al % 1.75 5.97 7.18 6.83 8.83 7.89 8.12 8.63 8.76 7.87
P ppm <0.01 <0.01 0.1 <0.01 0.21 2000 2070 2220 1940 2060
S ppm 1.01 0.25 0.37 <0.1 <0.1 <50 <50 53 <50 <50
K % 0.72 5.19 8.15 5.65 6.18 4.98 4.79 5.92 5.79 5.64
Ca % 0.76 4.37 0.83 0.7 0.87 4.07 3.01 2.64 2.71 3.34
Sc ppm 8 6 8 6 5 5 5 6 4 5
Ti ppm 800 2300 4000 3300 4000 3160 2620 2500 2480 2160
v ppm 46 70 109 103 137 115 110 126 112 105
Cr ppm 15 14 10 7 10 <2 <2 <2 <2 <2
Mn ppm 121 1166 812 519 341 1000 792 742 665 832
Fe % 0.58 1.45 1.52 1.68 2.01 3.09 3.11 3.04 3.07 2.88
Co ppm 3 12 28 23 13 10.3 9.1 7.9 7.4 9.9
Ni ppm 1.6 2 11 3 5 4 5 4 5 5
Cu ppm 230534 30141 10344 27944 1839 44.9 74 222.7 73.1 100.7
Zn ppm 38 73 36 63 35 72.3 64 57.6 56.7 65.1
Ga ppm 3 11 14 16 23 18.5 18.5 19.7 19.4 17.7
Ge ppm NA NA NA NA NA 0.61 0.6 0.6 0.62 0.63
As ppm 81 19 557 81 46 10.1 14 49.9 50.5 57.5
Se ppm NA NA NA NA NA 0.42 0.29 0.45 0.44 0.4
Rb ppm 24.81 69.39 189.75 103.7 71.02 130 117 171 140 131
Sr ppm 150 417 414 380 578 590 587 567 583 624
Y ppm 5 16 30 19 16 18.5 15.1 18.8 15.6 16.4
Zr ppm 35 171 160 141 177 151 127 136 115 111
Nb ppm 11 4 18 14 19 14.4 11.1 12.3 10.1 9.1
Mo ppm 3 4 9 5 5 2.6 2.3 2.5 22 2.1
Ag ppm 11 4 2 4 2 0.08 0.09 0.1 0.08 0.09
Cd ppm <1 <l <l <l <l <0.05 <0.05 <0.05 <0.05 <0.05
In ppm <1 <l <l <l <l 0.03 0.03 0.04 0.04 0.03
Sn ppm <1 <l <l <l <l 1.7 1.4 1.7 1.4 1.2
Sb ppm 2 3 3 3 <l 2.8 2.7 23 2.4 23
Te ppm <1 <1 <1 <1 <1 <02 <0.2 <02 <02 <02
Cs ppm <1 <l <l <l <l 2 2.7 2.6 33 2.5
Ba ppm 68 767 1168 961 1151 1180 1200 1240 1200 1170
La ppm 6 35 58 42 55 43.7 35.1 47 38.3 37.1
Hf  ppm 1.56 5.69 6.94 6.31 6.67 3.97 3.36 3.67 3.04 2.79
Ta ppm <l <1 <1 <1 <1 2.46 0.83 0.45 0.35 0.3
w ppm <1 <1 <1 <1 <1 2.6 24 2.5 2.1 2.5
Re ppm NA NA NA NA NA <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm <l <1 <1 <1 <1 <0.05 <0.05 <0.05 <0.05 <0.05
Tl ppm <1 <1 <1 <1 <1 0.2 0.2 0.2 0.2 0.1
Pb ppm 10 16 19 21 16 23.4 23.8 27.4 25.5 25.1
Bi ppm <1 <1 <1 <1 <1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 12 57 112 63 84 80.6 67.2 89.1 71.3 70
Pr ppm 2 24 11 7 9 8.54 7.21 9.55 7.75 7.59
Nd ppm 8.42 12.72 13.26 3.15 2.82 31.4 26.4 343 28.1 28.2
Sm  ppm <l 3 5 3 4 5.92 4.96 6.4 5.24 5.16
Eu ppm <l <1 <1 <1 <1 1.59 1.31 1.57 1.38 1.4
Gd  ppm 1 6 10 7 8 5.97 5.05 6.29 53 5.08
Tb ppm <l <1 <1 <1 <1 0.73 0.62 0.78 0.64 0.64
Dy ppm <l <1 <1 <1 <1 3.92 3.27 4.19 3.44 3.49
Ho ppm <1 <l <l <l <l 0.78 0.65 0.82 0.65 0.69
Er ppm 0.33 0.29 0.43 0.23 0.14 223 1.87 24 1.89 2
Tm  ppm <1 <l <l <l <l 0.32 0.27 0.35 0.27 0.29
Yb ppm 1 2 3 2 2 2.07 1.74 221 1.74 1.87
Lu ppm <l <1 <1 <1 <1 0.3 0.25 0.31 0.24 0.26
Th ppm <1 <l 1.36 <l <l 133 10.8 15.2 11.4 10.8
U ppm <l 1.04 2.01 1.18 <1 2.99 3.26 3.44 3.17 2.55
Eu/Eu* 2.65 0.54 0.32 0.5 0.41 0.82 0.8 0.76 0.8 0.84

(La/Yb), 4.05 11.8 13.03 14.16 18.54 14.23 13.6 14.34 14.84 13.38
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Appendix 1. Continued.

