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Abstract

Geochemical and Sr-Nd isotopic data are reported for late Paleogene potassic lamprophyres from
western Yunnan, southeastern margin of the Tibetan Plateau. These lamprophyres are mostly
ultrapotassic in composition with K,;0/Na,0 = 2.1 10 5.2, except for a few samples with shoshonilic
affinity showing slightly lower K,0/NayO = 1.6 to 1.7. They are characterized by high initial 81Sy/
86Sr ratios of 0.70624 to 0.70924; negative eNd(T) values of —1.7 to —4.6; enrichment in large-ion
lithophile elements, light rare-earth elements, and Pb; and depletion in high-field-strength ele-
ments, resembling those of high K/Ti and low-Ti potassic magmas formed in subduction-related
settings. These lamprophyres were generated by partial melting of a metasomatized, phlogopite-
bearing spinel harzburgite lithospheric mantle source, followed by crystal fractionation and varying
degrees of crustal assimilation. Relatively constant incompatible trace element ratios, such as Rb/
Sr (~0.2), Rb/Ba (~0.1), La/Sm (~5), Th/K (~0.0003), and Nb/La (~0.2), and limiled Sr and Nd
isotopic compositions in the ultrapotassic rocks possibly reflect an evenly distributed metasoma-
lized mantle source. With a general similarity in geochemistry, the potassic and ultrapotassic mag-
mas from southeastern (40-30 Ma) and northern (<15 Ma) parts of the Tibetan Plateau display
obvious differences in Th/U, Rb/Sr, and Sr-Nd isotopes. These differences in geochemistry and Sr-
Nd isotopes suggest contrasting subcontinental lithosphere mantle bulk compositions beneath the
southeaslern and northern parts of the Tibetan Plateau, caused by melasomatism involving sub-

ducted sediments from distinct crustal provenances.

Introduction

POTASSIC 1GNEOUS ROCKS, although volumetrically
insignificant, occur in almost all tectonic settings
except for mid-ocean ridges. In general, they may be
grouped inlo lwo main categories: (1) those formed
at destructive plate margins including continental
arcs, oceanic arcs, and post-collisional arcs; and (2)
those formed in continental and oceanic intraplate
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settings (e.g., Miiller and Groves, 1995). Tt is now
widely accepted that mafic potassic magmas are
mostly formed by small degrees of melting of either
metasomatized subcontinental lithospheric mantle
(SCLM), or of metasomatic veins within the SCLM
(e.g. Wyllie and Sekine, 1982; McKenzie, 1989;
Foley, 1992; Rogers, 1992; Sheppard and Taylor,
1992; Gibson el al., 1993; Zhao et al., 1995; Can-
ning et al., 1996; Tumer et al., 1996; Rogers et al.,
1998). Such melts, therefore, provide an important
window into the composition of the SCLM.
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The collision of India with Asia since the Early
Cenozoic has created the Tibetan Plateau, which is
characterized by widespread post-collisional, potas-
sic magmatism (e.g., Tuner et al., 1993, 1996;
Chung et al., 1998). In the northern and western
portion of the Plateau, postassic magmatism has
been active since ~25 Ma, and has been the subject
of intensive study (e.g., Araud et al., 1992; Tuner et
al., 1993, 1996; Miller et al., 1999). In contrast, in
the eastern portion of the Plateau, potassic magma-
tism was active between 40 and 30 Ma (Chung et al.,
1998), and only limited geochemical data are avail-
able (Zhang et al., 1987; Zhu et al., 1992). To pro-
vide a more comprehensive data set of geochemical
characteristics and place better constraints on the
composition of the SCLM beneath the southeastern
margin of the Tibetan Plateau, this paper presents a
detailed geochemical and Sr-Nd isotopic study of
the Late Paleogene potassic lamprophyres around
the Diancang Shan-Ailao Shan shear zone in west-

ern Yurnnan (South China).

Geological Background
and Lamprophyre Petrography

The Ailao Shan—Diancang Shan Shear zone is a
major segment of the Red River shear zone that
extends over 1000 km from the eastern end of the
Himalayan syntaxis in western Yunnan Province
(South China) to the Tonkin Gulf, northern Vietnam
(Fig. 1). It represents the most pronounced morpho-
logic and geologic discontinuity in Southeast Asia
that resulted from the collision of India with Asia
(e.g., Tapponnier et al., 1982). Along this shear
zone, the Indochina Block extruded ~600 km south-
eastward relative to the South China Block in mid-
Tertiary time (Leloup et al., 1995; Chung et al.,
1997; Wang et al., 1998). This large-scale continen-
tal extrusion was preceded by the occurrence of
widespread potassic magmatism in the eastern
Tibetan Plateau, ascribed to an intraplate extension
setting in the region resulting from convective
removal of the thickened Asian lithospheric mantle
(Chung et al., 1997, 1998).

