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中文摘要

本研究計畫工作利用 40Ar/39Ar 與 U-Pb 定年法
研究哀牢山－紅河斷裂帶南緣之基盤花崗岩-Posen
Complex 之熱歷史、U-Pb 定年結果顯示、該花崗岩
體可能形成於晚原生代（885±96 Ma）、但在早古
生代時期(490±66Ma)曾受強烈的變質作用。相對
地，礦物 40Ar/39Ar 年代則顯得年輕，均顯示早第三
紀之年代(40-30Ma)，標誌著抬升冷卻之年代，此
一抬升時間似早於哀牢山－紅河斷裂帶之年紀(27-
17Ma)。如考慮哀牢山－紅河斷裂帶之左移距離與
年代，於早第三紀時期，此一花崗岩體應位於西藏
高原之東緣，果真如此，則上述之早第三紀之抬升
年代應可視為記錄著西藏高原早期抬升之證據。

關鍵詞：西藏高原，熱定年學

Abstract

    Paleogene southeastward extrusion of the
Indochinese block with respect to the South China
block transported some basement complexes from
eastern Tibet to northern Vietnam in accommodating
the India-Asian continental collision.  One of those
transported basement complexes, the Posen complex
in northern Vietnam, was studied
thermochronologically by U-Pb and 40Ar/39Ar methods.
Zircon U-Pb dating yields an upper intercept date of
885 ± 96 Ma, corresponding to the emplacement age
of the protolith and a lower intercept age of 490 ± 66
Ma, which may indicate a thermal event in early
Paleozoic age.  40Ar/39Ar results for micas and K-
feldspars in the range of 30 to 36 Ma suggest a rapid
cooling and exhumation history of the Posen complex
during the Paleogene.  The time span for
exhumation/cooling recorded in the Posen complex is
surprisingly coincident with the earlier stage of the
rapid uplifting (40 to 30 Ma) in the eastern Tibetan
plateau, but clearly older than the age range for the
left-lateral shearing of the Ailao Shan-Red River
(ASRR) shear zone (27-17 Ma).  Given the fact that
the Indochinese block was once attached to eastern
Tibet in SW China prior to the extrusion, the present
results would not only be a good constraint for the
early rapid uplifting of the eastern Tibet during the
Paleogene, but also provide an independent evidence
for the initiation for the left-lateral movement along

the ASRR shear zone.

Keywords: eastern Tibet, U-Pb dating, 39Ar-40Ar
dating, thermochronolog

Introduction

The convergence of the Indian plate with the
Eurasian plate during Cenozoic was accommodated by
the uplifting of the Tibetan plateau and the strike-slip
motion along a number of shear zones in Indochina
and South China (e.g. Tapponnier et al., 1986).
Continuous accretion between these two continental
plates and the thickening of the lithosphere, followed
by the lithospheric delamination, resulted in the
Paleogene high-K magmatism and the fast uplift of the
plateau in Tibet (England and Houseman, 1989;
Turner et al., 1993).  Geochemical and
geochronological evidences from the high-alkali rocks
in Tibet suggested a diachronous uplift history for the
plateau, that the eastern Tibetan plateau (east of Lhasa
or 92o E) may have been uplifted in Paleogene (30-40
Ma), earlier than the western part of the plateau in the
past 20 Ma (Turner, et al., 1993; Chung et al., 1998).
However, this diachronous history seems not be
completely registered in the basement complexes,
since most of published thermochronological data for
the basement complexes were restricted in age range
younger than 20 Ma (e.g. Harrison et al., 1992).  This
hampers the fully understanding the kinematic
processes of the plateau uplift and the collision
between India and Eurasian continents as well.

