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Geologic mapping and stratigraphic correlation of low-
grade Precambrian Lesser Himalayan units using U–
Pb detrital zircon dating reveal the existence of a 
Main Central Thrust (MCT) window and a prominent 
ductile thrust zone within the Greater Himalayan 
Crystallines in the Arunachal Himalaya of NE India. 
The newly discovered MCT window is cut and offset 
by several active north-trending normal faults extending 
from southeast Tibet, indicating the fault is no longer 
active. Ion-microprobe dating of monazite inclusions 
in garnets from the MCT zone indicates that the fault 
was active at 10.1 ±± 1.4 Ma. Our structural data to-
gether with a synthesis of existing geologic maps sug-
gest that the eastern Himalaya is composed of a large 
thrust duplex with the folded MCT as the roof fault. 
The total amount of crustal shortening accommodated 
by the duplex and the MCT south of the South Tibetan 
Detachment may exceed 500 km, which is probably 
greater than the amount of crustal shortening across 
the central Himalaya in Nepal and definitely greater 
than the amount of shortening across the western  
Himalaya in Pakistan. The observed systematic varia-
tion of crustal shortening suggests that Himalayan 
crustal thickening and uplift are uneven along strike, 
which may be in response to the westward decrease in 
convergence rate between India and Asia during the 
Cenozoic.  

 
Keywords: Arunachal Himalaya, Himalayan orogen, 
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THE Himalayan orogen was created by the Cenozoic Indo-
Asian collision1. The geology of its western and central 
segments west of Bhutan is quite well known, due to ex-
tensive geologic investigations over the past several dec-
ades1–7. In the central Himalaya, the major faults (i.e. the 
Main Frontal Thrust, MFT; Main Boundary Thrust, MBT; 
Main Central Thrust, MCT, South Tibet Detachment, STD)

juxtapose laterally continuous tectonostratigraphic units 
for over 1000 km (i.e. Greater Himalayan Crystalline Com-
plex, GHC; Lesser Himalayan Sequence, LHS; Tethyan 
Himalayan Sequence, THS and the sub-Himalayan belt)8. 
In contrast, significant along-strike variation in lithology 
and metamorphic grades occurs in northern Pakistan and 
northwestern India of the western Himalaya, where the 
magnitude of crustal shortening is significantly less than 
that in the central Himalaya, as indicated by correlative 
lithologic units across major faults and change in meta-
morphic grades in both the hanging wall and footwall of 
the MCT along strike9–12. An obvious question from these 
first-order observations is whether the Himalayan orogen 
was constructed in the same manner along its whole length 
with a constant magnitude of crustal shortening or varies 
along strike of the orogen in response to a westward de-
crease in convergence rate between India and Asia13,14. In 
addition, it is important to know if the Himalayan orogen 
was constructed synchronously or diachronously along 
strike. We address these questions below by presenting 
newly obtained geologic and geochronological data from 
the Arunachal Himalaya of NE India.  

Geology of the Arunachal Himalaya  

The Arunachal Himalaya occupies the easternmost segment 
of the Himalaya between long. 91°30′E and 96°E, and in-
cludes the eastern Himalayan syntaxis (Figure 1). This 
segment of the Himalaya is located east of Bhutan, where 
Gansser15 and Indian Geological Survey16 have done ex-
tensive mapping. Geologic research in the Arunachal Hima-
laya can be traced back to the 19th century during which 
several reconnaissance investigations were conducted 
along its foothills17–20. The early research laid a foundation 
for a proliferation of geologic activities20–24 in the early 
1970s and subsequent regional syntheses by Thakur25, 
Singh and Chowdhary26, Acharyya27–29, and Kumar30, among 
others. These overviews establish general stratigraphy 
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Figure 1. Tectonic sketch of the eastern Himalaya. Imbricate thrusts in Lesser Himalaya based on this study, STD klippe from Grujic et al.4, east-
ern-syntaxis geology from Ding et al.58 and Geological Survey of India32, MCT and MBT traces from Singh and Chawdhary26, Tripathi and Kaura59 
and this study. The geology of southeast Tibet is from Yin and Harrison60. Attitude from Verma and Tandon22, and Tripathi and Kaura59 are shown 
with red and brown numbers on the map. Inset, Geologic map of eastern Bhutan and western Arunachal Himalaya and location of cross-section 
shown in Figure 3. Traces of the STD and MCT and strikes and dips of bedding and foliation in eastern Bhutan are from refs 4, 15, 16. MFT, Main 
Frontal Thrust; BT, Bhalukpung Thrust; TFT, Tipi Thrust; MBT, Main Boundary Thrust; MCT, Main Central Thrust; ZT, Zimithang Thrust.  

 
and tectonic framework of the region and place the major 
lithologic units in the context of the overall Himalayan 
tectonic framework21,22,26,27,30,31. Noticeably, past investi-
gations in the region are almost entirely based on field 
studies without application of modern geochronology and 
quantitative structural analyses. As a result, the age of the 
major lithologic units are highly uncertain and we know 
almost nothing about the timing of exhumation of the region 
and the age of fault motion along major structures such as 
the MCT. For example, few igneous units in the Arunachal 
Himalaya have been dated radiometrically30. In addition, 
our understanding of the basic structural geology of the re-
gion remains incomplete. For example, even the basic ge-
ometry of the MCT has been portrayed differently either 
as a simple north-dipping fault or a folded thrust26,30,32. 
Below we describe our observations along a traverse 
across the westernmost Arunachal Himalaya and present 
new geochronologic data that provide general constraints 
on the age and correlation of the Lesser Himalayan se-
quence in the region and timing of motion on the MCT. 

Structure and stratigraphy 

The MFT as the contact between the Brahmaputra alluvium 
and the sub-Himalaya is concealed by vegetation and 
Holocene deposits along our traverse. Cenozoic strata in 
the hanging wall are broadly folded (Figures 1 and 2) and 
were assigned as the Plio-Pleistocene Kimin and Subansiri 
Formations26,30. The north-dipping Bhalukpong thrust obser-
ved in this study and the Tipi thrust26,27 lie within the Ter-
tiary strata. The Tipi thrust juxtaposes the Dafla Formation 
over the Kimin and Subansiri Formations. It strikes N45°E 
and dips 55°NW with down-dip striations. Acharyya27,29 
reported that Eocene marine strata and volcanics are distrib-
uted along the MBT and Tipi zones, tectonically juxta-
posed either on the top or bottom of the Dafla Formation 
sandwiched between the two thrusts. He envisioned that 
the Eocene strata formed as thrust horses in a duplex system 
below the MBT. In Figures 1 and 2, we lump the Eocene 
and Dafla strata as a single unit.  
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Figure 2. Geologic cross-section of western Arunachal Himalaya. 
 