In western Yunnan, WNW-trending potassic to
ultrapotassic lamprophyric dikes oceur extensively
to both sides of the Ailao Shan-Diancang Shan shear
zone (Fig. 1). Previous *0Ar-3%Ar dating for six mica
separates indicated that lamprophyres from the
study area were emplaced at 33—-34 Ma, coeval with
the potassic magmatism of 30—40 Ma in eastern
Tibet (Chung et al., 1998). All the lamprophyric
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dikes are undeformed and are intruded into pre-
Cenozoic country rocks. The thickness of the dikes
varies from 0.4 to 1.5 m. In general, they were
intruded along joint planes in the country rocks
against which some of them have chilled margins.
The lamprophyre dikes show typical porphyritic tex-
tures, with phlogopite as the dominant phenocrysts
in a glassy to fine-grained groundmass. Large (1-4
mm), euhedral phlogopite phenocrysts are set in a
groundmass of mainly felsic components. Four pet-
rographic types of lamprophyres can be distin-
guished in terms of phenocryst mineralogy: (1)
phlogopite phyric; (2) phlogopite-clinopyroxene
phyric; (3) phlogopite-apatite phyric; and (4) phlo-
gopite-amphibole phyric. Most clinopyroxene phe-
nocrysts are surrounded by secondary amphibole.
Phenocryst mineralogy is dominated by large
phlogopites with variably high Mg# values of 0.77 to
0.87, variable TiO, (0.73-1.57%) and Al, 0, (12.5~
13.5%) contents (Table 1). The clinopyroxene phe-
nocrysts are euhedral, with variably high MgO
(15.76-19.16%) and Ca0 (18.14-23.92%) con-
tents. Amphibole phenocrysts are characterized by
high MgO content (19.9%). Plagioclase feldspars
are sodium rich, with Na,O contents of 5.2-5.7%.
The groundmass minerals are mainly orthoclase,
plagioclase, apatite, fine-grained phlogopite, and
quartz. Alteration products consist mainly of epi-
dote, clays, or carbonate replacement after saussur-
ritization. Among the potassic rocks in the study
area, the lamprophyres are the most mafic. Thus,
they are considered appropriate to be used in con-
straining the regional SCLM compositions.

Analytical Method

Major-element oxides were determined using a
Rigaku RIX 2000 X-ray fluorescence spectrometer
(XRF) at the Department of Geosciences, National
Taiwan University, following the procedures of Lee
et al. (1997). Analytical uncertainties are generally
better than 19%-5%. Trace elements were analyzed
using a Perkin-Elmer ELAN 6000 inductively cou-
pled plasma mass spectrometer (ICP-MS) at the
Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences. Detailed procedures for
trace-element analysis by 1CP-MS were described
by Li (1997). An internal standard solution contain-
ing the single element Rh was used to monitor signal
drift during counting. The international standard
BCR-1 was chosen to calibrate element concentra-
tions of measured samples. Analytical precision for
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FIG. 1. Simplified geological map of western Yunnan Province (modified after Bureau of Geology and Mineral
Resources of Yunnan Province, 1990), showing the distribution of Late Paleogene lamprophyres. The inset is a tectonic

sketch map of Southeast Asia, modified after Tapponnier et al. (1982).

most elements is better than 3%. Sr isotopic compo-
sitions were determined using a VG-354 mass spec-
trometer operated in dynamic multi-collector mode
at Guangzhou Institute of Geochemistry. Nd isotopic
compositions were determined using a Finnigan
MAT-262 mass spectrometer operated in a static
multi-collector mode at the Research Center of Geo-
science, Chinese Academy of Sciences in Beijing.
The 87Sr/%0Sr ratio of the NBS 987 standard and
VIBNJ/MMN( ratio of the La Jolla standard measured
during this study were 0.710310 = 15 (20, ) and
0.511852 + 8 (26,), respectively. The measured
87Sr/%Sr and "3Nd/'™Nd ratios are normalized to
86Sr/88Sr = 0.1194 and MONd/"*Nd = 0.7219,

respectively.

