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Fig. Captions

Fig. 1.  Generalized geologic map of eastern Nepal after Akiba et al. (1973), Carosi et al. (1993b),

Lombardo et al. (1993), and our field interpretations.  The upper left inset shows the location of

the Dudh Kosi-Everest area in context of country borders and the approximate lateral extent of

the Main Central Thrust (MCT).  See Le Fort (1996), Harrison et al. (1999a), or Hodges (2000)

for detailed geologic maps of the Himalaya and southern Tibet.  The Dudh Kosi drainage is

outlined in Fig. 3.

Fig. 2.  Generalized geologic map of the Garhwal Himalaya, India after Metcalfe (1993) and Searle et al.

(1999).  Sample GM74 was collected within the upper Lesser Himalaya.  Monazite ages for the

Gangotri and Shivling leucogranites after Harrison et al. (1997b) and for sample GM74 is from

this study.  The upper right inset shows the location of the Garhwal area in context of country

borders and the approximate lateral extent of the Main Central Thrust (MCT).  See Le Fort

(1996), Harrison et al. (1999a), or Hodges (2000) for detailed geologic maps of the Himalaya and

southern Tibet.  For further geologic information about the Garhwal Himalaya see Pêcher and

Scaillet (1989), Metcalfe (1993), and Searle et al. (1999).

Fig. 3.  Geologic traverse and sample location map along the Dudh Kosi, eastern Nepal.  See Fig. 1 for

the location of this area in context of the region.  Contour interval is 200 m, based on the Dudh

Kosi, Shorong Hinku, and Khumbu Himal 1:50000 topographic maps of Schneider et al. (1981a;

1981b; 1981c).  All rocks sampled for this study are referred to as "ET."  Hubbard (1989)

collected samples 86H26e, 85H20d, 85H20g, and 87H6c, whereas Simpson et al. (2000)

collected samples E137, E139, and E13.  The Greater Himalayan Crystallines include the Black

Gneiss and Rongbuk Formation, Namche Migmatite Orthogneiss, and Barun Gneiss, cs, calc-

silicate rock; gg, garnet-bearing gneiss.  The upper Lesser Himalaya Formation include gs,

graphitic schist; gms, garnet-mica schist; a, amphibolite; m, marble; ps, psammite; qmq, quartzite

and micaceous quartzite; ag, augen gneiss; bs, biotite schist.  Weighted mean Th-Pb monazite

ages (±1σ) from samples collected along this transect are indicated in boxes.  The age reported
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for ET26 is the average of the Miocene monazite grains only and the age reported for ET19 is the

average of the Cambrian monazite grains only.  Details of the ion microprobe results are available

at http://oro.ess.ucla.edu/argonlab/data_repositiory.html, Tables 2 and 3.  Town names are in

boxes designated by stars, whereas mountain peak names are in boxes designated by crosses.  The

"A" in the circle means that allanite is found in the sample and monazite was not found.  All

contacts are approximate when dashed and are based on Hubbard (1988), Lombardo et al. (1993),

Simpson et al., (2000), and our field observations.  See Fig. 4 for the geologic cross section along

A-A', B-B', and B'-C.

Fig. 4.  Geologic cross section along the Dudh Kosi in eastern Nepal. For lines of section, see Fig. 3.  A

star indicates a town.  Faults are designated by thicker lines, whereas mineral isograd lines are

dashed.  All contacts are approximate when dashed.  The upper Lesser Himalaya Formation

includes ag, augen gneiss; gms, garnet-mica schist; qmq, quartzite and micaceous quartzite; gs,

graphitic schist.

Fig. 5.  Two samples ET39 (upper) and ET38 (lower) from the Phaplu augen gneiss unit collected south

of the town of Jubing (see Fig. 3).  ET39 is a typical example the Phaplu augen gneiss and ET38

was collected near the ET39 outcrop; qz, quartz, pl, plagioclase, bt, biotite, hb, hornblende.  In

ET38, garnet appears as small inclusions in hornblende.  Th-Pb ion microprobe analyses of

monazite grains from ET38 yield 1.6-0.9 Ga ages. The scale bar is ~15 mm.

Fig. 6.  Zoning profiles of mole fraction spessartine (Sps), grossular (Grs), almandine (Alm), pyrope

(Pyp), and Fe/(Fe+Mg) across ET45, ET52, ET33, and ET19 garnets.  All traverses were made

from rim to rim along the garnet, and ET19 and ET33 include a traverse (right) that extends from

mid-core (~0.3-0.4 mm) to rim (0.0 mm).  Distance scale in each is identical.  See Fig. 7 for the

position of the compositional traverse along ET33 and ET52.  Tick marks on the spessartine

profiles show the position of each analysis; the length of each tick has no statistical significance.