 
 The MBT is not exposed, but its location is well deter-
mined. Its hanging-wall Permian and footwall Tertiary 
strata are isoclinally folded and sheared by mesoscopic 
thrusts. Locally bedding in Permian strata is completely 
transposed by axial cleavage. Acharyya et al.23 divided 
the Permian strata into three units separated by thrusts. 
The threefold division was later simplified into two divi-
sions by the Geological Survey of India32 that is followed 
in our cross-section construction. Placing a thrust between 
the structurally upper and lower Permian units is consis-
tent with our observations that the units have different at-
titudes across the inferred thrust (Figure 2).  
 The north-dipping Permian strata lie below augen gneiss 
interlayered with phyllite, quartzite, metavolcanics and 
carbonates, collectively known as the Bomdila Group 
(Figure 2)30. Mylonitic fabrics are widely developed in 
the gneiss, as reported by Verma and Tandon22. We are 
not aware of any other kinematic analysis of the mylonitic 
rocks. Our field observations consistently suggest that the 
north-trending stretching lineation has top-south sense of 
shear as indicated by S–C fabrics and asymmetric porphyro-
blasts. This kinematics is consistent with regional top-south 
Cenozoic thrusting such as along the MCT and MBT. 
This kinematic compatibility strongly suggests that the 
mylonitic shear zones within the Bomdila gneiss are Cenozoic 
in age, developed during the formation of the Lesser Hima-
layan thrust belt.  
 Structurally above the Bomdila Group is a sequence of 
phyllite and quartz arenite, locally interbedded with carbon-
ate. They are commonly referred to as the Tenga Forma-
tion and Rupa Group30,33,34. A distinctive marker bed is 
present in this unit, namely the Miri Quartzite, which can 
be traced across the whole Arunachal Himalaya21,34,35. 
This marker bed is duplicated several times based on our 
own observations and those by Verma and Tandon22 
(Figure 1). The youngest age of the detrital zircons in the 
Rupa Group is about 950 Ma (see more detailed description 
below), suggesting that its deposition must have occurred 
after this time. The age of the Bomdila gneiss was dated 
by the whole-rock Rb/Sr isochron method from samples 
collected near Bomdila, which yielded 1644 ± 40 Ma and 
1676 ± 122 Ma, respectively36. Later geochronological 

analysis of the Bomdila augen gneiss by Dikshitulu et 
al.37 using the Rb/Sr method with a six-point isochron in-
dicates its age to be 1914 ± 23 Ma. These authors also report 
a 1536 ± 60 Ma Rb/Sr age for a high-Ca granite that in-
trudes into the dark grey phyllite. From the above age 
constraints, we may conclude that there are at least four 
chronologic units in the Arunachal Lesser Himalayan Se-
quence; two are igneous and two metasedimentary. The 
oldest rock could either be the 1914 Ma gneiss or the meta-
sedimentary sequence that is intruded by the ~1530 Ma 
granite. The ~1530 Ma granite may be produced by a pro-
tracted igneous event lasting from ~ 1676 to 1530 Ma and 
be part of the main body of the Bomdila gneiss complex. 
The youngest nonfossiliferous Lesser Himalayan unit is 
the Rupa Group, which must be younger than 950 Ma as 
constrained by our detrital zircon ages. Because of a large 
age gap between the Bomdila gneiss and the Rupa Group, 
we suggest that the latter was deposited unconformably 
on top of the Bomdila gneiss. As shown below, the detrital 
zircon ages from the Rupa Group are clustered at ~1400 
and 1700 Ma, respectively. These ages are broadly com-
patible with those from the Bomdila gneiss and may further 
suggest that the Bomdila gneiss is the basement and 
source of the detrital zircons for the Rupa Group.  
 The MCT near Dirang juxtaposes garnet-bearing gneiss 
and kyanite-bearing schist over phyllite, quartzite and 
metavolcanic rocks. The fault zone is ~100–300 m thick 
and consists of mesoscopic folds trending N5°W to N45°W 
and verging to both southwest and northeast. As the folds 
are subparallel to striations dominantly trending N10–
20°W in the MCT zone, the fold hinges may have been 
rotated into sub-parallelism to the thrust transport direction 
during shear along the MCT. Although we observed no 
mylonitic shear zones associated with the MCT, a weak 
stretching lineation trending about N5–15°W is locally 
present in phyllite below the thrust. From the MCT zone 
upward, the number and size of deformed and undefor-
med leucogranites increase. At the base of the MCT 
hanging wall, the leucogranites are less than tens of centi-
metre thick and a few metres long. However, at higher 
levels near Se La pass (Figure 1), they increase to 20–40 m 
thick and >100 m long. Associated with the large quantity 
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of leucogranites near Se La pass is the appearance of sil-
limanite, indicating upward increase in metamorphic 
grade.  
 We mapped a warped, low-angle fault near Lumla be-
tween Tawang and Zhimithang, which we term as the 
Lumla thrust. This fault places high-grade garnet–biotite 
gneiss over low-grade phyllite and quartz arenite (Figure 
1). The latter is similar to phyllite and quartz arenite of the 
Rupa unit we observed to the south in the footwall of the 
MCT. The fault has a 1–3 m thick gouge zone, with stretching 
lineation trending N30–50°W in footwall phyllite. South-
east-verging folds are present below the fault with hinges 
trending between N30°E/S30°W and N75°E/S75°W. These 
observations indicate a top-southeast sense shear on the 
Lumla thrust. According to Kumar30 and the Arunachal geo-
logic map, phyllite and arenite near Lumla belong to the 
basal part of the Tethyan Himalayan Sequence (THS) that 
rests unconformably on top of the Greater Himalayan 
Crystalline Complex (GHC). This interpretation is incon-
sistent with our field observations that the high-grade 
rocks are juxtaposed against low-grade rocks. The Lumla 
thrust is offset between 5 and 200 m by several north-
striking normal faults (Figure 1). 
 The LHS strata in Lumla could either be an embayment of 
a half window or a full window of the MCT. Due to the 
difficult access around Lumla, we were not able to trace 
the fault and the interpreted Rupa strata laterally. How-
ever, our preliminary interpretation of the available 
LANDSAT image and extrapolation of the known trace 
of the MCT in Bhutan led us to interpret that the occur-
rence of the LHS in Lumla results from the presence of 
an MCT window, which we refer to as the Lumla window. 
This hypothesis needs to be tested by future field mapping.  
 Our mapping also reveals a north-dipping mylonitic 
thrust shear zone (>150 m thick) near Zimithang in the 
GHC, that we term here as the Zimithang thrust (Figure 
1). The shear zone places augen gneiss over garnet–biotite 
quartzo-feldspathic gneiss. Stretching lineation in the 
zone trends between N10°E and N45°W. The presence of 
this shear zone indicates significant internal shortening 
within the GHC by thrusting. From the location of the 
Zimithang shear zone, we correlate it to the north-dipping 
Kakhtang thrust in eastern Bhutan4,15, which is also a 
prominent ductile thrust in the GHC.  

U–Pb detrital zircon dating  

The hanging-wall and footwall units across the Lumla 
thrust are remarkably similar to those across the frontal 
trace of the MCT near Dirang, raising the possibility that 
the Lumla thrust is a tectonic window of the MCT. To 
test this hypothesis and to determine whether the Lumla 
phyllite and arsenite belong to the THS, we conducted U–
Pb dating of detrital zircons from two arsenite samples 
collected at Lumla and Dirang (AY 9.16.03.14-53 and 

AY 9.17.03.15-56 in Figure 1). The analyses were pre-
formed by laser-ablation-ICPMS at University of Arizona. 
We dated 97 and 100 zircon grains respectively, for the 
two samples, both yielding similar 207Pb/206Pb age distri-
butions ranging from ~950 to ~2960 Ma (Figure 3 a and 
b; Table 1). For both samples there are two prominent age 
clusters at 1400 and 1700 Ma, which are different from 
typical detrital zircon ages of the THS but similar to 
those from the LH determined in Nepal38,39 (Figure 3 c). 
We also compare the two age distributions by plotting cu-
mulative counts against the 207Pb/206Pb age (Figure 3 d), 
which again shows remarkable similarities between the 
two samples. To make the comparison statistically rigorous, 
we performed Kolmogorov–Smirnov analysis40. The re-
sults indicate that the distributions are distinguishable 
only at 60% confidence interval (30% confidence level 
for error-weighted analyses). Hence the null hypothesis 
cannot be disproved at a statistically significant level (i.e. 
95% confidence level) and the two samples may very well 
come from the same source region.  

