Some early observations of High Himalayan geology

WAGER AND THE SOUTH TIBETAN
DETACHMENT SYSTEM



Presenter
Presentation Notes
Title photograph taken by Wager from the First Step below Everest summit on 30 May 1933, looking down to the north along the Qomolongma Detachment, which crops out just below the First Step. The lighter-coloured interval on Changtse (centre) is the Yellow Band marble.
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Presenter
Presentation Notes
Tectonic and locality map for the Himalaya, with schematic cross-section. General area of interest shown.
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Presenter
Presentation Notes
The 1933 expedition entered Tibet from Darjeeling and Gantok over the Natu La, then marched westwards across southern Tibet before approaching Everest via the Pang La and Rongbuk valley. On the return journey Wager took a route that diverged from the main  party, taking in the Lashar and Lhonak valleys, and making a circuit of the mountains of northern Sikkim. Key areas of STD observations are ringed.
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Presenter
Presentation Notes
An extract from Mike Searle’s geological map of the Everest massif (2007 edition) shows the main geological features and localities for Wager’s crucial specimens. Note especially ME-126 from the base of the Yellow Band beneath the Qomolongma Detachment and ME-148 from the base of the STD zone just above the presumed location of the Lhotse detachment. Also a photo of Wager dating from 1931.
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Presenter
Presentation Notes
Extract from the 1921 geological map by Heron, covering the expedition’s approach to Everest from the north. Tethyan sedimentary sequence in orange, blue, green & yellow; underlying crystalline rocks in pink. Note in the SW that the contact between sediments and crystalline rock at the mouth of the Rongbuk valley is drawn as if it has a steep orientation.


Wager’s observations on Everest

= Upper Everest Limestone
"... seems no more metamorphosed
than the Carboniferous Lst of Yorkshire”

= Everest pelites
“an injected and metamorphosed shale
“The injecting material was usually a
schorl muscovite pegmatite of
moderate coarseness. Sometimes a
good deal foliated sometimes more
aplitic ... containing sporadic garnets”
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Presenter
Presentation Notes
Extracts from Wager’s geological diary that highlight the difference in metamorphic character of the rock units above and below the detachment. Photo shows Wager’s climbing companion on 30 May 1933, Percy Wyn Harris, at the outcropping “Upper Everest Limestone” of the First Step. Wyn Harris is currently holding his own ice-axe but will shortly exchange it for the one that belonged to A.C. Irvine, which they discovered earlier in the day. The title photograph was also taken from this spot.


Wager’s observations on Everest
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Presenter
Presentation Notes
Wager’s cross-section along the Rongbuk traverse north of Everest, compiled from his own observations and those of the 1920’s expeditions. This establishes the remarkably shallow and uniform dip of the units here.


Granite sheets



Presenter
Presentation Notes
The NE side of the East Rongbuk valley shows the abrupt upper boundary of the zone of granite sheets against the uniform dark rocks of the Everest Series pelites. Note how the uppermost sheet has inflated into what Wager described as a laccolith. This is a mosaic of four photographs taken from near Camp II.




Presenter
Presentation Notes
Modern photograph (M.P. Searle) from a similar location shows the granite sheets more clearly. The upper limit of granite emplacement marks the presumed location of the Lhotse detachment. Note also the lower level of the glacier!




Presenter
Presentation Notes
Photographs by Wager and by Searle of the ridge opposite Camp III (Advanced base Camp), with Lhakpa Ri in the background. The ridge was explored by Wager on 30 June 1933 with E.O. Shebbeare. Wager collected a suite of samples down this ridge, straddling the Lhotse detachment, marked here by the pale calcareous band and the upper limit of granite and pegmatite sheets. ME-148 comes from the dark rocks above this horizon.
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Presenter
Presentation Notes
Thanks to a happy coincidence of rock composition, peak temperature and relatively low strain, the metamorphic history of this sample (and its neighbour ME-149) can be traced around a complete pressure temperature loop from thickening and compression with garnet and staurolite growth to extensional deformation in the presence of sillimanite, and finally to post-kinematic andalusite.
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2. Top-to-N shear with extension
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... all at relatively high T



Presenter
Presentation Notes
The sample from the base of the Yellow Band, towards the top of the STD zone, reveals relatively little about its prograde history but is full of information about the evolution of shear deformation and the nature of the strain during formation of the South Tibetan Detachment shear zone.
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Presentation Notes
Comparing the P-T path for ME-148 with the locus of possible conditions for ME-126 and with possible thermal gradients before and after operations of the STD shear zone, we see that vertical shortening across the zone may amount to something on the order of 50%, consistent with detailed microstructural observations and thermal profiles recorded in this region (see Law et al., 2011, J Structural Geol.).