The bold vertical lines are positions of compositions used for P-T calculations; see Table 1 for

numerical values.
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Fig. 7.  Backscattered electron images of upper Lesser Himalaya garnets ET33 (upper) and ET52 (lower);

pl, plagioclase; bt, biotite; il, ilmenite; qz, quartz; zr, zircon; mn, monazite inclusion in garnet

with Th-Pb ion microprobe age (1σ) indicated.  Arrows indicate locations of the compositional

traverses in Fig. 6.  See Fig. 8 for P-T paths calculated for these samples.  The scale bar is 200

µm.

Fig. 8.  P-T paths calculated for sample ET33 and ET52.  See Fig. 3 for sample locations and Fig. 6,

Table 2, and the data repository for compositional information used to obtain these values.

Hollow boxes indicate P-T data calculated using garnet core compositions, whereas garnet rim

conditions are shaded.  Th-Pb ages for monazite inclusions in the core of the ET33 garnet and the

rim of the ET52 garnet are indicated with 1σ error.

Fig. 9.  Backscattered electron image of Greater Himalayan Crystallines sample ET26; mn, monazite

inclusion in garnet; grt, garnet.  Th-Pb ages are in boxes with 1σ errors.  The scale bar is 200 µm.

See Fig. 3 for sample location.

Fig. 10.  Backscattered electron image of Greater Himalayan Crystallines sample ET22; mn, monazite

inclusion in garnet; mn/aln, monazite exists in close reaction with allanite along a crack in the

garnet; grt, garnet; cl, chlorite; qz, quartz.  Th-Pb monazite ages are indicated with 1σ error.  The

age reported for the monazite grain in the lower image corresponds to the average of data from

three ion microprobe spots.  The scale bar is 200 µm.  See Fig. 3 for sample location.

Fig. 11.  (Left) Backscattered electron images and (right) secondary electron images of upper Lesser

Himalaya sample 85H20g; grt, garnet; mn, monazite; sta, staurolite; il, ilmenite.  See Fig. 3 for

sample location.  Th-Pb monazite ages are indicated with 1σ error.  Boxes on the upper image

show the approximate locations of the lower images.  The oval spots in the secondary electron

images are craters created by the ion microprobe beam. Secondary electron images are included

in this figure to emphasize the difficulty in locating the monazite grain in polished rock thin

section and to illustrate that most grains were typically about the size of the ion microprobe beam.
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Note that the beam was not placed on one monazite grain in the upper-right image because it

could not be located, whereas two grains are wholly enveloped and two spots are placed on

another grain in the lower-left image.

Fig. 12.  Backscattered electron images of Garhwal sample GM74; ms, muscovite; bt, biotite; apt, apatite.

See Fig. 2 for sample location.  High contrast backscattered electron images are included for the

monazites dated from GM74.  The mottled texture of these grains is a consequence of interaction

with the ion microprobe beam and the polish of the thin section.  Th-Pb monazite ages are

indicated with 1σ error.  The scale bar is 200 µm.

Fig. 13.  Schematic illustration of the tectonic development of the Dudh Kosi-Everest Himalayan region.

Faults are shown as bold lines, whereas thinner lines indicate approximate lithologic contacts.

The figure illustrates the evolution of samples ET7 (circle, High Himalaya leucogranite), ET12

(circle, Greater Himalayan Crystallines), 85H20g, ET33, ET52 (square, upper Lesser Himalaya),

and ET45 (triangle, lower Lesser Himalaya).  During the Miocene burial stage (upper), the Main

Central Thrust (MCT) juxtaposes the Greater Himalayan Crystallines against the upper Lesser

Himalaya formation.  Miocene monazite crystallization occurs in sample ET12 and ET7.  The age

reported for ET12 in the upper inset is the average of Miocene monazite grains in this sample,

whereas the age for ET7 is the average age of the all monazites dated in the rock.  During the

transfer phase at ~14 Ma (middle), monazite crystallization occurs within the MCT shear zone,

possibly related to the transfer of deformation from the MCT to thrust planes within the shear

zone and to the MCT-I.  Sample ET33 records higher peak P-T conditions than sample ET52 (see

Fig. 8), indicating that ET33 was transferred to deeper structural levels.  Rocks that were once in

the footwall of the MCT now comprise the hanging wall of the MCT-I.  Monazite crystallization

also occurs in sample ET12, possibly related slip along a back thrust that formed due to activity

within a steepened MCT shear zone.  The age reported for ET12 in the middle inset is the average

of ~14 Ma monazite grains in this sample, whereas ages reported for ET33, ET52, and 85H20g

are the average of all monazite grains dated in these rocks.  The lower inset outlines the present-
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day distribution of these samples and their relationship to the MCT (see also Fig. 4).  Note that

sample ET45 never realized conditions conducive for monazite growth.