Results

Major and trace elements

Seventeen least-altered potassic lamphrophyre
samples from western Yunnan were collected for
major- and trace-element analyses. Results are pre-
sented in Table 2. All of the samples are alkaline
and range from trachy-basaltic to trachytic composi-
Lion in terms of a total alkalis-silica plot (Fig. 2A).
Most samples have an ultra-potassic character, with
K,0/Na,0 = 2.1 to 5.2, except for two samples
(96YN137 and 96YN142) having slightly lower
KyO/Na,O = 1.6 to 1.7, which therefore fall in the
shoshonitic field (Fig. 2B). Overall, the studied

potassic lamphrphyre samples range from relatively
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character.

primitive to evolved compositions with 0.73 to 0.65
for Mg# value, 415 to 153 ppm for Cr, and 244 to 71
ppm for Ni. Two samples (96YN140 and 96YN143)
have high MgO (14.9%-16.3%), Cr (>1000 ppm),
and Ni (>400 ppm), indicating accumulation of
clinopyroxene. SiO, and Al,O, increase, whereas
leO Ca0, Fe,0,, and P,0 decrease, with decreas-
ing MgO for all but two cumulate samples (Fig. 3),
indicating fractional crystallization of clinopyrox-
ene, Ti-Fe oxides, and apatite, but not plagioclase.
The sum of K,0 + Na,O is relatively constant
between 8.6% and 10.3%.

The compatible trace elements, Ni, Cr, V, Se, and
Co correlate positively with MgO, Fe,0,, and CaO,
and negatively with Si0,, again indicative of frac-
tionation dominated by clinopyroxene. All of the
samples are characterized by variable enrichment of
incompatible trace elements. Most incompatible
trace elements, such as La, Nb, and Th, increase
with decreasing Mg(), being fractionation related

(Fig. 4). Rb concentrations provide an exception to
such a negative correlation predicted by crystal
fractionation, with a relatively constant concentra-
tion of 200250 ppm over a range of Mg0O, consis-
tent with phlogopite removal during fractionation.
The abundance of Sr is very high, ranging from 900
to 1700 ppm, and shows a weakly positive correla-
tion with MgO apart from the two cumulate samples
(Fig. 4). All of the lamprophyre samples show simi-
lar REE patterns characterized by moderate enrich-
ment of LREE (La = 22-44 ppm and La/Yb = 14-24
being negatively correlated with MgO [Fig. 4]), flat
HREE distribution, and moderate Eu anomalies
(Euw/Eu* = 0.77-0.80) (Fig. 5).

On a primitive mantle—normalized incompatible-
element diagram (Fig. 6), all of the potassic rocks
show similar patterns, being enriched in large-ion
lithophile elements (LILE: Rb, Ba, Th, U, Sr, and
K), LREE and Pb, and depleted in high-field-
strength elements (HFSE: Nb, Ta, Zr, Hf and Ti) rel-
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TABLE 2. Chemical Analyses of Potassic rocks from Southeastern Tibet (western Yunnan, South China) !

Sample: 96YN131 96YN132 96YN133 96YN134 96YN135 96YN136
Major elements, wt%
Si0, 55.69 54.39 56.57 56.79 52.40 55.62
TiOy 0.66 0.70 0.57 0.57 0.74 0.61
AL, 13.58 12.61 13.91 14.13 12.39 13.88
Fe,0,* 6.30 6.68 4.99 5.58 6.75 6.27
MnO 0.11 0.11 0.09 0.09 0.12 0.09
MgO 6.32 7.16 4.98 4.53 6.38 5.02
Ca0 4.01 5.63 5.13 4.04 6.27 4.29
Na,O 3.07 2.75 2.77 3.00 2.31 2.86
K50 6.70 6.44 7.67 7.48 6.32 743
P,0, 0.53 0.62 0.46 0.42 0.66 051
Mg# 0.70 0.71 0.70 0.66 0.69 0.65
Trace elements, ppm
Se 12.0 14.1 12.2 104 15.4 11.7
v 121 132 106 99.5 126 114
Cr 218 262 165 153 264 161
Co 234 25.7 14.2 16.2 25.7 20.2
Ni 136 165 97.1 99.5 171 109
Cu 117 45.1 95.5 147 115 130
Zn 59.3 71.3 56.5 59.5 78.6 50.8
Ga 16.3 158 16.8 17.5 16.0 16.4
Ge 1.30 1.32 1.22 1.23 1.30 1.19
Rb 245 233 250 174 227 246
Sr 1087 1418 1006 1047 1088 1532
Y 22.6 23.0 22.7 23.5 24.5 21.6
Zr 71.8 95.6 82.3 102 86.7 90.6
Nb 8.92 8.44 9.71 12.0 9.05 7.89
Cs 5.07 5.39 5.08 3.93 5.85 4.82
Ba 2148 2989 2204 2076 2038 2862
La 39.6 38.8 39.9 44.1 43.1 41.3
Ce 77.0 75.4 76.3 81.8 84.7 75.6
Pr 9.90 9.90 9.71 10.1 10.6 9.55
Nd 38.9 39.3 37.6 379 42.5 36.5
Sm 7.59 7.85 7.32 7.48 8.37 7.23
Eu 1.95 1.91 1.84 1.89 2.15 1.91
Gd 6.34 6.66 5.99 5.95 6.97 6.03
Th 0.87 0.89 0.84 0.87 0.96 0.82
Dy 4.57 4.60 4.44 4.66 4.98 4.30
Ho 0.84 0.85 0.84 0.87 0.91 0.80
Er 2.41 2.43 2.38 2.52 2.54 2.30
Tm 0.32 0.33 0.33 0.36 0.34 0.31
Yb 2.13 2.08 2.16 233 2.22 1.98
Lu 0.31 0.31 0.32 0.35 0.33 0.29
Hf 2.18 2.83 2.51 3.13 2.55 2.61
Ta 0.60 0.61 0.72 0.91 0.63 0.50
Pb 33.2 24.5 32.3 28.5 36.6 21.7
Th 153 15.5 18.7 21.2 16.2 14.8
U 5.34 5.26 6.57 8.34 5.90 5.29