Published thermochronological data for the
basement complexes were mostly from the western
and central portions of the Tibetan plateau, the Trans
Himalayan, Gangdese and the Kunlun batholiths,
indicated a rapid exhumation/uplift event in the last 20
Ma (Sorkhabi and Stump, 1993; Copeland et al., 1987;
Richter et al., 1991; Harrison et al., 1992).
Synchroniety of the high-potassic magmatism and the
rapid exhumation of the basement complexes suggests
that the uplifting of the plateau may have been caused
by lithosphere delamination (Tunner et al., 1993;
Coleman and Hodges, 1995).  In contrast to the
western and central portions of the Tibetan plateau, the
uplifting of eastern Tibet has seldom been discussed,
although it has been previously suggested to take place
as early as Paleogene, on the basis of geochronological
and geochemical study of the high-potassic
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magmatism in eastern Tibet (Chung et al., 1998).
Thermochronological data for the eastern Kunlun
range and the Yulong Range (NW Yunnan) yielded
distinct Paleogene cooling age in NE and SE Tibet,
but its tectonic implication is still in controversy
(Lacassin et al, 1996; Mock et al., 1999).  Due to the
later thermal events, most of Paleogene exhumation
records in the basement rocks were altered (e.g.
Quidelleur et al., 1997).  Finer resolution of
thermochronological data, therefore, is warranted to
attest the existence of the earlier cooling event
associating with lithospheric delamination in the
eastern Tibetan plateau.  In order to further reveal the
diachronous uplifting in Tibet, thermochronological
studies for metamorphic complexes escaping from the
possible thermal resetting become essential and
necessary.

On the bases of thermochronological and
geochemical studies of potassic volcanics and
mylonitic rocks across the Ailao Shan-Red River
(ASRR) shear zone, it has been proposed that the
Indochinese block was extruded southeastward for 600
km along the shear zone right after the uplift of the
eastern Tibetan plateau in Paleogene (Leloup et al.,
1995; Chung et al., 1997; Wang et al., 1998; 2000).
As suggested, some Paleogene alkaline magmatic
suites and Permian-Triassic magmatic suites in eastern
Tibet and Yunnan, SW China, were transported to
northern Vietnam (Pu-Sam-Cap igneous complex,
south of the Phang-Si-Pang mountain) during the
extrusion (Chung et al., 1997).  Accordingly,
magmatic suites and metamorphic complexes cropping
out in northern Vietnam should originally be part of
the eastern Tibet.  As one of the transported
basement complexes in the south of the ASRR shear
zone and adjacent to Paleogene alkali rocks in
northern Vietnam, the Posen complex was
thermochronologically studied by U-Pb and 40Ar/39Ar
methods in the present study.  The aims of the
present study are to reveal not only the thermal history
of the complex, but also the uplift history of the eastern
Tibetan plateau.

The Posen complex crops out in an area of
near 500 km2, located between the Day Nui Con Voi
metamorphic massif and the Yeyensun igneous
complex and adjacent to the Paleogene Pu-Sam-Cap
igneous complex in northern Vietnam.  The Day Nui
Con Voi metamorphic massif is the southernmost part
of the ASRR shear zone and was cooled and exhumed
rapidly in the period of 27-22Ma during the lateral
shearing of the shear zone (Wang et al, 1998, 2000).
The Pu-Sam-Cap igneous complex comprising mainly
of Paleogene high-Mg and high-K magmatic rocks and
the Yeyensun complex, an A-type granite complex, has
been suggested to be part of the Paleogene lithosphere
delamination-related magmatism (Chung et al., 1997;
Lan et al., 2000).  All of these metamorphic and
igneous complexes occur in north of the Song Ma
ophiolite belt.  The Song Ma ophiolite belt extending

northwestwardly into SW Yunnan, namely the
Shuanggou ophiolite belt in China, has been suggested
to represent the suture zone between the South China
and Indochina blocks, representing the early Mesozoic
closuring of the Paleo-Tethys (Hutchison, 1989;
Zhang et al., 1994; Chung et al., 1999).  Clearly,
igneous and metamorphic complexes between the
Song Ma ophiolite and the ASRR shear zone were part
of the South China block, which are considered to be
originally located in the southeastern margin of
Tibetan plateau.  The left-lateral shearing of the
ASRR shear zone subsequently offset and transported
the complexes to the northern Vietnam during
Miocene (Leloup et al., 1995; Chung et al., 1997;
Wang et al., 1998; 2000).