Element Units TR1-06M TRI1-07M  TR1-08M  TR1-09M  TRI-10M  TRI-1IM  TRI1-12M  TRI-13M  TRI1-14M

Li ppm 8.8 11.2 11.1 12.5 13.1 13.5 114 13.1 12
Be ppm 4.5 4.2 43 4.2 4.4 4.5 4.3 4.5 39
Na % 191 0.019 0.0176 0.0155 0.0186 0.0217 0.0245 0.0255 0.0221
Mg ppm 6340 5280 6930 6290 4750 6680 7960 0.01 4940
Al % 8.83 0.0805 0.0892 0.0773 0.0908 0.0926 0.0934 0.0942 0.0869
P ppm 1920 1970 2030 2160 2060 2220 2200 1960 2210
S ppm <50 <50 <50 <50 <50 <50 159 221 <50
K % 5.81 0.0539 0.0521 0.053 0.0566 0.055 0.0639 0.048 0.0439
Ca % 2.84 0.0253 0.0357 0.0308 0.0261 0.0303 0.0264 0.0333 0.0229
Sc ppm 5 4 5 3 4 6 7 6 5
Ti ppm 2240 2150 2970 2420 1970 2600 3090 3420 2620
v ppm 108 110 117 121 105 107 107 97 108
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 529 639 644 758 737 943 778 812 707
Fe % 3.14 0.0352 0.0329 0.0347 0.0354 0.0357 0.035 0.0327 0.0374
Co ppm 8.3 8.6 9.8 10.2 8.4 9.8 9.5 9.2 8.3
Ni ppm 5 5 6 8 6 5 4 3 5
Cu ppm 55.9 87 30.7 32.1 93.9 209.7 293.5 772.1 73.9
Zn ppm 58.9 58.7 64.1 65.4 58.2 59.3 56.5 52.4 58.9
Ga ppm 19.2 18.6 18.6 18.5 19.3 18.5 18.5 17.6 18.6
Ge ppm 0.64 0.59 0.55 0.53 0.73 0.65 0.65 0.65 0.61
As ppm 26.1 233 47.1 413 47.9 41.9 30.8 27.4 29.4
Se ppm 0.36 0.31 0.38 0.35 0.33 0.32 0.38 0.33 0.26
Rb ppm 157 115 133 84.9 130 129 182 144 117
Sr ppm 632 596 655 618 645 685 633 626 615
Y ppm 16.6 11.7 16.4 8.93 14.6 17.6 22 20.2 14.7
Zr ppm 110 103 128 89 104 123 142 142 129
Nb ppm 9.2 8.3 11.9 8.3 7 8.9 11 11.5 9
Mo ppm 2.6 22 2.6 2.1 1.8 1.9 22 2.1 1.9
Ag ppm 0.05 0.05 0.08 0.05 0.08 0.13 0.12 0.18 0.06
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In ppm 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04
Sn ppm 1.3 1.2 L5 1.1 1 1.3 1.8 1.9 1.5
Sb ppm 23 2.7 3.6 2.7 1.5 1.3 1.5 1.5 1.7
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 32 3.1 4.4 39 34 2.7 1.9 14 2.1
Ba ppm 1270 1160 1360 1360 1320 1510 1340 1310 1270
La ppm 43.4 28.7 39.6 21.2 38.6 423 57.3 50.5 37.1
Hf ppm 2.88 2.75 332 245 2.83 3.26 3.66 3.76 3.36
Ta ppm 0.3 0.25 0.4 0.24 0.22 0.26 0.31 0.33 0.27
w ppm 2.7 24 22 23 22 2.5 2.6 2.5 24
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm 0.06 0.37 <0.05 <0.05 <0.05 0.07 0.11 0.16 <0.05
Tl ppm 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.2
Pb ppm 24.8 25.3 24.8 21.9 22.8 252 29.2 27.8 27.1
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 79.7 55 73.8 41.6 72.8 78.5 101 92 69
Pr ppm 8.65 5.99 8.09 4.54 7.89 8.61 11.1 10.1 7.48
Nd ppm 31.9 22.1 29.6 17 28.9 314 40.1 36.4 27.2
Sm ppm 5.72 4.16 5.57 3.26 5.25 5.87 7.16 6.76 5.05
Eu ppm 1.55 1.13 1.52 0.95 1.45 1.62 1.89 1.69 1.37
Gd ppm 5.85 4.18 5.58 333 5.35 5.96 7.32 6.48 4.94
Tb ppm 0.68 0.51 0.68 0.39 0.63 0.73 0.89 0.82 0.61
Dy ppm 3.65 2.77 3.68 2.11 3.31 3.92 4.71 4.44 3.29
Ho ppm 0.71 0.53 0.72 0.41 0.65 0.75 091 0.86 0.63
Er ppm 2.02 1.54 2.1 1.17 1.87 22 2.58 247 1.83
Tm ppm 0.29 0.22 0.3 0.17 0.27 0.31 0.37 0.35 0.26
Yb ppm 1.85 1.46 1.93 1.08 1.76 1.99 2.36 2.24 1.68
Lu ppm 0.25 0.2 0.26 0.14 0.24 0.28 0.33 0.31 0.23
Th ppm 12.7 8.37 11.5 5.82 11.7 13 17.6 15.7 11.2
U ppm 2.5 3.01 3.47 2.95 29 3.71 3.69 3.92 3.1
Eu/Eu* 0.82 0.83 0.83 0.88 0.84 0.84 0.8 0.78 0.84

(La/Yb)a 15.82 13.25 13.83 13.23 14.79 14.33 16.37 15.2 14.89
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Appendix 1. Continued.