Table continues
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TABLE 2. Continued

Sample: 96YN137 96YN138 96YN139 96YN140 96YN141 96YN142

Major elements, wt%

Si0, 58.68 58.18 57.28 48.56 50.58 59.93
TiO, 0.56 0.58 0.60 0.55 0.86 0.50
- ALO, 14.61 13.19 14.25 9.97 11.88 15.04
Fe,04% 5.52 5.23 591 7.79 8.44 4.00
MnO 0.09 0.14 0.10 0.14 0.10 0.08
MgO 4.52 5.46 5.24 14.93 9.72 4.15
Ca0O 3.96 4.78 3.66 7.05 6.68 4.52
Na,O 3.46 2.31 2.90 0.99 2.32 3.59
K,0 5.66 6.31 6.74 5.14 6.32 6.23
P04 0.43 0.49 0.47 0.48 0.77 0.34
Mgt 0.66 0.71 0.67 0.82 0.73 0.71
Trace elements, ppm
Se 9.55 11.5 8.82 16.5 14.5 9.73
A% 111 90.6 111 138 136 68.8
Cr 222 195 160 1022 415 164
Co 16.8 15.5 18.4 44.4 33.5 11.8
Ni 78.6 127 105 433 244, 71.3
Cu 24.2 13.0 52.7 68.1 77.9 67.4
Zn 57.5 79.9 45.3 75.6 57.8 47.6
Ga 7.9 15.2 17.2 10.4 14.0 17.8
Ge 1.55 1.35 1.20 1.26 1.28 1.23
Rb 230 213 240 221 259 232
Sr 1085 936 1211 1323 1735 1057
Y 21.2 19.8 23.4 16.7 19.6 20.9
Zr 206 148 81.9 97.9 104 92.7
Nb 9.27 9.21 10.7 4.61 7.28 11.2
Cs 6.99 11.4 4.99 22.1 27.0 6.37
Ba 3419 2144 2116 1748 4315 3104
La 41.5 36.9 40.7 23.0 33.4 43.4
Ce 81.7 68.1 80.3 46.5 64.3 83.8
Pr 9.87 8.63 10.1 6.14 8.45 10.5
Nd 37.5 33.2 38.9 25.6 33.7 39.4
Sm 6.92 6.44 7.60 5.21 6.79 7.53
Eu 1.86 1.59 1.93 1.32 1.67 1.77
Gd 5.95 5.38 6.33 4.51 6.18 6.07
Th 0.80 0.75 0.89 0.61 0.77 0.83
Dy 4.10 3.91 4.62 3.26 3.95 4.27
Ho 0.75 0.72 0.86 0.61 0.73 0.76
Er 2.10 2.06 2.48 1.76 2.04 2.13
Tm 0.31 0.29 0.34 0.24 0.27 0.28
Yb 1.99 1.89 2.15 1.60 1.74 1.80
Lu 0.30 0.29 0.32 0.25 0.26 0.27
Hf 5.59 4.06 2.42 247 2.70 2.55
Ta 0.68 0.69 0.75 0.30 0.51 0.70
Pb 43.7 50.1 23.1 181 15.7 31.7
Th 16.9 20.4 19.0 8.53 13.5 14.9
U 6.57 9.34 6.79 2.98 4.65 5.57

Table continues
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TABLE 2. Continued

