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The dynamothermal aureole of the Denq:an
ophiolite (northern Tibet]

Mei-Fu Zhou, John Ea%g&sg Paul T. Bobinson, and Peter H. Reynolds

Abstract: Metam ﬂmi‘m: rxic; s{)&‘ﬁé 2t the base of the Jurassic Dongiao ophiolite of northern Tibet are 3-% ¢ted as 2
basal dynamothermal aureole }ag{:xdmm during obduction of the massif. The rocks form a sequence some §.m z‘mk,
varying from high-grade amphibolites at the contact with overlying hatgburgites o greenschist facies metasedimentary
rocks lower down. The mineral paragenesis is similar o other such aureoles, and indicates that temperatures in excess
of 750°C may have been reached during metamorphism. The lack of high-pressure minerals suggests that the rocks
were produced by subcretion in a relafively shallow dipping subduction zone Ar—Ar geochronology on.amphibole
separates provides dates of 175—180 Ma for the displacement of the ophiolite, significantly older than the age of
emplacement estimated from stratigraphic relationships. The ophiolite was clearly obducted very soon after its: formation
in a suprasubduction zone environment.

Résumé : Les roches métamorphiques trouvées 2 la base de Dophiolite de Dongiao d’age Jurassique, dans le Tibet
. septentrional, sont interprétées comme une auréole évnamot“mmuque basale produite durant !'obduction du massif.Les
.roches forment une séquence de guelque 8 m d’épaisseur, variant d’amphibolites de degré élevé au contact des \ :
_harzburgites sus-jacentes, et plus bas i des roches métasédimentaires de facidssdes schistes verts, La paragenﬁse des. .
: mmeraux est similaire & celle-de-d’autres-auréoles, et elle-indique que les températures asi-siessus de: 75()°C ont.py étre
. atteintes durant le métamorphisme. L’absence de nouveaux minéraux de pression élevée suggdre que les roches furent
\,weﬁdf‘ees par une subcrétion dans une zone de subduction qui a plongé a une profondeur relativement faible. La
gé ologie Ar—Ar sur des concentrés d’amphibole fournit les dates de 175180 Ma pour le dﬁg}h:@i‘%ﬂi de
Vophiolite, soit un ige considérablement plus ancien que celui déduit des reia{mﬁs stratigraphiques. I n’y a pas de
doute que ophiolite fut obductée peu de temps aprés sa formation dans une zone tectonigue de suprasubduction.
{Traduit par la rédaction}

couction broadly be divided into two stages (Malpas and Stevens 1977).
The first stage involves the ‘‘displacement’’ of oceanic crust
and upper ﬁ‘?xﬁé*" by subduction and underthrusting of
eceanic lithosphere and the second; the “empiabesﬁgm of
the ophiolite thrust slices onto continental margins, usually
accompanied by some- form of gravitational shding. and
; 79§ mélange formation. In some ophiolite complexes, especially
; iﬁéﬁ{iiﬁ ii dv ;?;::; rﬁ: ﬁ f{}i?;;;;i}; 9;2; among those that are well gsrsssweé and -?‘ii&i are-complete
of formation and their age. Here, we describe the sections. of the crust-and upper mantle, it is not uncommon

e A o ¢ Lo to find metamorphic rocks associated with the mantle peri-

tphic rocks found beneath the mantle peridotites of
ao ophiolite of Tibet are considered to represent a
mothermal aureole produced during initial displacement
lithosphere and its obduction onto the continental

he Chantang terrane in the Mesozoic (cf. Malpas
f g

. une ?ng%g %:h:: msf{a{%ﬁf?%:s r{f{:g_{& é} iﬁsgﬁ dotites. Previcusly. described occurrences éﬁﬁ%ﬁﬁs those in
pna. data Lrom e minera f -,ase:; &r,} eport Spain aﬁi@i@ 1970}, southwest England (D .. 1 1964),
of hornblendes from amphibolites. The data iy’ (Karamata 1968), Oman (Searle and Malpas 1980,

to model the origin of the ﬁureoie and piace con- 1982), Newfoundland (Malpas 1979 Jamieson 1980), and
ke Eectoriic evolution of the region. Cyprus (Malpas et al. 1992). At these localities, the meta-
morphic rocks are best preserved at the base of the 0ph10-