Timing of motion on the Main Central Thrust 

In order to determine the age of the MCT, we performed 
U–Th ion-microprobe dating of monazite inclusions in 
garnet from the MCT zone. The general analytical proce-
dures are as follows. Monazite grains in polished thin 
sections from rock samples were located using backscat-
tered electron (BSE) petrography (Figure 4) and energy-
dispersive X-ray spectroscopy with a scanning electron 
microscope or an electron microprobe at UCLA. Mona-
zites found in the matrices of rocks were not used to obtain 
ages. Only monazites in garnets were used in the in situ 
Th–Pb dating method. Monazite crystals were found to 
vary in size from 5 to 20 µm. Monazite grains in garnet 
were documented with detailed BSE images. The portion 
of the thin section that contained monazite grains and sur-
rounding garnet was precisely cut using a precision table 
saw and mounted in epoxy with a minimum of ten grains 
of polished monazite age standards (monazite 554, see 
Harrison et al.41). A digital camera attached to an optical 
microscope was used to take reflected light images of the 
garnets that contain monazite grains so as to aid relocating 
the grains during ion microprobe sessions. Before probe 
sessions, the mounted epoxy samples were cleaned in soapy 
water, then distilled water and high-purity ultrasound 
cleanser. Later the samples were gold-coated. 
 Monazite grains were analysed using a CAMECA ims 
1270 ion microprobe. The dating method takes advantage 
of the kinetic energy distribution of the Th and Pb ions 
sputtered from monazite using a primary oxygen (O–) 
beam focused to a spot size that varied from ~5 to 30 µm 
in diameter. Greater the diameter, greater are the chances 
of detecting the in situ monazite grains during initial relocat-
ing of the grains on the samples. However, due to the 
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small sizes of the grains from Arunachal Pradesh, in our 
sessions we chose the beam diameter to be at 15 µm (see  
 
 
 

 
 

 
 

 
 

Figure 3. a, Frequency diagram of 207Pb/206Pb detrital zircon ages for 
sample AY9170315-56. See Figure 1 b for sample location. b, Frequency 
diagram of 207Pb/206Pb detrital zircon ages for sample AY9170314A-53. 
See Figure 1 b for sample location. c, Comparison curves of detrital 
zircon ages from the Lesser Himalaya, Greater Himalaya, and Tethyan 
strata in Nepal61. d, Cumulative probability plots of age distribution for 
samples AY9170315-56 and AY9170314A-53.  

Harrison et al.41,42 for details). The primary beam varied 
from 5 to 15 nA. A 50 eV energy window and an ~10 eV 
offset for Th+ was used. The mass resolving power of the 
ion microprobe set at ~6000 allows all Th and Pb isotopes 
to be resolved from any other molecular interference. The 
O-beam sputtered less than a micron of the grain surface 
and the monazite grain of interest was located by the 
beam quickly. Each grain analysis was scheduled for ten 
runs and the whole procedure was completed in minutes. 
The uncertainty in the Th–Pb monazite ages reported here 
is limited by the reproduction of a calibration curve and 
is ± 1–2%. 
 The sample we analysed (AY91403-(8a)) was collected di-
rectly above the MCT near Dirang (Figure 1). U–Th ion-
microprobe analysis of monazite inclusions yields an age 
of 10 ± 1.4 Ma (1 σ) from five monazite grains included in 
four different syn-kinematic garnets (Figure 3). This age 
is slightly older than the U–Th monazite inclusion ages of 
~7–3 Ma in central Nepal43,44. Since the monazites in this 
study are included in garnets and unlikely to experience 
high temperature (>650°C) conditions for an extended 
period, the interpretation that they experienced large 
amounts of 208Pb diffusional loss is improbable. Therefore, an 
age of ~10 Ma from these monazites in the MCT hanging 
wall records crystallization ages and suggests that the 
MCT was active in the late Miocene. 

Magnitude of crustal shortening 

The magnitude of crustal shortening across the whole or 
parts of the Himalayan orogen has been estimated in northern 
Pakistan10,45, NW India46–48, south-central Tibet49,50, and  
 
 

 
 

sample AY 91403-(8a) 
weighted mean age = 10.1 ± 1.4 Ma 
MSWD = 0.06 

 
Figure 4. Back-scattered electron image of dated monazite inclusions 
in garnet from sample AY91403-(8a) from the MCT zone. See Figure 
1 b for location.  
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Nepal3,51 using balanced cross-sections. However, few such 
attempts have been made in the Arunachal Himalaya. 
Those who made balanced sections, focused their analy-
sis exclusively on structures in the sub-Himalayan belt 
between the MBT in the north and the MFT zone in the 
south27,29. The existing balanced cross-section of Acharyya27 
in the Arunachal Himalaya implies ~30 km of shortening 
in the MBT footwall.  
 Following the early approaches in other parts of the 
Himalaya3,47,48,50, we constructed a balanced cross-section 
across the westernmost Arunachal Himalaya by assuming 
kink-bend folding and constant bed thickness (Figure 2). 
Although this method produces folds with sharp hinges, it 
can also generate folds with circular hinge zones if the 
dip domains are close to one another as done in many 
cases of constructed balanced cross-sections52. One could 
easily smoothen the faults and contacts we draw in the 
cross section and make the fold hinges more rounded. We 
decided not to do this to allow the readers to directly 
evaluate our construction without introducing any arbi-
trary constructions. Also, as more field measurements are 
available, more realistic and detailed cross-sections can 
be constructed.  
 The most fundamental constraints on our cross-section 
are (1) surface geology (e.g. attitudes of beds, location of 
faults, etc.) we surveyed from Bhalukpong to Zhimithang 
(Figure 1), (2) thickness of the stratigraphic units deter-
mined from field mapping and (3) a regional dip of 3.5° 
of Indian basement beneath the Arunachal Himalaya as 
constrained by regional gravity data and modelling53. In 
our cross-section, the MBT has a relatively steep angle, 
which is inferred from the steeply dipping bedding attitudes 
immediately above the fault. Acharyya27 has long advo-
cated that the MBT is a flat-lying but folded thrust with a 
large magnitude of displacement. This is certainly a pos-
sibility, but implementing this type of geometry in our 
cross-section would violate measured bedding attitudes, 
assuming no out-of-sequence thrusting has occurred 
across the MBT zone. Without further constraints on deep 
crustal geometry of the MBT, we adopt a relatively sim-
ple geometry of the MBT as portrayed in our section that 
is permissible by all available geological data (Figure 2).  
 In our cross-section we project the STD and MCT 
mapped to the west and east of our field area onto our 
cross-section4,26 (Figures 1 and 4). We also corrected the 
apparent line length with respect to the thrust transport 
direction of S30°E and obtained a total amount of short-
ening exceeding 585 km across our traverse using the 
line-balance method54. This shortening is distributed by 
>195 km motion on the MCT, ~310 km thrusting and folding 
in the LH, ~90 km thrusting in the Permian and Cenozoic 
strata, and >50 km motion on the Zimithang Thrust. Note 
that although the Bomdila gneiss is shown as a one conti-
nuous unit in our cross-section, it should be regarded as a 
composite unit that includes the Bomdila gneiss and its 
interlayered metasedimentary units as seen in Bhutan for 
the equivalent rocks15. 