Sample: 96YN143 96YN144 96YN145 96YN116 96YN147
Major elements, wt%
Si0, 47.77 53.12 55.52 54.46 55.40
TiO, 0.57 0.83 0.71 0.67 0.66
ALO, 9.48 12.30 13.14 13.16 13.09
Fe, 0% 8.32 7.12 7.00 6.36 6.16
MnO 0.15 0.12 0.10 0.11 0.10
MgO 16.32 8.30 7.09 6.05 6.72
Ca0 6.88 6.66 5.56 5.29 4.64
Na,O 0.86 2.79 2.49 2.24 2.63
K0 4.65 5.95 6.88 6.81 6.68
P,0; 0.49 0.73 0.59 0.68 0.56
Mg# 0.82 0.73 0.70 0.69 0.72
Trace elements, ppm
Se 18.8 15.6 13.5 14.1 14.2
v 141 138 140 119 116
Cr 1050 338 243 205 229
Co 49.4 28.6 23.8 21.3 24.0
Ni 503 170 152 119 147
Cu 37.0 14.8 sl 44.6 95.5
Zn 78.8 69.9 61.6 824 55.1
Ga 10.3 14.8 16.0 154 16.2
Ge 1.31 1.39 1.29 1.36 1.19
Rb 223 233 255 257 138
Sr 996 1267 1215 1448 918
Y 16.7 26.0 23.9 21.6 13.5
Zr 92.5 88.7 92.2 170 83.6
Nb 4.42 8.40 8.67 8.35 104
Cs 26.7 6.71 5.85 14.7 4.76
Ba 1658 1653 2483 2491 1774
La 224 35.7 41.2 42.5 33.7
Ce 44.7 70.9 77.5 81.8 70.8
Pr 6.09 9.47 10.3 10.5 8.24
Nd 254 38.2 39.9 41.3 32.5
Sm 5.25 8.00 7.93 8.29 6.39
Eu 1.36 2.03 1.99 2.03 1.54
Gd 4.55 7.06 6.76 6.55 5.50
Th 0.61 0.99 0.91 0.86 0.75
Dy 3.25 5.21 4.71 4.30 3.95
Ho 0.61 0.94 0.86 0.77 0.72
Er 1.76 2.56 2.46 217 2.07
Tm 0.24 0.34 0.33 0.29 0.28
Yb 1.55 2.14 2.16 1.87 1.83
Lu 0.24 0.32 0.32 0.28 0.27
Hf 241 3.18 2.72 4.40 2.57
Ta 0.30 0.54 0.58 0.55 0.75
Pb 123 24.8 19.0 21.5 26.0
Th 8.11 9.28 14.6 18.8 159
U 2.76 3.28 5.21 6.74 6.71

Mg# = Mg/(Mg + FeZ*), assuming Fe,0/(FeO + Fe,0.) = 0.20. Total iron as Fe,0,.
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FIG. 3. Major element versus MgO variation diagrams, illustrating the compositional range of the southeastern

Tibetan ultrapotassic lamphrophyres.

ative to neighboring elements. These geochemical
features are of typical for high K/Ti and low-Ti
potassic magmas formed in subduction-related envi-
ronments, in contrast to low K/Ti and high-Ti potas-
sic magmas formed in intraplate settings (Rogers,
1992).

Sr-Nd isotopes

All investigated samples were analyzed for Sr
and Nd isotopic compositions in this study (Table 3).
Overall, the potassic lamprophyres have a relatively
small range of Sr and Nd isotopic compositions, with
initial 87Sr/%0Sr ratios ranging from 0.70624 to
0.70924, and initial eNd values ranging from -1.73

to —4.58. Initial Sr and Nd isotopes show a weakly
negative correlation on a conventional eNd(T) ver-
sus (37Sr/%0Sr). diagram (Fig. 7).

Discussion

Petrogenests

High values of K and Na for the southeastern
Tibetan potassic lamprophryres imply derivation
from an alkali-enriched mantle source. K,0 is
extremely high regardless of the contents of Si0, (50
to 60%) and MgO (9.7 to 4.2%) for all but the two
cumulate-enriched samples, reflecting control by a
potassic phase not only during fractionation but also
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FIG. 4. Selecied trace-element abundances and ratios
ultrapotassic lamphrophyres.