The Posen complex is mainly composed of
granodiorite-granite migmatites associated with some
enclaves of amphibolite, gneiss and amphibole schists.
The complex is underlain by upper Proterozoic-lower
Cambrian low-grade metamorphic sessions
(Geological Survey of Vietnam, 1988).
Geochronologial data indicated that the complex
probably intruded in Late Proterozoic (Phan et al.,
1990; Lan et al., 2000a).  Geochemically, the Posen
complex shows characteristics similar to those of calc-
alkaline to high-K calc-alkaline I-type granites,
exhibiting positive initial Nd isotope ratios (εNd =
+0.7~+1.5) with Nd isotopic model ages of ~ 1.7 Ga
(Lan et al., 2000a).  Based on geochronological and
geochemical data, it is suggested that along with the
wide-spreading Neoproterozoic granite complexes in
SW China the Posen granite complex was generated
by a Neoproterozoic magmatic event related to the
arrival of a mantle plume during the break-up of the
Rodinia (Li et al., 1999; Lan et al., 2000b).

Analytical Methods and Results
　　

Granite samples (RR28 and RR29) were
collected from the northern part of the Posen complex.
The samples exhibit typical igneous texture without
any sign of deformation, consisting mainly of quartz,
K-feldspar, plagioclase, biotite, muscovite, epidote,
sphene, and opaque minerals.  Previous geochemical
and isotopic study of the samples showed that the
samples are unfractionaed I-type granite with arc-
signature in discrimination diagram and may
genetically be linked to the Proterozoic crust-forming
event in the southwestern margin of South China (Lan
et al., 2000a and b).

U-Pb dating experiments were conducted for
single zircons from sample RR29.  These zircon
grains were obtained by using regular mineral
separation techniques and finally handpicking for clear
grains.  Six transparent, euhedral, and light purple
zircon grains, obtained by using regular mineral
separation techniques followed by handpicking, were
selected for U-Pb isotopic analyses.  The isotopic
composition was measured by a thermal ionization
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mass spectrometer (TIMS) at the Tianjin Institute of
Geology and Mineral Resource, China.

40Ar/39Ar step-heating experiments were
performed on muscovite, biotite and K-feldspar
separates from both samples.  Mineral separates were
obtained by crushing and magnetic separation
techniques, followed by paper shaking and finally
handpicking to remove all visible impurities.  A 125-
425 µm size-fraction of the separates was selected for
analysis.  Samples along with neutron flux monitor
LP-6 biotite (Odin et al., 1982) were irradiated in the
VT-C position of the Tsing-Hua Open-Pool (THOR)
reactor at Tsing-Hua University, under a fast neutron
flux of 1.566 x 1013 n/cm2sec for 30 hours.  After
irradiation, the samples were degassed incrementally
by using a resistant furnace, from 450oC to 1200oC.
The isotopic composition of argon was measured by
using a Varian-MAT GD150 mass spectrometer at
National Taiwan University.  Detailed analytical
procedures and data processing methods are similar to
those given by Lo and Lee (1994).  Corrections for
mass discrimination, system blanks, isotope
interference and radiometric decays were performed in
data processes.

Six single zircons from RR29 yield apparent
207Pb/206Pb ages ranging from 585 to 776 Ma. Except
one of them showing the age of 585 Ma, the others are
concentrating in the range of 751-776 Ma with an
average value of 760±25 Ma.  As expected, the
207Pb/206Pb age for each grain is older than its
respective 206Pb/238U and 207Pb/235U ages.  A well-
fitted discordia line suggests a lower intercept age of
490 ± 66 Ma and an upper intercept age of 885 ± 96
Ma with MSWD of 0.04.

40Ar/39Ar dating analyses of six mineral
separates, including muscovite, biotite and K-feldspar,
exhibit Paleogene dates for RR28 and RR29.  The
muscovites yield fairly flat age spectra with well-
defined plateaus over 90% of 39ArK released with
dates of 33.2 ± 0.5 Ma and 35.7 ± 0.7 Ma for RR28
and RR29 respectively.  The plateau dates are highly
consistent with their intercept dates (32.0 ± 2.2 Ma for
RR28 and 34.7 ± 1.2 Ma for RR29) obtained from
isotope correlation plots.  The biotite from RR28
displays a disturbed age spectrum with an apparent
plateau date of 39.6 ± 1.0 Ma.  The age spectrum
shape is similar that caused by recoil effects in altered
biotite (Lo et al., 1989).  Nevertheless, some of the
low-temperature steps appear to agree with each other
and form a meaningful array in isotope correlation
diagram, suggesting as intercept age of 32.9 ± 1.6 Ma.
In contrast, RR29 biotite demonstrates a fairly flat age
spectrum with a well-defined plateau over 70% 39ArK
released, yielding a plateau date of 33.7 ± 0.7 Ma.
The intercept date (33.6 ± 1.0 Ma) obtained from
least-square regression of data for the plateau steps is
perfectly consistent with its respective plateau date.
Moreover, 40Ar/36Ar intercept values of these micas
generally agree with the atmospheric composition