Element Units TR2-01M TR2-02M TR2-03M TR2-04M TR2-05M TR2-06M TR2-07M TR2-08M

Li ppm 11.2 14.5 9 4.9 8.1 8.7 8.9 9
Be ppm 4.4 5 4.2 4.3 4.5 4 4.1 43
Na % 0.023 0.0224 0.0186 0.0235 0.0212 0.0208 0.0222 0.0235
Mg ppm 2460 2150 4080 2980 7560 4630 5120 4970
Al % 0.0893 0.102 0.0883 0.0604 0.0813 0.101 0.0993 0.106
P ppm 1820 2180 2020 1470 1950 2240 2250 2260
S ppm <50 <50 <50 <50 <50 <50 <50 <50
K % 0.0446 0.0645 0.049 0.0392 0.0429 0.0523 0.0609 0.0618
Ca % 0.0232 0.0111 0.0397 0.0239 0.0385 0.0298 0.0257 0.022
Sc ppm 6 7 5 1 4 6 6 6
Ti ppm 4150 4640 3020 4000 3170 3070 3620 3520
\% ppm 129 141 109 80 105 122 125 115
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 1120 1280 688 1030 1210 731 832 832
Fe % 0.0342 0.0416 0.033 0.0333 0.0353 0.0366 0.041 0.0398
Co ppm 8 12.2 11.3 9.4 10.1 10.4 8.4 8.1
Ni ppm 3 6 6 4 5 5 5 4
Cu ppm 81.5 94.6 91.2 98.6 80.3 80 70.2 61.5
Zn ppm 63.3 78.1 60.5 57.5 61.2 59.5 57 63
Ga ppm 18.3 19.9 18.3 17.6 17.3 18.5 18.4 19.3
Ge ppm 0.77 0.84 0.55 0.49 0.48 0.55 0.59 0.65
As ppm 18.2 31.4 20 18.6 21.2 24.9 24.3 235
Se ppm 0.45 0.55 0.44 0.19 0.27 0.33 0.28 0.39
Rb ppm 155 177 156 123 120 164 172 194
Sr ppm 471 576 611 431 618 713 663 654
Y ppm 26.4 27 18.5 6.2 15.6 18.4 18.1 20.4
Zr ppm 178 188 129 207 150 120 144 152
Nb ppm 17.4 17.8 11.7 20.7 11.6 9.9 12.4 132
Mo ppm 3.8 3.6 22 3.7 2.1 2 24 2.7
Ag ppm 0.08 0.18 0.13 0.11 0.08 0.08 0.1 0.09
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In ppm 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Sn ppm 1.9 1.9 1.3 1.6 14 1.3 1.5 1.5
Sb ppm 2.8 44 2 1.7 23 24 2.1 2
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 14 2.7 4.1 2.6 3 5.5 44 5.5
Ba ppm 1220 1410 1330 782 1250 1420 1510 1460
La ppm 59.4 62 47.2 19.1 372 47.7 46.7 54.2
Hf ppm 4.42 4.78 331 4.97 3.78 3.24 3.71 4.09
Ta ppm 0.5 0.5 0.3 0.58 0.34 0.26 0.34 0.85
w ppm 2.8 34 2.7 24 22 24 2.9 3
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm <0.05 <0.05 <0.05 0.08 <0.05 <0.05 <0.05 <0.05
Tl ppm 0.1 0.1 0.1 <0.1 0.1 0.1 0.1 0.1
Pb ppm 28.2 27.2 232 21.8 23.1 24.9 24.7 28.1
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 104 107 84 38.6 69.9 86.9 86.2 99.6
Pr ppm 11.4 12.1 9.25 4.05 7.59 9.38 9.41 10.8
Nd ppm 41.3 43.7 332 14.4 27.4 34.1 33.7 389
Sm ppm 7.6 7.97 6.1 2.54 5.11 6.16 6.21 6.95
Eu ppm 1.86 1.97 1.71 0.6 1.25 1.73 1.66 1.72
Gd ppm 7.58 7.96 6.22 2.51 5.01 6.16 6.08 6.68
Tb ppm 0.96 1 0.74 0.3 0.64 0.74 0.73 0.82
Dy ppm 52 5.56 3.93 1.62 3.48 3.93 3.85 4.4
Ho ppm 1.05 1.08 0.75 0.31 0.67 0.77 0.75 0.86
Er ppm 3.04 32 2.19 0.92 1.95 2.19 2.16 2.5
Tm ppm 0.44 0.47 0.31 0.13 0.28 0.31 0.32 0.36
Yb ppm 2.8 2.99 1.99 0.84 1.76 1.98 2.02 2.29
Lu ppm 0.4 0.43 0.27 0.11 0.25 0.27 0.27 0.32
Th ppm 18.4 18.8 14.2 6.9 11.9 14.5 15.1 17.9
U ppm 3 3.12 3.1 3.89 4.16 2.93 2.68 2.93
Eu/Eu* 0.75 0.76 0.85 0.73 0.76 0.86 0.83 0.77

(La/Yb)a 14.3 13.98 15.99 15.33 14.25 16.24 15.59 15.96
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Appendix 1. Continued.