 The main uncertainty of our line-balance calculations 
comes from that of the Lesser Himalaya. First, the available 
structural data in this domain remain sparse. Second, the 
assumption that thrust-related folding in this unit is ac-
commodated by flexural slip in the Lesser Himalaya is 
questionable because the Bomdila gneiss and its interlayered 
metasedimentary strata are folded at least at outcrop scale 
by ductile shearing and isoclinal folding. Third, it remains 
unclear whether repetition of marker beds in the Lesser 
Himalaya22,52 was caused by folding or imbricate thrust-
ing. To resolve these problems, we adopted an alternative 
area-balance method55, in which we use our own field ob-
servations to constrain the thickness of the Bomdila 
(~3.5 km) and Rupa (~3.2 km) Groups. We again assume 
that the basal decollement beneath the western Arunachal 
Himalaya dips 3.5° to the north, as inferred from regional 
gravity data53. Finally we assume that the MCT exhibits 
the geometry as portrayed in Figure 4. Using this method, 
we obtained a total amount of 279 km shortening in the 
Lesser Himalayan belt, which is about 30 km less than 
that of 310 km estimated by line balancing. This minor 
difference can be attributed to the lack of a steep ramp in 
the northernmost part of the section in our area-balancing 
calculation. Our estimated total shortening using area bal-
ancing in the LH is likely to be a minimum because the 
estimated thicknesses of the Bomdila and Rupa Groups 
represent their upper bounds due to distributed thickening 
by internal folding and thrusting.  

Discussion  

The minimum crustal shortening estimated in the central 
Himalaya ranges from 185 to 245 km in eastern Nepal51 
and 418 to 493 km in western Nepal3. These do not include 
shortening in the Tethyan Himalaya above the STD. Far-
ther west in northern Pakistan, DiPietro and Pogue10 esti-
mated shortening across the westernmost Himalaya to be 
~200 km and suggested a westward decrease in contrac-
tion from the central Himalaya compared to the estimates 
in Nepal3,50,51. Although our estimated minimum crustal 
shortening is significantly greater than that estimated 
from the western Himalaya, comparing our estimates 
against those from the Nepal Himalaya requires qualifica-
tion, because both estimates are minimum values. The 
main cause of the lower-bound estimates in Nepal and 
our study area is due to erosion of hanging-wall cut-offs. 
If this is the case, then we may partition the total amount 
of shortening (TS) into two terms: the minimum amount 
of shortening estimated from balanced cross-sections 
(MS) and missing shortening by erosion of the hanging-
wall cut-offs (HMC). That is,  

 TS = MS + EHWC. (1)  

We could make meaningful comparison of the total amount 
of shortening between the central and eastern Himalaya, 
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Table 1. U–Pb geochronologic analyses 

 Isotopic ratio Apparent age (Ma) 
        Error       Percent 
  206Pb/  207Pb*/  206Pb*/  corre- 206Pb*/  207Pb*/  206Pb*/  concen- 
Sample U (ppm) 204Pb U/Th 235U ± (%) 238U ± (%) ction 238U ± (Ma) 235U ± (Ma) 207Pb* ± (Ma) ration 
 

AY9160314A 
AY9160314A-93 364 22359 0.5 1.51645 3.07 0.15404 1.99 0.65 924 17 937 19 969 24 95 
AY9160314A-25 323 8597 6.3 1.52597 6.99 0.15468 6.46 0.92 927 56 941 42 973 27 95 
AY9160314A-96 136 7491 1.3 1.64513 5.55 0.16067 3.67 0.66 961 33 988 34 1049 42 92 
AY9160314A-94 459 9006 0.9 1.67716 5.44 0.16239 4.94 0.91 970 44 1000 34 1066 23 91 
AY9160314A-97 310 23717 1.4 1.78568 4.40 0.16994 3.55 0.81 1012 33 1040 28 1101 26 92 
AY9160314A-29 253 10650 0.9 1.72261 3.90 0.16369 2.05 0.53 977 19 1017 25 1104 33 89 
AY9160314A-95 558 4311 1.4 1.40066 5.67 0.13310 4.07 0.72 806 31 889 33 1104 39 73 
AY9160314A-42 244 17601 2.8 1.85665 5.06 0.17519 4.41 0.87 1041 42 1066 33 1118 25 93 
AY9160314A-33 92 7383 1.9 1.87403 4.80 0.17607 2.12 0.44 1046 20 1072 31 1126 43 93 
AY9160314A-7 217 10553 5.0 1.85133 2.77 0.17326 1.52 0.55 1030 15 1064 18 1134 23 91 