(40Ar/36Ar = 295.5), except for the biotite in RR28.
Both K-feldspars display U-shaped age spectra

with an abnormally old date in the first several percent
of gas released, followed by relatively young apparent
dates over a flat segment in the mid-temperature steps
and then increased to old dates in the high temperature
steps.  Significant amount of excess argon is
indicated by low initial 36Ar/40Ar ratios (735 ± 144 for
RR28 and 620 ± 73 for RR29) in regression of all
temperature steps.  As suggested, the relatively young
dates in U-shaped age spectrum of K-feldspar often
bear geologically meaningfully information.  In fact,
the low dates in the present K-feldspar samples appear
to agree well with each other although the gas fraction
is apparently less than 50% of total 39ArK released.  In
isotope correlation diagram, the low-temperature steps
also form meaningful linear array with intercept date
of 30.2 ± 2.1 Ma for RR28 K-feldspar and 30.5 ± 1.6
Ma for RR29 K-feldspar.  These intercepted dates are
considerably compatible with the ages of co-existed
micas.

Discussions
A Neoproterozoic event (850-740 Ma) is obtained

from the upper interceptions of U-Pb zircon discordia
lines of the Song Hong and Posen (Wang et al., 1999)
complexes. It is interpreted to indicate another
important magmatic activity in the Yangtze craton
when the so-called Chenjiang Orogeny took place. In
South China, mafic to ultramafic dikes and sills,
accompanied by widespread granitic intrusions in a
lateral extent of ~1000 km, have been precisely dated
as ~830-810 Ma; and their generation is ascribed to a
starting mantle plume which initiated the breakup of
Rodinia (Li et al., 1999). The arrival of the mantle
plume head could have provided fresh mantle input
and the heat required to produce the protoliths of the
Song Hong and Posen complexes.

Our U-Pb data provide a nice constraint for the
thermal evolution of the Posen complex.  In
concordia diagram, the upper intercept age (885 ± 96
Ma) is best interpreted to represent the time of
emplacement of the Posen complex.  The lower
intercept age of 490 ± 66 Ma probably represents the
time of an early Paleozoic thermal event that resulted
in the loss of Pb from mineral grains.  Together with
the geochemical characteristics of the Posen complex,
our U-Pb results imply that the Posen complex was a
late Proterozoic intrusive body which may have been
attributed to a subduction-related process (Lan et al.,
2000) and its U-Pb system was partial overprinted by
an early Paleozoic thermal event.

Geological correlation strongly evidenced that
the Posen complex was probably a part of the South
China block in early Tertiary, before the extrusion of
Indochinese block.  Two geological makers (the
Paleogene alkaline magmatic suite-the Pu-Sam-Cap
complex and the Permo-Triassic high-magnesium
magmatic suite-the Song Da complex in northern
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Vietnam) originally in SW Yunnan having their
counterparts in northern Vietnam were right adjacent
to and south of the Posen complex (Chung et al.,
1997).  Extension-related A-type granitic rocks, the
Yeyensun complex, which is located on south of the
Posen complex, was also considered to have a close
relationship to those in SW Yunnan (Lan et al., 2000).
On the basis of 600 km offset along the ASRR shear
zone, the Posen complex may have originally be
located near the Dali area in SW Yunnan before the
southeastward extrusion of the Indochinese block
proceeded (Chung et al., 1997; Lee et al., 1999).