Element  Units TR2-09M TR2-10M TR2-11M TR2-12M TR2-13M TR2-14M TR2-15M TR2-16M
Li ppm 10.3 6.2 9.3 5.5 6.8 7.3 6.3 4.4
Be ppm 4.5 2.7 4.5 34 3.8 3.7 32 4
Na % 0.0219 0.0234 0.022 0.0245 0.0202 0.0222 0.0223 0.0247
Mg ppm 4870 2160 7890 3510 4910 4960 3860 8190
Al % 0.107 0.0848 0.104 0.0977 0.0897 0.103 0.1 0.103
P ppm 2300 1200 2310 2190 2110 2180 1810 1910

S ppm 53 <50 <50 <50 <50 52 <50 1870
K % 0.0619 0.0427 0.0667 0.048 0.043 0.0626 0.0604 0.0779
Ca % 0.0301 0.0398 0.0297 0.0158 0.0319 0.0244 0.0324 0.0386
Sc ppm 5 3 7 6 6 6 6 6
Ti ppm 3320 3720 3840 3920 3270 2600 2300 2520
\% ppm 114 53 119 127 114 119 81 84
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 666 1090 1110 450 819 854 568 1400
Fe % 0.0383 9270 0.0418 0.0362 0.0348 0.0389 0.0316 0.0362
Co ppm 8.7 55 9.1 5.1 8.9 8 6.8 9.2
Ni ppm 5 <2 5 4 5 5 4 4
Cu ppm 67.2 1689 63.7 39.3 61.6 49.1 49.7 42.1
Zn ppm 61.4 25 60.3 49.7 58.7 55.5 50.2 72.5
Ga ppm 18.8 16 19.7 19.8 18.7 19.9 18.2 17.4
Ge ppm 0.57 0.77 0.56 0.61 0.48 0.53 0.56 0.6
As ppm 21.5 14.3 27.7 21 24.5 22.6 15.5 21.4
Se ppm 0.23 0.46 0.28 0.49 0.28 0.32 0.24 0.23
Rb ppm 181 158 183 164 143 194 197 207
Sr ppm 708 320 696 541 572 645 503 828
Y ppm 18.6 18.7 21.8 21.2 18.6 20.3 20.2 22.3
Zr ppm 143 264 155 180 154 128 138 121
Nb ppm 11.8 27.3 13.5 16.7 133 9.3 9.2 9.4
Mo ppm 23 3.7 2.6 3.7 23 1.9 1.9 2.1
Ag ppm 0.09 0.19 0.09 0.09 0.07 0.06 0.08 0.06
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In ppm 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Sn ppm 1.4 1.9 1.5 1.9 1.6 1.3 1.3 14
Sb ppm 1.8 1 2.2 2.9 2.8 3.1 3.1 32
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 6 1 4.2 3.7 4.6 4.3 4.2 2.6
Ba ppm 1460 287 1730 1370 1280 1310 1060 6910
La ppm 47.5 61.2 53.2 57.6 45.4 56.5 60.2 55.5
Hf ppm 3.66 6.18 3.86 4.7 391 3.38 3.55 322
Ta ppm 0.78 1.17 0.53 0.56 0.43 0.29 0.33 0.29
w ppm 2.5 2.6 35 3 2.8 2.9 22 22
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tl ppm 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1
Pb ppm 25.9 20.1 27.1 28.8 25.9 30.8 28.4 32.6
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 88.6 112 94.9 105 83.9 101 107 99.3
Pr ppm 9.6 11.9 10.5 11.4 9.12 10.8 11.4 10.6
Nd ppm 352 40.6 37.4 40.3 329 38.5 40.7 374
Sm ppm 6.4 7.34 6.91 7.35 6.14 7.11 7.28 6.8
Eu ppm 1.63 1.23 1.91 1.87 1.57 1.87 1.64 2.1
Gd ppm 6.34 7.15 7.05 7.45 6.11 7.21 7.24 8.28
Tb ppm 0.76 0.85 0.85 0.87 0.74 0.84 0.82 0.83
Dy ppm 4.05 4.34 4.55 4.54 3.98 4.31 4.31 4.55
Ho ppm 0.78 0.8 0.86 0.87 0.79 0.83 0.82 0.88
Er ppm 221 2.29 2.51 2.47 227 2.38 2.35 2.61
Tm ppm 0.33 0.32 0.36 0.36 0.33 0.35 0.34 0.39
Yb ppm 2.06 2 231 2.29 2.11 22 2.19 2.65
Lu ppm 0.29 0.28 0.32 0.31 0.3 0.29 0.31 0.36
Th ppm 15.6 26.4 16.5 19.7 14.1 17.6 21 21
U ppm 3.15 5.86 2.72 3.11 3.12 2.97 3.31 35
Eu/Eu* 0.78 0.52 0.84 0.77 0.78 0.8 0.69 0.86
(La/Yb), 15.55 20.63 15.53 16.96 14.51 17.31 18.53 14.12
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Element  Units TR2-17M  TR2-18M  TR2-19M  TR2-20M _ TR2-2IM _ TR2-22M  TR2-23M __ TR2-24M
Li ppm 49 8 5.9 6.1 9.8 8.6 8.1 6.4
Be ppm 3.4 4.1 4 3.6 4 3.5 38 4
Na % 0.0211 0.0196 0.0216 0.0276 0.0241 0.0265 0.0268 0.0251
Mg ppm 7990 9010 6390 3190 5420 4410 4380 5680
Al % 0.0897 0.0986 0.104 0.103 0.111 0.104 0.105 0.0944
P ppm 1850 2310 2330 1820 2490 2380 2200 2070