<dynamothermal aureoles lites, or.may occur as blocks and knockers in- ophiolitic

mélange . where extensive transport.-of the thrust slices haa
dismembered the ophiolite stratigraphy. Commonly referred
to as dynamothermal aureoles, the rocks can range in meta-
égeﬁeﬁ 5 1995 Aooeptok Septemier 11, 998 wm_f@&és grade from granulite facies to s&%ggﬁe:ns;%n& facies,

29, 19 P 277 and.are. considered to have been produced during the dis-
‘ §§§§§ &ﬁé I %?a.;;agﬁ Department of Barth Sciences, jﬁﬁcﬁm‘“ﬁ‘{ stage of ophiclite obduction. Based on observa-
Hong Kong, Hong Kong. tions made at locations such as those listed above, a number
s%i:m;@a Cenire for Marine Geology, Dalhousie of criteria  have been established that characterize such
Halifax, NS B3H 315, Canada. §L?§S§§Q {Searle and X@a}g}ge 1980

%é ction’” of ophiolites and their incorporation into
n belts is a complex tectonic ‘process, which can

twient of isnce salhousie . g <
§§§si E}epi\imegi ggigsﬁé Ssgznwss Dalhousie . The metamorphic rocks occupy a consistent stratigraphic
§ 3 $ < 5. ¥ n'
» faiax, N5 BIH 300, Lanadd. ;ﬁff%ﬁii}i‘: at the base of the ophiolite and underlie a thick ultra-
nding author (e-mail: jgmalpas@hkucc.hku hik). mafic unit.

@
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Fig. 1. Geological map of the Dongiao ophiolitic massif and cross

QT, Qiangtang terrane.

Can. J. Earth Sci. Vol. 34, 1897

section of its dynamothermal aureole. LT, Lhasa terrane;
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2. There is a general lack of intrusive phenomena (e.g.,
dykes, xenoliths, chilled margins) associated with the contact
between the ultramafic and metamorphic rocks.

3. The metamorphic complexes characteristically have a nar-
row width, suggesting either a high thermal gradient, and
(or) the selective removal of parts of the sequence during
thrusting.

4. Where there has been no dismemberment, orientations of
the metamorphic fabrics snd the conditions of their formation
are essentially the same in the basal ultramafic rocks and the
metamorphic rocks.

5. There is rarely any evidence of high-pressure metamor-
phism in the aureole rocks. Neither jadeite, kyanite glauco-
phane, or lawsonite are reported and the assumption must be
that metamorphism took place at shallow levels, perhaps by
subcretion above a shallow-dipping subduction zone.

6. Where best preserved, such as in Newfoundiand or Oman,
the metamorphic rocks show an inverted metamorphic zona-
tion from high-grade granulite or upper amphibolite facies
immediately beneath the mantle peridotites to subgreenschist
facies at lower levels.

Metamorphic rocks in these aureoles are generally poly-
phase deformed and exhibit mylonitic fabrics in places.
Protoliths appear to have been basic igneous rocks, tuffa-
ceous rocks, and a variety of sedimentary rocks, including
silistones, radiolarian cherts, and pelagic limestones. These
have been transformed into garnetiferous amphibolites,
actinolite, chlorite schists, micaceous schists, and marbles.
In most cases, the low glaucophane content of the amphi-
boles (Malpas 1979; Searle and Malpas 1980, 1982; Ghent
and Stout 1981; Malpas et al. 1992) and low jadeite composi-
tion of clinopyroxenes suggest relatively low pressures of
crystallization, particularly in the presence of plagiociase and
quartz. This seems a common and, as yet, unexplained
feature of ophiolitic dynamothermal aureoles. Temperature

estimates obtained from element distribution coefficients
in coexisting minerals suggest maxima of the order of
700—800°C.
The metamorphic rocks of dynamothermal aureoles offer
a unique opportunity to place age restraints on the initiation
of ophiolite obduction. They are most amenable to *Ar/PAr
geochronology, particularly on amphibole separates. Ages so
determined have indicated that in many cases, initial ophic-
lite displacement closely followed the genesis of the oceanic
lithosphere at a spreading centre. Residual heat from the
recently formed ophiolite must have provided the dominant
eat source for metamorphism, and frictional heating is
unlikely to have supplemented this to any great extent
{Malpas 1679).