Besides, several other lines of evidence also
support that the Posen complex can be correlated with
the granitic complexes in the South China block.
First, the pre-Mesozoic rocks between the Day Nui
Con Voi metamorphic massif and the Song Ma
ophiolite belt, comprised mainly of lower Proterozoic
metamorphic rocks (the Xuan Dai complex), have
synchronous counterparts (the Cangshan Group) in
SW Yunnan (Geological Survey of Vietnam, 1988; Lu,
1989).  Second, both the emplacement and thermal
overprinted ages of the Posen complex (885 ± 96 Ma
and 490 ± 66 Ma) can be correlated with coeval
tectonic events (the Jinningian and Caledonian
orogenys) in the Kangdian complex, a unit of the
Yangtze platform (part of the South China block) east
of the Ailaoshan-Jinshajian fault (He and Zhang, 1989;
Lu, 1989; Zhang and Xie, 1995; Li, et al., 2000).
Third, geochemical features further suggest a genetic
relationship between these complexes.  The newly
found Archean continental crust from northern
Vietnam indicated that the crustal evolution history of
northern Vietnam began since middle Archean (3.4 ~
3.1 Ga) (Lan et al., 1999).  Thus, the Late
Proterozoic U-Pb age (885 ± 96 Ma) of the Posen
complex could be represented the magmatic even.  Its
medium initial Nd value (-4.5) denoted fresh mantle
input admixing into the recycled sediments to form the
granitic rocks of the Posen complex. Surprisingly,
the synchronous Jinningian orogeny was also
represented as a consolidation stage of continental
crust by a series of arc-trench and basin systems in the
margin of the Yangtze platform (Ma and He, 1989).

In summary, the granitic rocks in the Posen
complex were emplaced in the South China block
during late Proterozoic (~885 Ma) due to a
subduction-related process.  Prior to the
southeastward extrusion of the Indochina peninsula,
the complex was overprinted by an early Paleozoic
thermal event (~490 Ma).  The shearing along the
ASRR shear zone finally offset part of the SW margin
of the South China block, including the Posen complex,
to northern Vietnam in Miocene (~27 Ma).

Despite the tectonic events are recognized by
the U-Pb dating result, our 40Ar/39Ar dating result
indicates another thermal event before the Posen
complex was transported to northern Vietnam.  The
40Ar/39Ar mineral ages obtained in the present study

are all in the range of 30-36 Ma.  The dates are too
young to be regarded as simple cooling ages of the
early Paleozoic event.  If the complex were slowly
cooled to surface level after the early Paleozoic
thermal event, the dates from 40Ar/39Ar dating system
should be significantly older than the result in this
study.  There are several possibilities to cause such a
Paleogene thermal event.  The Posen complex crops
out in the area between the late Paleogene intrusive
body (the Yeyensun complex) cooled below 350o C
from 32 to 28 Ma (Wang et al, 1999) and the Red
River shear zone (the Day Nui Con Voi metamorphic
massif) activating from 27 to 22 Ma (Wang et al, 1998;
2000).  These Miocene magmatic and shearing events
could potentially conduct thermal resetting of argon
system in the Posen complex.  If it were the case,
40Ar/39Ar dates for the Posen complex should
apparently be coeval or younger than these events.
Instead of that, our results (36-30 Ma) indicate that the
relaxation heat from the cooling of the Yeyensun
complex and the heat generated by the shearing of the
ASRR shear zone in the Day Nui Con Voi massif may
not be responsible to the early Paleogene thermal
event in the Posen complex.  Besides, previous study
suggested that the shearing of the ASRR shear zone
induced thermal events to the metamorphic massifs in
the shear zone (Leloup et al., 1995).  It may not be
the case for the Posen complex since there is no sign
for deformation and its igneous textures are well
preserved.  The most plausible interpretation would
be that the 40Ar/39Ar dates in the present study reflect
the exhumation and cooling of the Posen complex
after the deep burial due to the India-Asian continental
collision starting from late Cretaceous.  40Ar/39Ar
dates would indicate the time when the rocks cooled
through the argon closure temperatures of the minerals
during exhumation.