AY9160314A-77 163 7511 2.7 1.96453 5.98 0.18373 4.30 0.72 1087 43 1103 40 1135 41 96 
AY9160314A-3 472 11650 2.8 1.69827 3.72 0.15839 2.89 0.78 948 25 1008 24 1141 23 83 
AY9160314A-23 158 11207 1.8 2.00470 5.16 0.18684 3.33 0.64 1104 34 1117 34 1142 39 97 
AY9160314A-84 258 16571 7.1 1.88669 4.82 0.17509 3.09 0.64 1040 30 1076 32 1151 37 90 
AY9160314A-18 70 3025 1.1 1.94167 7.92 0.17894 4.37 0.55 1061 43 1096 52 1165 65 91 
AY9160314A-85 1043 18663 0.4 1.94842 7.45 0.17911 7.29 0.98 1062 71 1098 49 1170 15 91 
AY9160314A-37 207 23422 5.5 2.10058 5.44 0.18718 4.45 0.82 1106 45 1149 37 1231 31 90 
AY9160314A-81 347 13425 6.5 1.72869 3.85 0.15314 1.94 0.50 919 17 1019 25 1242 33 74 
AY9160314A-38 116 9668 3.8 2.24416 4.94 0.19872 3.64 0.74 1168 39 1195 34 1243 33 94 
AY9160314A-28 150 8077 2.3 2.49089 3.43 0.21998 2.30 0.67 1282 27 1269 25 1248 25 103 
AY9160314A-30 589 9605 1.4 1.20827 14.16 0.10663 14.01 0.99 653 86 804 76 1250 20 52 
AY9160314A-76 119 11357 1.1 2.23210 6.68 0.19682 5.44 0.81 1158 57 1191 46 1252 38 93 
AY9160314A-49 247 16544 4.3 2.29797 5.16 0.20240 3.80 0.74 1188 41 1212 36 1254 34 95 
AY9160314A-50 62 2996 3.3 1.18681 7.31 0.10321 3.73 0.51 633 22 795 40 1278 61 50 
AY9160314A-64 155 11679 5.8 2.54878 4.02 0.22167 3.40 0.85 1291 40 1286 29 1278 21 101 
AY9160314A-90 466 25450 1.8 2.23985 2.60 0.19488 2.36 0.91 1148 25 1194 18 1278 11 90 
AY9160314A-63 300 7863 5.0 2.36808 6.65 0.20590 2.61 0.39 1207 29 1233 46 1279 60 94 
AY9160314A-92 110 10200 1.0 2.73863 4.77 0.23795 4.16 0.87 1376 51 1339 35 1280 23 108 
AY9160314A-89 298 15701 4.3 2.59223 7.18 0.22335 6.85 0.95 1300 80 1298 51 1297 21 100 
AY9160314A-91 206 18293 1.6 2.74228 4.61 0.23429 4.01 0.87 1357 49 1340 34 1313 22 103 
AY9160314A-70 397 19213 3.1 2.43948 3.13 0.20817 2.56 0.82 1219 28 1254 22 1315 17 93 
AY9160314A-46 320 13123 2.5 2.29046 4.81 0.19504 2.00 0.42 1149 21 1209 33 1319 42 87 
AY9160314A-15 340 25452 3.5 2.77361 2.00 0.22886 1.63 0.81 1329 20 1349 15 1380 11 96 
AY9160314A-68 96 2324 3.6 0.97286 13.83 0.07975 7.17 0.52 495 34 690 67 1393 113 36 
AY9160314A-47 211 22573 3.3 2.83727 3.29 0.23229 2.34 0.71 1347 28 1365 24 1395 22 97 
AY9160314A-31 272 11303 3.1 2.80730 3.21 0.22818 2.77 0.86 1325 33 1358 24 1409 15 94 
AY9160314A-80 843 8163 2.7 2.39138 4.35 0.19431 3.91 0.90 1145 41 1240 31 1410 18 81 
AY9160314A-5 225 9044 10.3 2.48095 3.47 0.20128 1.84 0.53 1182 20 1267 25 1413 28 84 
AY9160314A-26 115 6627 2.0 3.11156 3.81 0.25243 1.95 0.51 1451 25 1436 29 1413 31 103 
AY9160314A-8 463 12102 2.6 2.71852 3.25 0.21996 2.71 0.83 1282 31 1334 24 1418 17 90 
AY9160314A-2 81 9569 1.0 2.85210 6.70 0.23055 5.44 0.81 1337 65 1369 49 1420 37 94 
AY9160314A-9 293 16768 1.9 2.64645 2.66 0.21373 2.22 0.84 1249 25 1314 19 1421 14 88 
AY9160314A-75 332 20505 3.7 2.18470 6.98 0.17638 2.50 0.36 1047 24 1176 48 1422 62 74 
AY9160314A-54 197 17013 5.4 2.92290 2.52 0.23431 1.24 0.49 1357 15 1388 19 1436 21 94 
AY9160314A-41 118 4145 0.5 2.32343 5.04 0.18605 2.22 0.44 1100 22 1220 35 1438 43 76 
AY9160314A-4 900 2735 2.2 1.65264 6.48 0.13196 4.03 0.62 799 30 991 40 1443 48 55 
AY9160314A-12 100 8312 2.7 3.06753 3.63 0.24499 1.65 0.45 1413 21 1425 27 1443 31 98 
AY9160314A-100 173 16374 1.5 2.99537 5.62 0.23876 4.98 0.89 1380 62 1406 42 1446 25 95 
AY9160314A-86 124 7093 1.2 2.38783 5.64 0.18839 3.88 0.69 1113 40 1239 40 1466 39 76 
AY9160314A-61 243 13361 2.5 3.01039 5.56 0.23675 5.13 0.92 1370 63 1410 42 1472 20 93 
AY9160314A-27 245 15016 1.4 3.03097 2.04 0.23773 0.84 0.41 1375 10 1415 16 1477 18 93 
AY9160314A-99 262 16356 1.5 2.92603 2.97 0.22917 2.29 0.77 1330 28 1389 22 1480 18 90 
AY9160314A-1 613 7446 0.3 1.35800 7.72 0.10482 7.26 0.94 643 44 871 44 1507 25 43 
AY9160314A-20 71 10990 1.3 3.48515 5.38 0.26581 2.65 0.49 1520 36 1524 42 1530 44 99 
AY9160314A-98 174 9798 1.5 2.51966 4.87 0.19025 3.92 0.81 1123 40 1278 35 1549 27 72 
AY9160314A-74 897 10554 4.9 2.65624 8.74 0.19854 8.33 0.95 1168 88 1316 63 1568 25 74 
AY9160314A-43 170 12155 1.7 3.05531 4.13 0.22749 3.28 0.79 1321 39 1422 31 1575 24 84 
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Table 1. (Contd…) 