The Deongiac ophicliite

The Dongiao ophiolite of northern Tibet lies along the
Bangong —Naijiang suture (BNS), which separates the Lhasa
and Qiangtang terranes of southwestern China (Fig. 1). A
Jurassic age has been inferred for the complex from radio-
laria in associated cherts. In addition, the ophiolite is
overlain unconformably by shallow-water limestones and
terrestrial sandstones of earliest Cretaceous age, which were
deposited after its emplacement. These data suggest that the
ophiolite was obducted in latest Jurassic to earliest Creta-
ceous time, about 140 Ma (F. Wang and Tang 1984). The
ophiolite is considered to have formed in a suprasubduction
zone environment (Girardeau et al. 1984, 1985, 1986), and
like many other ophiolites formed in this way, was appar-
ently emplaced very soon after its genesis.

Metamorphic rocks are closely associated with the dia-
bases and peridotites of the Dongiao ophiolite. Girardeau
et al. (1986) reported the chemical compositions of amphi-
boles from foliated amphibolites beneath the diabase com-




s well as amphiboles in the diabases of the ‘nearby
massif. Beneath the harzburgites of the Dongiao
mstamurphlc rocks range from amphibolites to
hist facies in an inverted metamorphic seguence not
ike that of the classic Newfoundland localities (Malpas
279 Jamieson 1980).

:+ Dengiao, blocks of pillow lava, curmulate rocks, and
peridotites occur §§§ a %}ei* tectonically -bounded by
phyllites and sandstones to the north and by lime-
s to the south {Girardeau et al..1984). The Dongiac
iself is a block of harzburgite that extends approxi-

m inwidth. The Early Cretaceous shallow-water and

t of conglomerates at the base containing chromites
¢ from the ultramafic massif, succesded by sandstones
Lestones.

harzburgites are coarse-grained rocks with granular
hyroclastic textures, composed of olivine and ortho-
¢ with small amounts of clinopyroxene and chromite
and lenses of dunite, many hosting small ¢l ;mmstz
5. and narrow pyroxenite dykes are also present.
amorphic rocks form a narrow ridge that extends
roximately 2 km along the northern margin of the
ssif (Fig. 1), They are *ypxcaiiy dark grey to greenish grey
exhibit prominent banding. The metamorphic sequence
where more-than 8—9 m wide and shows considerable
on in metamorphic grade over this distance. Immedi-
{;}é{féﬁf to the ophiolite is a banded pyroxene hornfels
{ light green diopside crystals in a matrix of
: ne material. In inany samples the aﬁs;}»
s z-zs é&_ s of subhedral crystals up to I mm in
: rare cases may form relatively large §§$§‘-
3mm). A few centimetres from the contact
rgite, the diopside is g}amaﬁy raﬁmg;‘aueu to

acing ih*— pyroxene a&;

stices between the cry S{aés
ife{:i. Garnet has been found in
e \SM:} at 45 cm from the contact. Rfi@%fé&g awa}f

and the rock> become amphxbole mylomtes in
ew narrow bands of granular diopside and rare

s 1 m from the contact, no diop-

mounts of brown biotite coexist

neither :}i which shows a promi-

t émg}f%x&maveiy 1.5 m from the contact,
is replaced B} g;a en hornblende, and by

i v green hornblende

amounts of aﬁsv&: and 3@3 e. The ro R 1o longer

the banded appearance so ;revaﬁ hi gﬁ 1 up,
zz?suﬁé is more aci caia; thm he brown

18 km along the sirike of the belt and.ranges from-

strial deposits that unconformably. overlie the-massif

~ morphism  (Leake 19635,
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Near the base of'the aureole, 7 — 8 m from the contact with
the peridoﬁi:es “tight isoclinal folds are apparent. Here, the
rocks are well-foliated quartz—mica schists in which relict
protolith textures are still rarely preserved. In thin section,

_the hinges of folds are marked by concentrations of

microcrystalline %u?ﬁ‘ﬁ Fold limbs are highly sheared and
attenuated. Sense of shear is ﬁ%aﬁ} demonstrated by the
development of C—S fabrics and ““fish structures.”” Rela-
tively 32@‘%{3 {>1 mm} angular grains may represent relict
crystals of rock fragments in the protolith, which at this level
appear to have been volcanogenic sedimentary E‘Gﬁis. Such
rocks are exposed in outerops farther to the north, but in the
immediate vicinity of the ophiolite are covered by Quater-
nary alluvium, -

All of the rocks of the aureole are cut by narrow {1 =3 mm
wide) veinlets of zoisite and minor calcite. These are com-
pletely undeformed and typically cut the fabric of the host
pre
uri

rocks at high angles. They sam&h‘g formed under brittle

deformation bgndm{m during " thermalorelaxation of the
metamorphic rocks after thrusting and exhumation.