in the mantle source. The majority of studied ultra-
potassic samples have high, constant K,0/Na,O
ratios of 2-3, except for two cumulate samples (K,0/
Na,O > 5) and two evolved shoshonitic samples
(K,0/Na,0 = 1.6-1.7, MgO = 4.2-4.5%). Thus, the
high K,O in the lamprophyres is a primary feature,
indicating the presence of a potassic phase, most
likely phlogopite, in their source region. The origin
of potassic-rich alkaline mafic magmas by partial
melting of a phlogopite-bearing metasomatized
mantle source has been well established by Wyllie
and Sekine (1982). Such magmas should be
enriched in K and Ba, as found in the studied lam-
prophyre samples. There are fairly constant incom-

versus MgO variation diagrams for the southeastern Tibetan

patible element ratios, such as Rb/Sr (~0.2), Rh/Ba
(~0.1), La/Sm (~5), Th/K (~0.0003), and Nb/La
{~0.2) and limited Sr and Nd isotopic compositions
in the lamprophyre samples. This probably reflects
generation of a source where metasomatic products
are possibly evenly distributed, rather than a heter-
ogeneously-vented mantle. It is noteworthy that
these polassic lamprophyres have relatively low,
constant La/Sm (4.3-6.0) and La/Yb (17-24) ratios
and flat HREE patterns, compared to the northern
Tibetan shoshonitic rocks with variably high La/Sm
(6.5-32.5) and La/Yb (10-170) ratios and depleted
REEE (Tuner et al., 1996). Flat HREE patterns in

the southeastern Tibetan ulirapotassic rocks are
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consistent with derivation from a spinel-facies man-
tle, contrasting with a garnet facies mantle source
invoked for northern Tibetan shoshonitic rocks
(Turner et al., 1996). Limited ranges of La/Sm and
La/Yb in the studied ulirapotassic lamphrophyres
demonstrate that geochemical variations are mostly
attributed to fractionation, rather than partial
melting.

Although the studied ultrapotassic lamprophyre
samples are mosily mafic in composition, many
lines of geochemical evidence suggest an important
role for fractional crystallization during magma evo-
lution. These include: (1) a broad range from rela-
tively primitive to evolved composition (MgO = 9.7
4.2%); (2) the increase of SiQ,, AlLO,, LREE, and
HISE and the decrease of Ti,0, Ca0, Fe,0,, PO,
and compatible elements with decreasing MgO
(Figs. 3 and 4); (3) linear co-variations of incompat-
ible trace elements; and (4) the overall increase in
total REE contents with decreasing MgQ. These

characteristics indicate that polassic lamprophyres
evolved predominantly through fractionation of
clinopyroxene + Ti-Fe oxides + apatite. Negative
correlation between AL,O, and MgO indicates that
plagioclase was not the fractionated phase. Thus,
the moderate Eu negative anomaly in all samples is
interpreted as inheritance from the mantle source.
Although all of the ultrapotassic lamprophyres
occur as dikes showing rapid emplacement, chilled
liquids, and no clear geologic evidence of crustal
asstmilation, geochemical and isotopic variations in
the lamprophryes suggest involvement of crustal
components to some degrees in the evolution of the
magma. Initial #7Sr/%5Sr ratios and eNd values,
despite their limited variations, are negatively cor-
related for all but two cumulate samples (Fig. 7).
Furthermore, eNd(T) values decrease with decreas-
ing MgO for most samples (Fig. 8), indicating
involvement of crustal components during the crys-
tal fractionation of the ultrapotassic magma.
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TABLE 3. Sr-Nd Isotopes of Ultrapotassic Lamprophyres from Southeastern Tibet
(western Yunnan, South China)!

Sample SR /663 81,/803 FSe/0sr),  WSmAHNd  IBNA/IEND eNd(T)  Tpy (Ma)
96YN131 0.6514 0.707094 = 10 0.70679 0.1181 0.512448 + 10 -3.68 1.12
96YN132 04749  0.706845+11  0.70662 0.1207 051244306  -3.78 1.16
96YN133 0.7184 0.706796 + 13 0.70646 0.1179 0.512442 + 11 -3.79 1.13
O6YN134 04812 0706464 +00  0.70624 0.1192 0512440 £ 10 -3.83 114
96YN135  0.6045 0706849 12 0.70657 0.1191 0512444 £ 07 -3.76 1.14
96YN136 0.4644 0.706644 + 12 0.70643 0.1197 0.512444 + 15 -3.76 1.14
96YN137 06135  0.708677+16  0.70839 0.1115 051241105  —4.40 1.10
96YN138 0.6584 0.709545 = 10 0.70924 0.1173 0.512402 + 07 ~4.58 1.18
96YNI39 05747  0.706606 + 10 0.70634 0.1181 0512437209  -3.8 1.14
96YN140 04830 0707578 £15  0.70735 0.1232 0512543207 -1.83 1.02
96YN14l 04315 0707751 =14 0.70755 0.1215 0512446 = 14 -3.72 116
96YN142 06363 0707205+ 11 0.70691 0.1155 051243209  —3.99 L11
96YN143 06473 0707424+ 11 0.70712 0.1251 0512548+ 13 -1.73 1.04
96YN144 053333 0706497 +11  0.70625 0.1267 0512467 12 -331 1.20
96YN145  0.6068  0.706933+12  0.70665 0.1201 051241617 —4.30 1.19
96YN146 05136 0706831 +11  0.70659 0.1214 0512522+ 13 -2.24 1.04
96YN147 04349  0.707182+10  0.70698 0.1187 0512438 09 -3.48 111