S ppm <50 <50 <50 <50 96 82 108 273
K % 0.0571 0.0616 0.0647 0.0483 0.0732 0.0638 0.0546 0.0466
Ca % 0.0319 0.0238 0.0229 0.015 0.0278 0.0276 0.0284 0.0328
Sc ppm 6 6 6 5 7 6 7 7
Ti ppm 2770 2210 2640 3470 3330 2740 3570 3560
\% ppm 103 126 114 117 129 117 124 134
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 859 791 643 493 795 665 884 1230
Fe % 0.0314 0.0368 0.0361 0.0331 0.0295 0.0407 0.039 0.03
Co ppm 9.4 8.6 9.6 5.6 8.2 6.6 7.8 7.6
Ni ppm 4 5 5 3 4 4 3 3
Cu ppm 57 66.9 60.2 1130 2227 2943 819.3 1918
Zn ppm 54.8 55.4 62.4 47.4 64.4 52.6 66.7 56.1
Ga ppm 17.2 18.5 18.4 18.7 19.3 18.4 19.2 18
Ge ppm 0.45 0.49 0.58 0.62 0.55 0.57 0.63 0.6
As ppm 19.7 20 18.6 26.7 20.8 13.4 23.2 39.6
Se ppm 0.27 0.25 0.29 0.35 0.53 0.34 0.4 0.59
Rb ppm 181 199 198 180 198 176 168 169
Sr ppm 631 676 698 503 711 689 623 582
Y ppm 20.7 20.4 21.2 21.2 21.1 17.8 21.5 233
Zr ppm 147 122 127 164 120 112 148 164
Nb ppm 11.9 7.8 9.1 14.9 10.8 8.2 11.7 13.1
Mo ppm 24 1.7 22 25 1.6 1.6 23 22
Ag ppm 0.06 0.06 0.09 0.19 0.33 0.08 0.17 0.36
cd ppm <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.05 <0.05
In ppm 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
Sn ppm 1.4 12 1.4 2.1 1.6 1.4 18 18
Sb ppm 29 28 23 2.4 2 1.9 2.1 1.9
Te ppm <02 <02 <02 <02 <02 <02 <02 <02
Cs ppm 28 7 6.3 2 52 3.6 25 18
Ba ppm 1350 1530 1520 1270 1610 1690 1490 1350
La ppm 53.4 53 543 64.1 54.8 45.7 56.8 57.7
Hf ppm 3.73 3.16 3.33 439 3.38 3.18 4.05 4.14
Ta ppm 0.31 0.16 021 0.4 0.24 0.18 0.31 0.33
w ppm 2 25 29 3 2.7 25 29 3
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm <0.05 <0.05 <0.05 0.62 0.53 0.09 0.41 2.2
Tl ppm 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2
Pb ppm 25.8 28.2 28.7 30.4 32.1 29.7 32.6 32.5
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 94.8 95.9 95.7 115 98.1 84 102 101
Pr ppm 10 10.2 10.3 12.1 10.5 9.18 11.1 11
Nd ppm 35.7 37.2 36.7 42.4 37.8 329 393 39.1
Sm ppm 6.49 6.74 6.65 7.6 6.87 6.08 7.1 7.22
Eu ppm 1.71 1.88 1.83 1.67 1.74 1.61 1.79 1.79
Gd ppm 6.73 6.64 6.86 7.67 6.86 6.04 7.16 7.28
Tb ppm 0.8 0.79 0.82 0.89 0.81 0.73 0.85 0.89
Dy ppm 4.34 4.18 4.38 4.58 4.35 3.89 4.5 4.81
Ho ppm 0.83 0.81 0.84 0.86 0.83 0.73 0.88 0.94
Er ppm 241 231 2.44 2.49 241 2.08 2.57 2.68
Tm ppm 0.35 0.33 0.35 0.36 0.34 0.3 0.36 0.4
Yb ppm 228 2.17 23 229 2.14 1.92 235 2.58
Lu ppm 0.31 0.29 0.32 0.32 0.3 0.26 0.32 0.36
Th ppm 17.4 16.3 17.4 23.1 17.2 143 19 18.6
U ppm 4.1 3.63 2.88 3.76 3.48 2.92 3.69 4.54
Eu/Eu* 0.79 0.86 0.83 0.67 0.77 0.81 0.77 0.75
(La/Yb), 15.79 16.47 15.92 18.87 17.26 16.05 16.03 15.08
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Appendix 1. Continued.