 Isotopic ratio Apparent age (Ma) 
        Error       Percent 
  206Pb/  207Pb*/  206Pb*/  corre- 206Pb*/  207Pb*/  206Pb*/  concen- 
Sample U (ppm) 204Pb U/Th 235U ± (%) 238U ± (%) ction 238U ± (Ma) 235U ± (Ma) 207Pb* ± (Ma) ration 
 

AY9160314A-79 236 2724 1.8 4.11156 5.90 0.30330 3.67 0.62 1708 55 1657 47 1592 43 107 
AY9160314A-16 180 7795 6.8 3.60518 3.19 0.26420 1.56 0.49 1511 21 1551 25 1605 26 94 
AY9160314A-11 337 19684 0.8 4.00348 1.44 0.29119 1.09 0.76 1648 16 1635 12 1619 9 102 
AY9160314A-6 212 6312 1.9 3.42406 4.89 0.24844 4.18 0.86 1430 53 1510 38 1623 24 88 
AY9160314A-45 87 5682 3.0 3.16772 8.78 0.22915 5.18 0.59 1330 62 1449 66 1629 66 82 
AY9160314A-62 126 6454 1.6 3.64045 6.10 0.26339 5.46 0.90 1507 73 1558 47 1629 25 93 
AY9160314A-13 62 2097 0.6 2.79168 8.66 0.20140 3.24 0.37 1183 35 1353 63 1634 75 72 
AY9160314A-59 104 6860 0.8 3.06504 7.60 0.22109 1.32 0.17 1288 15 1424 57 1634 70 79 
AY9160314A-32 275 11741 1.3 3.86102 4.23 0.27835 4.04 0.96 1583 57 1606 34 1635 12 97 
AY9160314A-72 38 2827 4.0 3.67426 9.07 0.26488 2.97 0.33 1515 40 1566 70 1635 80 93 
AY9160314A-83 354 21861 1.6 3.70266 2.71 0.26655 1.28 0.47 1523 17 1572 21 1638 22 93 
AY9160314A-52 46 3291 0.6 3.81447 9.03 0.27402 7.13 0.79 1561 98 1596 70 1642 51 95 
AY9160314A-40 267 4301 2.8 2.98617 5.28 0.21442 4.07 0.77 1252 46 1404 39 1643 31 76 
AY9160314A-60 406 44302 1.6 3.94810 3.02 0.28239 2.92 0.97 1603 41 1624 24 1650 7 97 
AY9160314A-65 197 12586 1.6 3.82966 4.20 0.27286 4.01 0.96 1555 55 1599 33 1657 11 94 
AY9160314A-66 143 9172 1.8 3.43777 3.85 0.24474 2.61 0.68 1411 33 1513 30 1659 26 85 
AY9160314A-19 66 5882 2.2 3.39514 4.29 0.24119 1.68 0.39 1393 21 1503 33 1663 37 84 
AY9160314A-56 91 10251 1.8 3.59176 5.77 0.25513 5.14 0.89 1465 67 1548 45 1663 24 88 
AY9160314A-48 107 10708 2.6 4.11384 7.63 0.29138 6.92 0.91 1648 100 1657 61 1668 30 99 
AY9160314A-78 121 16585 1.2 3.96445 4.73 0.28038 4.18 0.88 1593 59 1627 38 1671 20 95 
AY9160314A-44 284 34950 2.1 4.16565 3.70 0.29307 3.26 0.88 1657 48 1667 30 1680 16 99 
AY9160314A-17 77 14590 1.1 3.89828 3.76 0.27383 2.90 0.77 1560 40 1613 30 1683 22 93 
AY9160314A-24 115 7411 2.2 3.91102 3.20 0.27458 2.27 0.71 1564 32 1616 26 1684 21 93 
AY9160314A-14 63 7924 1.3 4.20492 6.56 0.29429 3.81 0.58 1663 56 1675 52 1690 49 98 
AY9160314A-73 199 28659 1.3 4.40542 3.10 0.30668 2.87 0.92 1724 43 1713 25 1700 11 101 
AY9160314A-71 81 11405 2.3 4.42981 4.34 0.30725 3.05 0.70 1727 46 1718 35 1707 28 101 
AY9160314A-67 79 7406 1.9 3.63597 5.38 0.25197 3.63 0.68 1449 47 1557 42 1708 36 85 
AY9160314A-88 97 10961 2.7 3.27270 7.21 0.22562 6.68 0.93 1312 79 1475 55 1718 25 76 
AY9160314A-82 270 7502 3.8 3.52090 5.26 0.24232 4.58 0.87 1399 57 1532 41 1721 24 81 
AY9160314A-39 183 16123 1.7 4.46301 3.62 0.30278 3.41 0.94 1705 51 1724 30 1747 11 98 
AY9160314A-69 104 7887 2.4 3.27671 5.78 0.22207 3.93 0.68 1293 46 1476 44 1749 39 74 
AY9160314A-55 119 16219 2.2 4.35275 5.35 0.28817 4.76 0.89 1632 68 1703 43 1792 22 91 
AY9160314A-34 139 18445 1.4 4.33949 4.04 0.28620 3.01 0.74 1623 43 1701 33 1799 25 90 
AY9160314A-22 253 6474 2.1 3.57547 3.77 0.23478 2.93 0.78 1360 36 1544 30 1807 22 75 
AY9160314A-10 247 11623 6.0 4.49310 4.56 0.28292 3.73 0.82 1606 53 1730 37 1883 24 85 
AY9160314A-36 112 12037 1.5 4.78239 4.98 0.29152 4.05 0.81 1649 59 1782 41 1941 26 85 
AY9160314A-87 141 22914 2.8 5.64467 4.77 0.32792 3.07 0.64 1828 49 1923 40 2027 32 90 
AY9160314A-58 168 8925 1.7 4.91287 4.97 0.27417 2.95 0.59 1562 41 1805 41 2097 35 74 
AY9160314A-57 561 45522 2.3 7.61412 3.81 0.36651 2.41 0.63 2013 42 2187 34 2354 25 86 
AY9160314A-35 276 44732 1.8 9.11317 2.55 0.42581 2.50 0.98 2287 48 2349 23 2404 4 95 
AY9160314A-21 75 10917 0.8 9.68633 1.52 0.45188 0.87 0.57 2404 18 2405 14 2407 11 100 
AY9160314A-51 81 5838 1.2 9.89737 4.32 0.42562 3.36 0.78 2286 64 2425 39 2544 23 90 
AY9160314A-53 161 27736 19.8 14.46609 2.06 0.51055 1.71 0.83 2659 37 2781 19 2870 9 93 
AY9170315             #DIV/0!  
AY9170315-4 811 2498 0.5 1.10520 8.52 0.11390 3.96 0.47 695 26 756 44 939 77 74 
AY9170315-76 151 3200 2.3 1.41928 10.64 0.14476 6.55 0.62 872 53 897 62 961 86 91 
AY9170315-1 199 6361 1.7 1.60096 4.66 0.16303 1.32 0.28 974 12 971 29 964 46 101 
AY9170315-15 49 1380 1.3 1.45026 14.49 0.14654 1.96 0.14 882 16 910 84 980 146 90 
AY9170315-59 346 22830 1.9 1.60846 4.16 0.16198 3.51 0.84 968 32 974 26 986 23 98 
AY9170315-13 1055 1667 2.9 0.77928 10.90 0.07818 2.86 0.26 485 13 585 47 994 107 49 
AY9170315-6 646 2309 1.7 1.17344 10.37 0.11745 6.22 0.60 716 42 788 55 999 84 72 
AY9170315-53 205 17120 5.0 1.69084 4.28 0.16806 2.51 0.59 1001 23 1005 27 1013 35 99 
AY9170315-84 120 4192 2.0 1.72207 7.79 0.17037 5.10 0.65 1014 48 1017 49 1023 60 99 
AY9170315-94 296 14193 6.3 1.70231 2.69 0.16831 1.47 0.55 1003 14 1009 17 1024 23 98 
AY9170315-23 169 8427 3.4 1.62236 4.20 0.16029 2.27 0.54 958 20 979 26 1025 36 94 
AY9170315-10 143 6546 3.1 1.65739 5.95 0.16343 1.85 0.31 976 17 992 37 1029 57 95 
AY9170315-64 268 9071 3.2 1.75550 4.22 0.16998 3.52 0.83 1012 33 1029 27 1066 23 95 
AY9170315-20 1416 3442 2.5 1.33886 6.00 0.12907 3.04 0.51 783 22 863 34 1075 52 73 
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Table 1. (Contd…) 

 Isotopic ratio Apparent age (Ma) 
        Error       Percent 
  206Pb/  207Pb*/  206Pb*/  corre- 206Pb*/  207Pb*/  206Pb*/  concen- 
Sample U (ppm) 204Pb U/Th 235U ± (%) 238U ± (%) ction 238U ± (Ma) 235U ± (Ma) 207Pb* ± (Ma) ration 
 