Hnitial 87Sr/%Sr ratios and eNd(T) values are corrected at T = 33 Ma, the emplacement age of the lamprophvres obtained by
Ar/*Ar dating (Chung et al., 1998). T : Nd modal age calculated assuming a linear isotopic growth for a depleted man-
tle reservoir from eNd(T) = 0 at 4.55 Ga to eNd(T) = +10 (BNd/1*Nd = 0.51315) at present with 17Sm/'*Nd = 0.2137.

Absence of geochemical and isotopic compositions
for the crustal contaminants and the parental magma
precludes quantitative calculation for the AFC pro-
cesses. However, it can be expected that assimila-
tion of crustal contaminants with an Sr
concentration of ~260 ppm for bulk crust (Taylor
and McLennan, 1985) would not significantly
change the Sr isotopic composition of the lampro-
phyres, because of very high Sr contents (900 to
1700 ppm) in the ultrapotassic lamprophyres.

Implications for the composition of the
southeastern Tibetan sub-continental
lithosphere mantle (SCLM)

The studied potassic lamphrophyres provide a
window into the composition of the southeastern
Tibetan SCLM. Most ultrapotassic samples display
similar trace element patterns in a primitive man-
tle-normalized diagram, apart from a few samples

with pronounced Nb-Ta negative and positive Ph
anomalies, possibly caused by significant crustal
contamination (Fig. 6). These ultrapotassic lampro-
phyres, particularly those with high MgO contents
(>89%), require a metasomatized, phlogopite-bearing
spinel harzburgite source residing in the SCLM. In
this scheme, phlogopite-bearing metasomatized
mantle was formed at the root of a subduction zone
by hybridization between slab-derived hydrous sili-
ceous magma and the overlying mantle wedge.
Therefore, the ubiquitous enrichment of most
incompatible elements, low Nb/U (1.2-2.6) and Ce/
Pb (0.3-4.1) ratios, and negative Nb-Ta and Ti
anomalies in the ultrapotassic lamprophyres are fea-
tures of either island-arc magmas or upper-crustal
sediments. Because significant involvement of
crustal components to the magma was unlikely in
terms of geochemical and Sr-Nd isotopic composi-
tions, the crustal components in the ultrapotassic
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rocks are most likely inherited from the pre-existing
subduction processes. These geochemical charac-
ters of arc-affinity observed in both the southeastern
and northern Tibetan potassic magmas are compara-
ble to subduction-related high K/Ti and low-Ti
potassic magmas (Rogers, 1992),

Compared to the SCLM revealed by the potassic
lavas in the northem Tibetan Plateau (Turner et al.,
1996), the southeastern Tibetan SCLM exhibits dif-
ferences in geochemisiry and isotopes. The south-
eastern Tibelan potassic lamprophyres have a
relatively low, constant Th/U ratio of 2.7 + 0.2, con-
sequently showing a small negative Th negative
anomaly on the primitive mantle-normalized dia-

gram (Fig. 6), in contrast to a Th/U ratio of 7-12 for
the northern Tibetan potassic lavas. The unusually
high Th/U ratio in the northern Tibetan lavas may
not represent the Th/U ratio of the source region and
the primary magma, because (1) magma generation
involving only a small melt fraction in the presence
of garnet may dramatically increase the Th/U ratio,
and (2) the mobility of U during weathering and
alteration may change the Th/U ratio (Turner et al.,
1996). Nevertheless, 208Ph/2%Ph ratios suggest an
increase in Th/U ratios from ~3.6 to ~3.8 at 1.2 Ga
for the northern Tibetan SCLM in terms of two-stage
modeling of Pb isotopes (Turner et al., 1996). This is
comparable with the moderate Th/U ratio of 4-5 for
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typical subduction-related, high-K/Ti, low-Ti potas-
sic magmas, as exemplified by Italian potassic lavas
(Rogers, 1992). The Th/U ratios measured in the
mafic samples (with <55% SiO,) are generally con-
sidered to be representative of their mantle source,
inasmuch as the D values for Th and U during melt-
ing are similar (Williams and Gill, 1989). Similarly,
measured Rb/Sr ratios in the mafic samples are also
similar to their source region (Rogers, 1992). The
southeastern Tibetan potassic lamprophyres have
Rb/Sr ratios of ~0.2, comparable with Italian potas-
sic lavas with Rb/Sr ratios of 0.2-0.4 (Rogers,
1992), but higher than the northem Tibetan mafic
potassic lavas with Rb/Sr ratios of ~0.07 (Turner et
al., 1996). Differences in Th/U and Rb/Sr ratios sug-
gest a regional geochemical contrast in the SCLM
underneath the northem (<15 Ma) versus southeast-
ern (40-30 Ma) parts of the Tibetan Plateau.