Element Units TR2-25M TR2-26M TR2-27M TR3-01M TR3-02M TR3-03M TR3-04M TR3-05M
Li ppm 6.6 10.7 9.7 19.8 14.8 12.1 15 15.6
Be ppm 38 4.8 35 4.7 38 6.7 4 4.6
Na % 0.0265 0.0208 0.0202 0.0182 0.022 0.0214 0.0236 0.023
Mg ppm 4760 6230 2970 1610 769 2810 1020 918
Al % 0.0955 0.104 0.0708 0.0728 0.0927 0.0817 0.0962 0.0939

P ppm 2000 2400 1920 1920 2150 2210 2110 2080
S ppm 73 56 54 3170 299 4770 233 1320
K % 0.0519 0.0546 0.0403 0.0371 0.0444 0.0504 0.0633 0.0469
Ca % 0.0265 0.0328 0.0346 0.0119 7610 0.0169 0.0138 7850
Sc ppm 7 6 5 4 4 7 6 6
Ti ppm 3210 2180 4360 5390 5840 5260 5920 6130
\% ppm 128 107 122 255 200 1340 165 298
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 871 728 1180 1020 350 683 610 275
Fe % 0.0333 0.0365 0.0351 0.0124 0.0176 0.0282 0.0232 0.0208
Co ppm 6.3 10.7 6 11 6.4 27.7 7.4 8.6
Ni ppm 3 5 3 4 3 8 4 5
Cu ppm 1009 87.9 1555 5979 527.4 656.7 1574 2694
Zn ppm 51.3 63.4 48.9 63.6 44 135 423 56.8
Ga ppm 19.4 18.2 17.8 19.2 20.7 20.3 20.2 20.3
Ge ppm 0.62 0.53 0.83 1.35 1.34 1.59 1.23 1.52
As ppm 25.8 222 24 163 60.5 492 57.5 142
Se ppm 0.33 0.28 0.32 1.16 0.39 20.8 0.56 2.05
Rb ppm 182 164 128 137 171 170 200 168
Sr ppm 544 692 468 306 374 427 460 435
Y ppm 233 20.9 17.1 132 16.9 12.1 21.2 153
Zr ppm 160 103 159 304 252 220 213 244
Nb ppm 12.3 6.2 16.2 26.3 252 20.4 21.5 23.5
Mo ppm 23 14 2.8 33 4.2 5.4 39 4.3
Ag ppm 0.2 0.13 0.12 1.3 0.37 1.2 0.36 0.58
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 0.07 <0.05 <0.05
In ppm 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04
Sn ppm 1.7 1.1 1.7 2.5 2.6 2.1 24 23
Sb ppm 2 2.5 23 3.6 4 4.8 3.1 4
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 24 7.6 2.5 2 2 3.1 2.1 2.9
Ba ppm 1400 1570 1310 880 1120 1270 1440 1270
La ppm 60.2 52.7 38.7 273 434 27.4 49.8 37
Hf ppm 434 2.76 4.05 6.86 5.94 5.21 5.14 5.73
Ta ppm 0.31 0.11 0.85 1.45 1.33 1.04 1.14 1.23
w ppm 2.8 24 3 32 35 2.8 2.9 2.8
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 <0.01
Hg ppm 0.82 <0.05 <0.05 1.8 0.95 34 0.51 8.8
Tl ppm 0.1 0.1 0.1 1.6 0.6 1.7 0.4 1.1
Pb ppm 28.4 26 26.8 26.6 26.5 65.1 25.6 31.5
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 108 93.9 70.2 49.4 82.2 51.9 91.6 69.6
Pr ppm 11.5 10.1 7.49 533 8.78 5.63 9.95 7.27
Nd ppm 41.1 36.3 26.6 18.8 30.8 19.8 353 25.7
Sm ppm 7.37 6.58 5.01 3.51 5.74 3.78 6.54 4.84
Eu ppm 1.83 1.84 1.34 0.78 1.32 1.04 1.6 1.24
Gd ppm 7.52 6.83 5.82 4.02 6.26 4.27 7.15 5.42
Tb ppm 0.9 0.8 0.66 0.47 0.71 0.49 0.81 0.61
Dy ppm 4.79 4.24 3.62 2.67 3.85 2.89 4.42 3.46
Ho ppm 0.92 0.82 0.62 0.49 0.66 0.51 0.77 0.59
Er ppm 2.68 235 1.81 1.54 1.95 1.55 223 1.76
Tm ppm 0.4 0.34 0.25 0.22 0.26 0.22 0.3 0.24
Yb ppm 2.51 2.37 1.74 1.69 1.94 1.71 2.19 1.77
Lu ppm 0.36 0.3 0.27 0.27 0.28 0.26 0.33 0.27
Th ppm 20.6 16.4 11.7 11.2 19.8 11.1 18.5 16.2
U ppm 3.84 291 3.51 11.8 7.7 153 6.95 7.28
Eu/Eu* 0.75 0.84 0.76 0.63 0.67 0.79 0.72 0.74
(La/Yb)a 16.17 14.99 14.99 10.89 15.08 10.8 15.33 14.09
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Appendix 1. Continued.

Element Units TR3-06M  TR3-07M  TR3-08M  TR3-09M  TR3-10M TR3-11M TR3-12M  TR3-13M
Li ppm 23 16.8 15 16.8 10.3 10.8 16.5 19.5
Be ppm 4.2 4.7 4.6 5 4.2 4.4 39 3.8
Na % 0.0227 0.0229 0.0234 0.0216 0.0238 0.0242 0.0212 0.02
Mg ppm 1130 1160 1060 991 1030 1850 2060 2790
Al % 0.108 0.101 0.0976 0.0886 0.0849 0.0876 0.0961 0.0825
P ppm 2400 2180 2180 2020 2150 1980 2290 2010