Mineralogy

Microprobe analyses of amphlboles pyroxenes plagxociase
mica, garnet, and zmsxte from' metamorphic rocks are pre-
sented in Table 1.

Amphiboles are collectively magnesiohornblendes (Fig. 2),
but the brown amphiboles are markedly more Ti rich than the
green varieties. In the presence of sp‘zsne, dmenite; and
magnetite, this equates with higher temperatures of meta-
C Rasse 1974 Th amphibole
cluster around the tremolite —actinolite — Al-pargasite join
(Fig. 3), corresponding to'a high-temperature rather than a
%gﬁ«prﬁs& re ?}ﬁidﬁ‘ﬁf‘gﬁ‘ﬂﬁ trend: {Z‘sﬁs;}vfsg;ne ‘Occurs
only in the 2.5 m of amphibolites closest to the peridotites.
All of the p}, roxenes analyzed are diopside, with very little
chemical - variation. Plagioclases from greenschist facies
metasedimentary rocks are clearly albitic in composit
the amphibolites, the plagioclases are of intermediate com-
position. Garnet has only been recognized in one sample
of amphibolite (DMS), collected 45 cm from ‘the ‘Contact
with the peridotites. It has an ‘ave raﬁe composition of
Gréﬁé,gn v1Sp;, suggesting the possibility of some retro-
gression to i*yaregres;saéai pfasumabiy as a result of roding-
itization.

The mineral paragenesis, which occurs over a distance of
8 m, is similar to that described from the aureoles of the Bay
of Islands ophiolite in western Newfoundland (Malpas et al.
1973; Malpas 1979) and Semail ophiolite of Oman (Searle
and Malpas 1980), and suggests increasing temperatures of
metamorphism towards the harzburgite contact (Jamieson
1980). However, at first glance, the me{&m{}rg;hgc gradient of
?E;e Dongiao aureole appears steeper than that of the Bay of

Isiands. ?"Cg?ééﬁ hornblende 3"%5 mtermediate plagiociase

suggest that minimum temperatures of at least 475°C were
ad};uhdi The lack of prograde chiorite close to the perido-
tite contact suggests temperatures in excess of 550°C gﬁgﬁsu
and Liou 1983). The occurrence of diopsidic clinopyroxene
near the contact suggests that here temperatures might have
reached as high as in the granulite facies, in excess of 750°C,
assuming the oxygen fugacity was equivalent to the quartz —

© 1997 NRC Canada
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Table 1. Representative analyses of metamorphic minerals from the aureole of the Dongiao massif.

Sample: DM1 DE2 DMI18 DMI DM35 DM1i8 DE1 DM3 DMS5
Mineral: Amph B Amph G Amph G Diop Diop Ab Zo Biot Gar

Distance (m): 0.00 1.60 7.00 0.00 0.45 7.00 1.00 0.15 0.45

Si0, 45.87 47.17 47.23 52.30 52.69 69.15 43.58 43.08 36.73
TiG, 1.66 0.89 0.62 0.28 0.19 0.03 0.00 2.54 1.15
ALG, 9.62 8.27 9.76 1.77 1.34 20.22 23.52 16.21 7.68
FeO 13.47 16.20 14.97 9.95 10.34 06.23 0.54 15.55 19.92
Mn 0.23 0.27 0.28 0.24 0.29 0.02 0.05 0.18 0.41
MgO 13.85 12.44 13.47 14.47 13.33 0.08 0.20 12.04 §.23
Ca0 11.69 12.13 10.84 21.27 21.84 0.44 25.68 11.37 32.18
Na,O 1.80 1.1t 1.33 0.46 0.76 16.16 0.10 1.85 .09
0 0.46 0.14 0.10 0.01 0.01 0.18 0.03 0.87 0.00
P,0s 0.08 g.14 0.04 0.02 0.60 .15 0.12 0.00 0.00
Tota 98.23 98.76 G8.58 100.75 100.79 100.65 93.82 97.68 98.40
Si 6.8 7.20 7.15 1.94 1.96 2.98 3.46 6.16 6.26
Ti 0.19 Q.10 0.07 0.00 0.00 0.00 0.00 0.27 0.14
ALY 1.01 0.79 0.84 0.05 0.03 0.01 0.00 0.00 0.00
AV 0.71 0.69 0.88 0.02 0.02 1.01 2.20 1.72 1.54
Fe 1.71 2.07 1.89 0.30 0.32 0.00 0.03 1.86 2.84
Mn 0.03 0.03 0.03 0.00 0.00 0.00 0.00 0.02 0.05
Mg 3.16 2.83 3.04 0.80 0.74 7 0.00 0.02 2.56 0.05
Ca 1.81 1.98 1.75 0.84 0.87 0.02 2.18 1.74 5.88
Na 0.53 0.32 0.39 0.03 0.05 0.85 0.01 0.51 0.02
K .09 0.02 0.01 0.00 0.00 0.00 0.00 0.1 0.00
P 0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Sum 16.26 16.10 16.10 4.02 4.02 4.92 7.94 15.03 16.82
No. of O 24 z4 2 6 6 8 12.5 22 24