Isotopically, the southeastern Tibetan potassic
lamprophyres have lower Sr and higher Nd isotopic
ratios than the northemn and southwestern Tibetan
potassic lavas (Fig. 7). The southeastern and north-
ern Tibetan potassic rocks are characterized by uni-
form Nd isotopic compositions (eNd values = -3.5 +
0.8 and —6.5 + 0.8, respectively) and Sm/Nd ratios
(47Sm/MNd = 0.120 + 0.004 and 0.080 + 0.008,
respectively). The southeastern Tibetan potassic
rocks, with 47Sm/"Nd ratios close to the average
value of ~0.118 for upper crust (Jahn and Condie,
1995), have Nd modal ages (Tpy) of 1.12 £ 0.05 Ga
relative to a depleted mantle source (assuming its
present-day €éNd = +10 evolved since 4.0 Ga)(Table
2). The northern Tibetan potassic lavas have Ty,
ages of 0.96 + 0.07 Ga, but these T}, ages based on
the measured Sm/Nd ratios are clearly underesti-
mated since their 1"7Sm/!*Nd ratios (0.06-0.09)
were significantly fractionaled during magma gene-
sis in the presence of garnet. Thus, Turner et al
(1996) re-calculated Ty, ages of ~1.2 Ga for the
SCLM source, assuming a 30% decrease in the Sm/
Nd ratio during melting, and thus the mantle source
had a 7Sm/1Nd ratio of ~0.11. This calculated
1473 m/"4Nd ratio is still about 10% lower than those
of the average upper crust (0.118) and the south-
eastern Tibetan SCLM (0.12) revealed by the
ultrapotassic lamprophyres. If the northern Tibetan
SCLM had the same %Sm/'*Nd ratio of ~0.12 as
the southeastern Tibetan SCLM, a 50% decrease in
the Sm/Nd ratio during melting wozuld be required
for the northern Tibetan potassic lavas. If this is
true, the northern Tibetan SCLM should have Ty,
ages of ~1.4 Ga. Thus, T)), ages of the northern
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Tibetan potassic rocks seem to be 0.1-0.3 Ga older
than those of the southeastern ultrapotassic rocks.
The southwestern Tibetan potassic rocks, in contrast
to the uniform Nd isotopic composition for the
southeastern and northern Tibetan potassic rocks,
have highly variable eNd values of —9.5 to -16.6,
and Ty, ages of 1.3 to 2.0 Ga (Miller et al., 1999).
Nd modal ages may be interpreted as indicating the
timing of the metasomatism event in the SCLM
(Turner et al., 1996). However, they may more likely
be ascribed to represent an average residence time
for sediments that had been involved into the SCLM
source by pre-existing subduction. Therefore, the
difference in Nd isotopes observed in potassic and
ultrapotassic magmas {from northern (<15 Ma),
southwestern (2517 Ma), and southeastern (40-30
Ma) parts of the Tibetan Plateau suggest broadly
contemporaneous mantle metasomatism by
subducted sediments from different crustal environ-
ments.

Conclusions

The Late Paleogene lamprophyres from western
Yunnan, disposed along the southeastern margin of
the Tibetan Plateau, are mostly ultrapotassic in
composition. They are characterized by enrichment
in large-ion lithophile elements, light rare-earth ele-
ments, and Pb; depletion in high-field-strength ele-
ments; high initial 87Sr/%0Sr ratios (0.70624—
0.70924); and negative eNd(T) values (~1.7 to —4.6),
resembling those of high-K/Ti, low-Ti potassic mag-
mas formed in subduction-related settings. They
were likely generated by partial melting of an evenly
distributed metasomatized, phlogopite-bearing
spinel harzburgite lithospheric mantle source, fol-
lowed by crystal fractionation and varying degrees of
crustal assimilation. The compositions of the SCLM
beneath northern (<15 Ma), southwestern (25-17
Ma), and southeastern (40-30 Ma) parts of the
Tibetan Plateau appear to be heterogeneous in
geochemistry and Nd-Sr isotopes, as revealed by the
potassic and ultrapotassic magmas. Such heteroge-
neity of the SCLM may be attributed to different tim-
ing of mantle metasomatism events and/or
metasomatism by subducted sediments from distinet
crustal provenances.
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