S ppm 633 1010 754 465 89 812 136 726
K % 0.0677 0.0499 0.0407 0.0376 0.0501 0.0511 0.0569 0.0492
Ca % 9340 9280 9930 8170 0.0145 0.014 0.0141 0.0159
Sc ppm 8 6 6 8 4 6 7 5
Ti ppm 6420 6210 6230 5490 5600 5600 4410 5120
\% ppm 230 298 294 475 204 265 206 462
Cr ppm <2 <2 <2 <2 <2 <2 <2 <2
Mn ppm 347 255 415 576 586 730 628 395
Fe % 0.0144 0.0159 0.0273 0.0333 0.0403 0.0219 0.0274 0.0259
Co ppm 10.7 10.8 13.7 13.8 11.4 15.7 15 13.1
Ni ppm 3 5 6 6 4 5 6 6
Cu ppm 10600 3646 1836 9469 317.4 2790 887.2 13400
Zn ppm 413 57.7 59.4 72.6 65.3 59.6 62.7 65.1
Ga ppm 19.4 20.9 21.2 18.9 19.9 19.6 20.1 17.2
Ge ppm 1.81 1.55 1.44 1.7 1.21 1.35 1.28 1.46
As ppm 126 108 121 106 31.1 136 222 27.5
Se ppm 1.31 2.36 1.49 1.51 0.5 1.42 0.46 14.3
Rb ppm 190 172 151 133 162 168 156 113
Sr ppm 458 461 448 412 447 455 535 518
Y ppm 28.5 22.7 18.1 19.5 134 133 22 12.6
Zr ppm 225 220 228 213 221 227 149 164
Nb ppm 21.7 21.7 224 20.4 21 21.5 15.9 16.4
Mo ppm 3.6 39 4.8 4.8 53 39 2.5 32
Ag ppm 1.2 0.95 0.65 1.7 0.16 0.93 0.38 14
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In ppm 0.03 0.03 0.04 0.04 0.04 0.03 0.03 0.03
Sn ppm 22 2.1 22 2 22 22 1.3 14
Sb ppm 6.9 53 4.2 3.7 32 2.8 2.1 2.6
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 2.5 3.1 3 2.1 23 2.8 2.6 32
Ba ppm 1300 1360 1340 1400 1360 1350 1420 1390
La ppm 61.2 51 424 40.8 30.5 25.8 47.8 29
Hf ppm 5.57 5.31 5.48 5.16 5.27 53 4.11 4.45
Ta ppm 1.14 1.12 1.17 1.11 1.1 1.1 0.79 0.85
w ppm 3.1 2.5 3 35 2.8 2.6 2.9 23
Re ppm <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm 2.8 18 4.2 1.8 0.42 2.8 0.77 0.28
Tl ppm 0.6 1 1 0.7 0.4 1.1 0.3 0.2
Pb ppm 27.9 36.6 30.6 29.7 25.5 31.2 22 27.9
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 109 90.7 79.4 77.9 58.9 52.2 87.9 54.7
Pr ppm 12 9.86 8.43 8.43 6.47 5.57 9.48 6.01
Nd ppm 423 34.7 30.2 30.6 22.8 20.1 34 21.4
Sm ppm 7.66 6.18 5.52 5.75 4.16 4.03 6.24 4.04
Eu ppm 1.81 1.59 1.37 1.35 1.01 1.02 1.54 1.07
Gd ppm 8.54 7.13 5.95 6.31 4.63 42 6.9 4.53
Tb ppm 0.99 0.8 0.7 0.76 0.52 0.57 0.81 0.52
Dy ppm 5.44 4.55 3.85 4.39 2.84 3.28 4.53 293
Ho ppm 0.98 0.81 0.69 0.78 0.5 0.6 0.8 0.51
Er ppm 2.96 24 2 242 1.46 1.85 237 1.5
Tm ppm 0.41 0.33 0.28 0.35 0.2 0.26 0.33 0.21
Yb ppm 3.03 2.39 2.01 2.68 1.44 1.95 2.34 1.5
Lu ppm 0.48 0.37 0.31 0.42 0.22 0.29 0.37 0.22
Th ppm 21.7 19.1 17.8 16.4 11.5 12.2 16.1 9.94
U ppm 14.6 6.12 5.63 6.62 4.68 5.96 4.65 4.19
Eu/Eu* 0.68 0.73 0.73 0.69 0.7 0.76 0.72 0.76

(La/Yb)a 13.62 14.39 14.22 10.26 14.28 8.92 13.77 13.03




VE) sy pgo 5 olniy 0 )lad oo s Jlo oS50l g iy

N4

Aalol Y Cowgy

Appendix 1. Continued.

Element Units TR3-14M TR4-01M TR4-02M TR4-03M TR4-04M TR4-05M TR4-06M TR4-07M TR4-08M TR4-09M
Li ppm 20.5 11.7 10.9 10.9 45.4 10.1 11.1 10.3 11.1 8.8
Be ppm 39 4.2 39 39 52 4 37 33 3.6 3.7
Na % 0.0201 0.0196 0.0201 0.0218 0.0122 0.0185 0.0193 0.0251 0.0248 0.0253
Mg ppm 2260 2080 2380 1600 1230 2120 2390 1240 2160 2060
Al % 0.0884 0.0838 0.09 0.0866 0.0524 0.0634 0.0833 0.0879 0.0896 0.0874