Notes: Amph B, brown

P

Fig. 2, Chemical
aureole of the D
tschermakite.
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fayalite — magnetite buffer (Spear 1981). However, no ortho-
pyroxene such as in the Newfoundland examples, has been
found and it is thus improper to call the rocks granulites.
Because there are no aluminosilicates and the mineral
assemiblage shows high variance, meaningful thermobarome-
try is difficult. Following the pioneer experimental work of
Raheim and Green (1974, 1973), the distribution of iron and
magnesium in coexisting garnet and clinopyroxene has been
used as a geothermometer by various authors (e.g., Ellis and

amphibole; G, green amphibole; Diop, diopside; Ab, albite; Zo, zoisite; Biot, biotite; Gar, garnet.

Fig. 3. Composition of amphiboles from the Dongiac metamorphic
aurecle in relation fo high-temperature and high-pressare
metamorphic trends.
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1988: T.H. Green and Adam 1991). The distribution ¢o
cient Kp = (FeO/MgO)g, /(FeO/MgO),, was origi
thought to decrease with increasing temperature and be
tively insensitive to changes in chemistry reflected in m
components of the pyroxene or garnet solid solutions. H
ever, the recent review by Berman ef al. (1995) shows tha-
Ky, values depend on pressure and Ca content of garnet. &




hou et al.

‘roprobe analyses is the estimation of actual Fe;O5/FeO
g‘{' 5. ‘If the rare Dongiao garnets are calculated as hydro-
ssular, then Kp values indicate a temperature in the
snoeof 280°C at 45 cm from the contact. Even applying all
¢ the attendant caveats (Searle and Malpas 1982), this seems
ow for a garnet amphibolite produced at approximately
1 Lhar (400 MPa) pressure (D.H. Green and Ringwood
957y, and confirms that the garnet and clinopyroxene are 10
onger in equilibrium as a result of retrogression. Indeed,
+ that thermobarometry using garnet and clinopyroxens —

sablende is so dependent on Ca content of the garnet, litile
-0 can be made using the compositions here, which are so
_clearly a result of rodingitic alteration. Previous estimates of
wrphic temperatures for similar, unaltered assemy
from the Semail ophiolite of Oman are of the order
0°C (Searle and Malpas 1980; Ghent and Stout 1981).

OarI%%Ar geochronology

: mphibole separates (DE1 and DE2) from the aureole
bee: analyzed for argon isotopes. The samples were
 1'and 2 m from the contact respectively and local-
hown in Fig. 1. The samples were irradiated in the
er. Unxver;zty nuclear reactor and argon isotopic
) &i% undertaken using a VG 3600 mass spectrome-
d to an internal tantalum resistance furnace of the
sle-vacuum type. Hornblende MMhb-1, with an assumed
£ 520 &+ 2 Ma (Samson and Acxander 1987}, was used
wndard for all analyses. Other experimental procedures
w those described by Muecke et al. (1988). Errors
tod are the 20 analytical uncertainties; the estimated error
i irradiation parameter, J, is included, but no allowance
de for uncertainty in the age of the standard or in the
s ol the {iﬁ(ﬁﬁ‘x constants.
‘v’ei‘f fiiscg éam age S?@Cﬁ“& and

fow, ca. 80— Q{i \ia, &58&-‘ T%sss i"ﬁai dg}sﬂsvxi»
% of gas released from both samples gave more
msistent ages (180 + 3 Ma for DE1; 175 & 3 Ma for
‘~ é}ﬁg with higher 37Ar/3%Ar ratios (Fig. 4).