AY9170315-3 743 11644 10.0 1.54557 2.64 0.14732 1.94 0.74 886 16 949 16 1097 18 81 
AY9170315-44 47 3228 1.2 1.92730 11.44 0.18325 4.31 0.38 1085 43 1091 74 1102 106 98 
AY9170315-40 294 13627 2.9 1.74461 3.06 0.16567 2.28 0.74 988 21 1025 20 1105 20 89 
AY9170315-91 2469 470 43.9 1.53100 26.31 0.14526 4.20 0.16 874 34 943 150 1107 259 79 
AY9170315-41 320 25128 2.5 2.02739 2.69 0.19156 2.22 0.83 1130 23 1125 18 1115 15 101 
AY9170315-37 478 2932 0.9 1.65603 8.58 0.15636 3.53 0.41 937 31 992 53 1116 78 84 
AY9170315-77 270 1994 0.9 1.47678 10.28 0.13903 6.17 0.60 839 48 921 60 1122 82 75 
AY9170315-74 260 2114 0.3 1.36284 11.13 0.12785 6.48 0.58 776 47 873 63 1129 90 69 
AY9170315-93 425 16432 3.1 2.10237 2.69 0.19709 1.85 0.69 1160 20 1150 18 1131 19 103 
AY9170315-65 698 6455 1.3 1.80536 8.06 0.16750 7.59 0.94 998 70 1047 51 1151 27 87 
AY9170315-5 71 2194 1.0 1.69529 13.07 0.15517 6.81 0.52 930 59 1007 80 1178 110 79 
AY9170315-7 219 12068 2.0 2.01720 4.21 0.18423 3.78 0.90 1090 38 1121 28 1182 18 92 
AY9170315-50 234 11623 1.7 2.22353 4.08 0.20104 3.45 0.85 1181 37 1189 28 1202 21 98 
AY9170315-12 879 5058 0.6 1.55629 7.35 0.14062 6.24 0.85 848 49 953 45 1204 38 70 
AY9170315-83 83 4089 1.3 2.21685 5.18 0.20024 1.59 0.31 1177 17 1186 36 1204 49 98 
AY9170315-92 251 7120 3.9 2.12402 3.78 0.19048 2.10 0.56 1124 22 1157 26 1218 31 92 
AY9170315-88 481 17697 0.8 2.33424 8.80 0.20830 8.55 0.97 1220 94 1223 61 1228 21 99 
AY9170315-19 1148 10754 5.0 2.15514 3.76 0.19106 3.38 0.90 1127 35 1167 26 1241 16 91 
AY9170315-62 157 13825 2.2 2.31696 9.22 0.20431 8.29 0.90 1198 90 1218 63 1251 39 96 
AY9170315-45 200 12085 2.7 2.45845 5.84 0.21655 5.38 0.92 1264 61 1260 41 1254 22 101 
AY9170315-96 106 7644 3.3 2.47905 3.94 0.21781 2.52 0.64 1270 29 1266 28 1259 30 101 
AY9170315-36 118 3770 4.6 2.52264 12.16 0.22119 5.74 0.47 1288 67 1279 85 1263 105 102 
AY9170315-47 54 5127 1.2 2.51692 7.63 0.21926 4.54 0.59 1278 52 1277 54 1275 60 100 
AY9170315-69 287 3359 0.8 1.91140 8.67 0.16623 7.04 0.81 991 64 1085 56 1278 49 78 
AY9170315-75 92 4160 1.8 2.36703 6.28 0.20500 3.84 0.61 1202 42 1233 44 1287 48 93 
AY9170315-8 103 6256 3.7 2.29180 5.44 0.19774 3.05 0.56 1163 32 1210 38 1294 44 90 
AY9170315-97 504 4732 0.9 2.06562 4.00 0.17728 2.02 0.51 1052 20 1138 27 1304 33 81 
AY9170315-100 206 10327 1.5 2.58752 5.35 0.21965 4.84 0.90 1280 56 1297 39 1326 22 97 
AY9170315-39 374 22363 1.7 2.77947 2.98 0.23538 2.68 0.90 1363 33 1350 22 1330 13 102 
AY9170315-43 98 8634 1.6 2.77028 5.78 0.23240 2.04 0.35 1347 25 1348 42 1348 52 100 
AY9170315-60 173 10799 2.1 2.48054 6.38 0.20665 4.93 0.77 1211 54 1266 45 1362 39 89 
AY9170315-34 479 2081 1.6 1.51721 7.36 0.12585 2.47 0.33 764 18 937 44 1370 67 56 
AY9170315-26 208 3570 1.4 2.39715 7.41 0.19862 4.16 0.56 1168 44 1242 52 1372 59 85 
AY9170315-31 107 6885 2.3 2.81256 4.97 0.23300 3.76 0.76 1350 46 1359 37 1373 31 98 
AY9170315-49 423 9886 3.2 2.64785 4.94 0.21933 4.63 0.94 1278 54 1314 36 1373 17 93 
AY9170315-98 602 35760 5.3 2.94616 2.25 0.24337 2.00 0.89 1404 25 1394 17 1378 10 102 
AY9170315-16 101 5781 16.0 2.86788 4.20 0.23671 1.90 0.45 1370 23 1374 31 1380 36 99 
AY9170315-51 44 3217 1.8 2.58348 15.99 0.21293 13.12 0.82 1244 147 1296 111 1382 88 90 
AY9170315-46 126 5771 1.9 2.87867 6.98 0.23612 6.18 0.89 1367 76 1376 51 1392 31 98 
AY9170315-32 114 5556 1.5 2.72375 4.60 0.22307 2.79 0.61 1298 33 1335 34 1395 35 93 
AY9170315-14 29 1037 2.1 1.94255 16.06 0.15706 4.29 0.27 940 37 1096 102 1419 148 66 
AY9170315-48 172 4682 1.4 2.76699 7.08 0.22237 5.83 0.82 1294 68 1347 52 1431 38 90 
AY9170315-80 256 10423 2.0 3.22119 4.44 0.25247 3.96 0.89 1451 51 1462 34 1478 19 98 
AY9170315-52 827 10044 4.5 2.54291 3.48 0.19910 3.14 0.90 1171 34 1284 25 1480 14 79 
AY9170315-67 93 7322 1.8 3.20032 6.45 0.23693 5.44 0.84 1371 67 1457 49 1586 32 86 
AY9170315-87 716 31081 0.9 3.77886 2.18 0.27873 2.09 0.96 1585 29 1588 17 1593 6 99 
AY9170315-71 335 7062 1.5 3.44604 6.57 0.25313 6.19 0.94 1455 80 1515 51 1600 21 91 
AY9170315-30 160 9385 1.2 3.74412 4.86 0.27447 4.32 0.89 1564 60 1581 38 1604 21 97 
AY9170315-18 592 16850 6.0 3.63091 2.72 0.26575 2.51 0.92 1519 34 1556 22 1607 10 95 
AY9170315-27 362 19172 0.9 3.59975 2.04 0.26307 1.75 0.86 1506 24 1550 16 1610 10 94 
AY9170315-38 195 12469 2.2 2.95673 6.50 0.21580 5.72 0.88 1260 65 1397 48 1612 29 78 
AY9170315-63 539 12180 2.1 3.61102 3.34 0.26281 2.97 0.89 1504 40 1552 26 1618 14 93 
AY9170315-82 172 12157 1.4 3.75141 2.73 0.27058 1.72 0.63 1544 24 1582 22 1634 20 94 
AY9170315-54 123 5818 0.9 3.80905 5.70 0.27452 4.75 0.83 1564 66 1595 45 1636 29 96 
AY9170315-66 74 8764 1.7 3.96676 7.33 0.28503 6.53 0.89 1617 93 1627 58 1641 31 99 
AY9170315-89 161 7201 1.8 2.51226 8.00 0.17999 7.56 0.95 1067 74 1276 57 1647 24 65 
AY9170315-11 108 7274 1.3 3.86294 2.31 0.27651 1.02 0.44 1574 14 1606 18 1648 19 95 
AY9170315-33 156 9649 3.2 3.71812 5.85 0.26482 5.31 0.91 1515 71 1575 46 1658 23 91 
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Table 1. (Contd…) 

 Isotopic ratio Apparent age (Ma) 
        Error       Percent 
  206Pb/  207Pb*/  206Pb*/  corre- 206Pb*/  207Pb*/  206Pb*/  concen- 
Sample U (ppm) 204Pb U/Th 235U ± (%) 238U ± (%) ction 238U ± (Ma) 235U ± (Ma) 207Pb* ± (Ma) ration 
 