P ppm 2140 2300 2260 2040 1390 2240 2230 2080 2380 2110
S ppm 519 <50 <50 <50 <50 <50 <50 53 99 64
K % 0.0576 0.0446 0.0373 0.0389 0.0403 0.0371 0.0468 0.0374 0.0529 0.0376
Ca % 0.0105 0.0131 0.0176 0.0191 0.0165 0.0203 0.0256 0.012 0.0252 0.0164
Sc ppm 5 4 6 5 2 2 5 5 6 5
Ti ppm 5100 4560 4830 4900 3450 4530 4510 5420 5580 5520
\% ppm 357 156 164 147 101 162 158 149 164 152
Cr ppm <2 <2 <2 <2 3 <2 <2 <2 <2 <2
Mn ppm 318 389 513 690 626 715 465 454 671 529
Fe % 0.0311 0.0348 0.0368 0.0353 0.0215 0.035 0.0335 0.0347 0.0381 0.0395
Co ppm 8.5 6.7 7.7 7.7 6 8.2 7.1 7.5 7.2 6.3
Ni ppm 5 5 5 4 3 5 5 4 3 3
Cu ppm 8507 49.4 29 54.2 5957 30.8 25.7 322 20.7 242
Zn ppm 61.4 48.5 48.2 44 38.8 45 44.6 51.4 56.5 50.1
Ga ppm 18.4 20.2 19.7 18.7 11.9 18.5 19.4 19.4 19.6 19.6
Ge ppm 1.41 1.14 1.12 1.07 2.84 0.89 1 1.11 1.1 1.14
As ppm 22.6 28.7 29.1 324 24.7 24.1 24.6 25.5 18.1 19.6
Se ppm 12.8 0.19 0.21 0.19 0.16 0.2 0.23 0.14 0.23 0.16
Rb ppm 133 143 126 122 111 109 145 138 173 135
Sr ppm 548 544 576 531 357 503 532 462 492 458
Y ppm 13.2 10.9 18.7 13.7 4.5 6.98 16.9 152 18.1 16
Zr ppm 174 184 183 191 123 171 176 217 200 218
Nb ppm 17.3 17 17.3 17.8 11.5 15.8 16.2 20.8 19.8 21.3
Mo ppm 33 4.2 44 4 2.6 35 38 4.9 4.9 55
Ag ppm 1 0.06 0.06 0.06 0.19 0.07 0.06 0.08 0.06 0.08
Cd ppm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
In ppm 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.05 0.05
Sn ppm 1.6 1.8 2 1.8 13 1.8 1.9 23 22 2.5
Sb ppm 32 1.7 2 2.4 6.5 22 22 2 1.9 2.1
Te ppm <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Cs ppm 3 2.8 2.5 2.1 1.5 2 2.1 1.8 24 23
Ba ppm 1490 1550 1560 1390 940 1380 1550 1350 1460 1430
La ppm 34.9 30.2 452 30.8 18.9 15 37.8 343 44.2 38.7
Hf ppm 4.5 4.28 443 4.52 2.93 3.93 4.1 5.17 4.83 5.23
Ta ppm 0.86 0.85 0.88 0.92 0.56 0.76 0.82 1.09 1.03 1.12
w ppm 24 2.9 2.6 2.6 1.7 2.1 24 2.6 2.6 2.8
Re ppm <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg ppm 0.32 <0.05 <0.05 <0.05 <0.05 <0.05 0.12 <0.05 <0.05 <0.05
Tl ppm 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2
Pb ppm 33.8 26 25.5 24.6 16.3 23.1 24.8 27.9 272 27.9
Bi ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce ppm 62.6 58.4 81.4 57.2 35.8 30.5 69.6 66.9 81.2 71.1
Pr ppm 6.8 6.3 8.95 6.21 3.53 3.31 7.82 7.28 8.83 7.8
Nd ppm 243 22.7 32.3 22.4 11.9 12 28.1 26.1 314 28.1
Sm ppm 4.4 4.2 5.95 4.29 1.98 227 525 5.03 5.85 5.38
Eu ppm 1.23 1.17 1.61 1.19 0.52 0.74 1.44 1.27 1.5 1.37
Gd ppm 5.06 4.65 6.5 4.76 241 2.64 592 5.37 6.43 5.84
Tb ppm 0.54 0.52 0.75 0.55 0.22 0.3 0.67 0.64 0.72 0.68
Dy ppm 291 2.78 3.99 3.09 1.22 1.68 3.67 3.52 3.99 3.7
Ho ppm 0.51 0.47 0.69 0.53 0.21 0.3 0.63 0.6 0.69 0.62
Er ppm 1.47 1.38 1.98 1.56 0.57 0.86 1.86 1.73 1.94 1.78
Tm ppm 0.2 0.19 0.26 0.21 0.07 0.12 0.26 0.24 0.26 0.23
Yb ppm 1.43 1.33 1.95 1.53 0.55 0.88 1.81 1.7 1.85 1.68
Lu ppm 0.21 0.2 0.29 0.23 0.08 0.13 0.27 0.26 0.28 0.25
Th ppm 11.1 12.1 14.9 11.1 5.42 5.57 13 15.5 15.2 14.6
U ppm 3.93 3.07 3.1 2.95 2.05 3.12 3.1 2.63 2.79 <l
Eu/Eu* 0.8 0.81 0.79 0.81 0.73 0.92 0.79 0.75 0.75 16.11
(La/Yb), 16.45 15.31 15.63 13.57 23.17 11.49 14.08 13.6 0.75 15.53