\\h&:}waver a major question is why there are
metamorphic minerals. If indeed the com-
re produced during subduction, then blueschist
ininerals such as lawsonite and glaucophane might
11y be expected. Their absence must relate to the depth
ture of metamorp and suggests a relatively
ing subduction zone and high heat flow. ;‘;&e‘%}
ght be associated with obligue subduction o
sliback,”” which facilitates ophiolite genesis %}f
Sictinn spreading (Fig. 5). It is to be remarked that
§§*3 gﬂi‘ﬂﬁi& v described occurrences of dynamother-
appear to be associated ! sag;msabdﬁzgﬁﬁg
(references cited above). The subductio
would certainly favour crustal extension &rﬁ
cdiately above the subduction zone, and high

as on temperature. An additional difficulty with using
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Fig. 4. “Ar/®Ar spectra of the hornblendes (DE1 and DE2)
from the aureole of the Dongiao massif.

200

& 150] E
W 180+ y
= i< -~
I DEFH ~
£ = Eﬁﬁ DE! HO! -
g i F <
e 3 R | L -
5 50 4 5
g ; S r.e =20
< ] i _

E S

0 H T i T i i H i H g
g 10 20 30 40 30 80 7O 80 S0 100
*Ar RELEASED

260

[
Lt
[l

G175+~ 3Ma ol

T e |

DE2 HORNBLENDE

{———T_L“_'j -20

U |

APPARENT AGE (Ma)
2

e
& i
tdtiihs i

)
>3

i i i H t

H i i
10 20 30 40 50 60 70 80 90 100
% ¥Ar RELEASED

o

heat flow is to be expected in an area of magmatic activity.
The process of subsequent exhumation of the subcreted meta-
morphic rocks is still not fully understood, but no doubt
would be facilitated ina zone of crustal extension and mantle
upwelling. This, however, remains an outstanding problem:
Compared with the dynamothermal aureoles of the White
Hills and Bay of Islands in Newfoundland, the Dongiao
sequence is considerably thinmer. Itis unreasonable that this
is simply due to a higher thermal gradient during metamor-
phism; rather, it is more likely a result of structural thinning
of the msiam@fphic sequence during emplacement. Such
reduction in the thickness of the complex may have taken
place relatively early along the amphibolite-grade mylonite
zones close to the present contact with the. peridotites.
Ages of radiolarites and fossiliferous flysch deposits directly
asseciated with the Dongiao ophiolite indicate that it was
formed in the Jurassic (F. Wang and Tang 1984). On the
basis of unconformably overlying Early Cretaceous sedimen-
tary rocks, obduction is inferred to have occurred in-latest
Turassic — sariisst Crsfasei}ﬁs time, ca. 140 Ma E\Gira"éea“
etal. 1984, 1985, 1986; F. Wang and Tang 1984; X. V
¢ al. 19843, ﬁf}wever the new Ar—Ar ages presented fﬁﬁ
provide a 175 Ma displacement age for the ophiolite. This
Middle Jurassic age correlates well with a U~Pb meta-
morphic age of 171 + 6 Ma for zircon and sphene from a
K-feldspar — biotite — chlorite —epidote gneiss at Anduo, some
5G dom-east of Dongiac (Xu et al. 1985), suggesting that both
metamorphic sequences were formed by the collisien of the
Lhasa and Qiantang terranes. The disparity in radiometric
and stratigraphic ages of ophiolite obduction clearly indicates

© 1997 NRC Canada
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Fig. 5. Model for the generation of the Dongiao ophiolite and its dynamothermal aureole in a suprasubduction zone setting.
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the importance of obtaining accurate isotopic ages with
which to date the displacement event. The stratigraphic evi-
dence simply provides the minimum age for final emplace-
ment of the thrust slicsw_

Ar-Ar ages of other volcanic rocks (basalts, andesites,
and dacites) in the Dongiao area range from 80 to 120 Ma
(Maluski et al. 1985, 1988; Coulon et al. 1986), much youn-
ger than the emplacement of the ophiolite and the collision
between the two terranes. These volcanic rocks must be

related to intrablock tectonic events.
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