AY9170315-86 442 14383 0.8 3.96533 1.84 0.28147 1.41 0.77 1599 20 1627 15 1664 11 96 
AY9170315-42 146 10203 2.2 3.73860 6.64 0.26424 6.09 0.92 1512 82 1580 52 1672 24 90 
AY9170315-72 64 7198 1.1 3.85398 7.02 0.27113 6.00 0.85 1547 82 1604 55 1681 34 92 
AY9170315-9 61 2969 2.0 3.77136 5.10 0.26473 1.52 0.30 1514 21 1587 40 1685 45 90 
AY9170315-90 93 5324 1.7 3.48196 5.11 0.24256 4.07 0.80 1400 51 1523 40 1699 28 82 
AY9170315-29 122 5092 1.3 4.10027 7.59 0.28527 6.28 0.83 1618 89 1654 60 1701 39 95 
AY9170315-85 280 21336 0.5 4.28567 5.11 0.29825 4.98 0.98 1683 73 1691 41 1701 10 99 
AY9170315-17 39 811 1.6 3.36320 15.48 0.23384 5.72 0.37 1355 70 1496 114 1702 132 80 
AY9170315-57 96 16245 2.1 4.31576 2.49 0.29803 1.74 0.70 1682 26 1696 20 1715 16 98 
AY9170315-81 124 11288 1.7 4.30078 3.69 0.29565 2.68 0.73 1670 39 1694 30 1723 23 97 
AY9170315-25 104 7744 1.7 4.36159 3.92 0.29897 2.75 0.70 1686 41 1705 32 1728 26 98 
AY9170315-68 49 4246 2.1 4.37748 5.17 0.29914 2.43 0.47 1687 36 1708 42 1734 42 97 
AY9170315-70 254 8054 1.2 3.47238 3.53 0.23604 2.86 0.81 1366 35 1521 27 1744 19 78 
AY9170315-24 89 4659 1.9 4.56429 4.96 0.30298 3.74 0.75 1706 56 1743 41 1787 30 95 
AY9170315-28 43 2010 1.6 2.81715 13.05 0.18309 5.01 0.38 1084 50 1360 93 1826 109 59 
AY9170315-61 102 13486 2.2 4.76500 8.91 0.30466 8.33 0.94 1714 124 1779 72 1855 28 92 
AY9170315-2 271 18445 8.7 4.80024 2.79 0.30286 2.30 0.83 1706 34 1785 23 1879 14 91 
AY9170315-95 1131 25365 11.0 4.59710 3.12 0.28848 3.03 0.97 1634 44 1749 26 1889 7 86 
AY9170315-22 63 8373 1.2 5.36226 4.07 0.32944 2.43 0.60 1836 39 1879 34 1927 29 95 
AY9170315-21 57 6752 0.7 5.52704 7.73 0.33505 6.22 0.81 1863 100 1905 64 1951 41 95 
AY9170315-58 55 6324 1.4 5.53059 3.58 0.32696 2.82 0.79 1824 45 1905 30 1996 20 91 
AY9170315-35 265 16749 3.0 6.96732 3.58 0.33647 3.29 0.92 1870 53 2107 31 2348 12 80 
AY9170315-55 191 22268 1.6 8.80751 8.62 0.41443 8.59 1.00 2235 160 2318 76 2392 6 93 
AY9170315-99 119 8804 2.7 9.40897 4.52 0.43222 3.06 0.68 2316 59 2379 41 2433 28 95 
AY9170315-56 149 22710 0.6 10.39014 2.67 0.46740 2.62 0.98 2472 54 2470 25 2469 4 100 

206Pb/204Pb is measured ratio. 
All uncertainties are at the 1σ level and include only random (measurement) errors. 
U concentration and U/Th have uncertainties of ~25%. 
Decay constants: 235U = 9.8485 × 10–10. 238U = 1.55125 × 10–10, 238U/235U = 137.88. 
Isotope ratios are corrected for Pb/U fractionation by comparison with standard zircon with an age of 564 ± 4 Ma (2σ).  
Initial Pb composition interpreted from Stacey and Kramers (1975), with uncertainties of 1.0 for 206Pb/204Pb and 0.3 for 207Pb/204Pb. 

 
 

 
Table2. Ion microprobe data analysis in situ monazite dates from  
  AY091403-(8a) sample 

Age (Ma) 204Pb corrected 208Pb/232Th 1s.e. sample no. 
 

10.32 2.83 8a-1@1.ais 
10.03  0.813 8a-3@2.ais 
10.13 2.35 8a-4.ais 
9.825 2.7 8a-5@4.ais 
13.38 7 g2-m11.ais 
 
Weighted mean age MSWD 
  (Age – weighted  
1/σ2  Age*1/σ2 mean age)2/σ2 
 

0.124861092 1.28856647 0.007321711 
1.512930258 15.17469049 0.003463373 
0.181077411 1.834314169 0.000492549 
0.137174211 1.347736626 0.008769656 
0.020408163 0.273061224 0.222535204 
sum sum sum 
1.976451136 19.91836898 0.242582494 
 
Weighted mean age (Ma) 1 s.e.  MSWD 
10.0778454 0.002520533 0.060645623 

if we know the relative magnitude of EHWC in the two 
regions. As erosion is directly related to precipitation, which 
currently decreases westward along the Himalaya56, we 
may infer the magnitude of erosion in the eastern Hima-
laya to be greater than that in the central and western Hi-
malaya, if the current precipitation pattern persisted in the 
Neogene. This assumption leads to the following inequa-
lity:  
 
EHMC (eastern Himalaya) > EHMC (central Himalaya). (2) 

Because  

 TS (eastern Himalaya) = MS (eastern Himalaya) 
   + EHMC (eastern Himalaya), (3) 
 
 TS (central Himalaya) = MS (central Himalaya) 
  + EHMC (central Himalaya), (4) 

and  

 MS (eastern Himalaya) > MS (central Himalaya), (5) 
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we have  

 TS (eastern Himalaya) > TS (central Himalaya). (6) 

That is, the total amount of shortening in the eastern Himalaya 
is greater than that in the central Himalaya. Another im-
plicit assumption in the above inference is that the short-
ening in the central and eastern Tethyan Himalaya is 
constant along strike, which is supported by early studies49,50.  
 Despite the high uncertainties in our estimates of the 
total amount of crustal shortening across the Arunachal 
Himalaya, there is little doubt that the Himalayan orogen 
did not develop in a symmetric manner, in which crustal 
shortening decreases laterally from the central to the east 
and west. The easternmost part of the Himalayan orogen 
must have significantly more crustal shortening than the 
western Himalaya. Our interpreted westward decrease in 
crustal shortening supports the early inference by Guillot 
et al.57, who relate the variation of shortening to the westward 
decrease in convergence rate between India and Asia13,14. 
Future research may expand our study by examining how 
strain is distributed in the whole Himalayan–Tibetan oro-
gen in response to the relative Cenozoic rotation between 
India and Asia. Recognition of an MCT tectonic window 
inside the eastern Himalaya suggests that (1) the MCT is 
broadly folded, a case widely recognized elsewhere in the 
Himalaya and has been particularly noted in western 
Bhutan16 but has been uncertain in the Arunachal Hima-
laya (c.f. refs 26 and 30), and (2) the GHC is quite thin 
(i.e. <7–10 km) when projecting the STD4 from eastern-
most Bhutan onto our cross-section in western Arunachal. 
 Detrital zircon analysis indicates that the Lesser Hima-
layan metasedimentary sequence (the Rupa Group) must 
be younger than 950 Ma. The age relationship between 
the Rupa Group and the Bomdila orthogneiss is currently 
unclear. However, radiometric dating of the augen gneiss 
in the near future will resolve this problem. That is, we 
will know whether the Bomdila gneiss was the basement 
of the Rupa Group or it has intruded into the metasedimen-
tary sequence.  

Conclusion 

Geologic mapping across the westernmost Arunachal 
Himalaya reveals the presence of an MCT window and a 
prominent north-trending, active rift that cuts and offsets 
the MCT.  
 Detrital zircon analysis indicates that the Lesser Hima-
layan metasedimentary sequence (the Rupa Group) must 
be younger than 950 Ma. 
 The MCT in the Arunachal Himalaya was active at 
about 10 Ma, but its initiation and termination ages remain 
unknown.  
 The GHC in the Arunachal Himalaya has been thickened 
by ductile thrusting as represented by the Zimithang duc-
tile thrust zone mapped by this study.  

 The total amount of shortening across the Arunachal 
Himalaya is at least 500 km. This magnitude of shorten-
ing is definitely greater than that estimated in the northern 
Pakistan Himalaya around 200 km and probably also ex-
ceeds the amount of shortening across the central Hima-
laya in Nepal. The apparent westward decrease in the 
magnitude of crustal shortening along the Himalayan oro-
gen may result from relative rotation of India with Asia 
during the Indo-Asian collision and suggests that the de-
velopment of the Himalayan orogen on a timescale of 
tens of million years is asymmetric.  
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