40Ar/39Ar ages combined with their respective
closure temperatures, which can be estimated
quantitatively by applying the closure temperature
theory of Dodson (1973), would allow us to reveal the
cooling paths for the samples.  One of the ways to
derive a cooling curve is to date a series of minerals
having variable closure temperatures and then to fit a
cooling curve through these time-temperature points
(McDougall and Harrison, 1988).  Accordingly,
diffusion parameters for closure temperature
calculations for micas in the present study are derived
from available hydrothermal experimental data on
activation energy (E) and pre-exponential factor of
argon diffusion (D0) published in the literature.  Mean
values of half of the grain sizes are considered as the
sizes of argon diffusion for micas. For K-feldspar,
argon diffusion parameters are calculated using
Arrhenius plot for the fraction loss of 39Ar, assuming a
slab geometry model for argon diffusion.    As
indicated, the Posen complex was rapid exhumed and
cooled at around 36 to 30 Ma from 470o C to 110o C
at a rate of ~60 o C/Ma.  With considering a normal
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geothermal gradient in continent, this cooling rate
would infer a fairly high uplifting rate of ~ 2 km/Ma
for the exhumation of the Posen complex in
Paleogene.

As mentioned earlier, the Posen complex was a
part of the basement complexes of South China block
before the extrusion of Indochinese block around 28
Ma.  Clearly, the Posen complex may originally be
located in eastern Tibet and sharing similar tectonic
evolution with the plateau.  Rapid uplifting of the
Tibetan plateau with responsible to lithosphere
delamination or removal of lithosphere mantle has
been demonstrated by the synchroneity of the high-
Mg-K magmatic formation of extensional basin and
rapid uplifting of basement complexes in central and
western plateau during mid-Miocene (England and
Housmen, 1989; Copeland et al., 1987; Richter et al.,
1991; Harrison et al., 1992; Tuner et al., 1993).
Interesting enough, similar magmatism is also found
widespreadly in eastern Tibet, but exhibit much older
ages of 40 to 30 Ma.  This finding led Chung et al.
(1998) to propose a diachronous uplifting model for
the plateau, in which eastern Tibet was uplifted as
early as at late Eocene-Oligocene and later on the
western Tibet was than rapidly uplifted in Miocene.

Surprisingly enough, the time span for rapid
exhumation of the Posen complex is exactly in the
same period of that for the earlier stage of the rapid
uplifting (40 to 30 Ma) in the eastern Tibetan Plateau
as suggested by Chung et al. (1998). The dates are also
older than the timing of the left-lateral movement
along the ASRR shear zone (28-17 Ma) (Leloup et al
1995; Wang et al., 1998; 2000).  Thus, the Posen
complex was once exhumed rapidly in eastern Tibet in
Paleogene.  After that, it was southeastwardly
transported to northern Vietnam during 28-17 Ma due
to the left-lateral shearing along the ASRR shear zone.
In other words, the present thermochronological
results would not only be a good constraint for the
initiation for the left-lateral movement of the ASRR
shear zone, but also provide an independent evidence
for the rapid uplifting of the eastern part of Tibetan
Plateau during the early Tertiary.

Conclusions
U-Pb data indicate that the Posen complex

intruded in late Proterozoic (885 ± 96 Ma), and
experienced a significant thermal event in early
Paleozoic (490 ± 66 Ma).  The similarities of thermal
history and geochemical features strongly suggest that
the Posen complex can be well correlated with the late
Proterozoic granites in the Kangdian complex in SW
China, and should be a part of South China basement
complex on eastern Tibet.  Due to the left-lateral
movement of the ASRR shear zone, the Posen complex
was transported to northern Vietnam for about 600 km
with the southeastward extrusion of Indochinese block
in Miocene.  40Ar/39Ar thermochronological results
also reveal that the Posen complex was rapidly cooled

during the Paleogene (36-30 Ma) before the extrusion.
The fast cooling period is surprisingly consistent with
the time period of the early rapid uplifting stage of the
eastern Tibetan plateau indicated from high-K volcanic
rocks (Chung et al., 1998).  Considering the
paleographic location of the Posen complex before
extrusion, the fast cooling may reflect the rapid
uplifting of the plateau.  In other words, the present
40Ar/39Ar data may therefore provide independent
evidence for exhumation of basement complexes
during the early uplifting stage of the Tibetan plateau.
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