Rongbuk valley



Presenter
Presentation Notes
This encouraged me to trace out Wager’s other observations on the South Tibetan Detachment system, made on the return journey. These outcrops show the detachment zone at the mouth of the Rongbuk valley. The outcrop of striped injected gneiss in the footwall has probably been photographed since by many geologists. The modern photograph views this section from the West.


Wager in the Dzakar Chu



Presenter
Presentation Notes
Here Wager appears to have photographed and sketched a medium-scale duplex structure in the Tethyan sediments in the hanging wall of the detachment (4 July 1933).




Presenter
Presentation Notes
Wager’s route took him back over the STDS on the Doya La, and they encountered it again near Dinggye, where the situation is complicated by faulting along the eastern side of the Ama Drime massif. At this point Wager and Eric Shipton left the main party to explore a route into northern Sikkim via the Lashar and Lhonak valleys. The pink dashed line shows their route.
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Presenter
Presentation Notes
This Google Earth view NW along the Lashar valley shows the remarkable exposure of the South Tibetan Detachment System here, dipping gently to the north with rather uniform smooth slopes of Tethyan calcareous and clastic sediments above, variegated metamorphic and igneous units beneath.


Lashar Valley

= Wager’s sequence:
Dark rock (shales)

Massive shattered Ist
(2000")

Yellow platy marble
(Changmu monastery)
Pelite with granite
Injections >=1500’
Granite intrusion 2 miles
long in pelite

Biotite augen gneiss +
occasional tourmaline
pegmatites



Presenter
Presentation Notes
The sketch map from Wager’s diary shows the shallow north-dipping contact between Tethyan limestones and the “injected pelite” in the footwall of the STD. The dip of this contact is shown as 5 degrees, similar to that in the Rongbuk valley and the same as that shown for the overlying sediments here.


| Lashar
Valley



Presenter
Presentation Notes
Wager’s photograph and the matching view from Google Earth show the crucial features of the STD zone: smoother, paler limestone above, a sharp contact marked by a pale band with craggy dark metamorphic rocks below. This is very similar to the sequence in the Rongbuk valley. The paler rock at the base of the cliff is the augen gneiss.
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Presenter
Presentation Notes
The Google Earth image shows in astonishing detail this section through the STD zone just west of the previous views. Brownish-grey limestone gives way to dark pelite across the detachment zone marked by two narrow but laterally persistent pale horizons. The lower part of the section is a banded or sheeted augen gneiss, which Wager records as containing feldspar megacrysts up to 2” (5 cm) across.


|  Northern Lachen, Sikkim
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Presenter
Presentation Notes
After crossing the Lhonak La and another col in north-western Sikkim, they reach the Thangu rest-house, from where Shipton turns south to rejoin the main party. From here Wager sets out with ponies and three porters to explore the upper Lachen valley and return over the Donkia La and down the Lachung valley.
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Presenter
Presentation Notes
Wager investigated the mountain spur extending north from the main range linking the peaks of Kangchengyao and Pauhunri, and recorded the Tethyan sedimentary sequence that forms it. His sketch map, dated 25 July 1933, shows these sediments dipping N and separated from the gneisses forming the range of high peaks by a fault, which he was able to examine at close quarters in the valley with the lakes.
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Presenter
Presentation Notes
The fault line separating craggy biotite gneiss from smooth sediments viewed by Wager from the east. The footwall gneiss contained crush zones and mylonites. On the ridge crest he found a sliver of about 200’ (60 m) of Everest Limestone, and then logged the succession to the right (north) along the ridge. [The patterns in the sky are not cloud formations but the result of damage to the negative]
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Presenter
Presentation Notes
Looking back north from the ascent to the Donkia La, this view shows the blocky terrain of the granitic biotite gneiss in the fore- and middle ground, overlain by the north-dipping sedimentary succession from about the middle of the larger lake (Tso Lhomo).
This is the only part of the STD zone that Wager interprets as faulted, because of the obvious brittle structures, the steeper dip, and the omission of units such as most of the Everest limestones.


Northern Lachen

» Shale & quartzite succession
(Lachi Series)

» Limestone equivalent to
Everest Lst, thin (200’)

= Fault zone + mylonite
dipping 45 ° north

= Biotite gneiss (granitic),
v little metasediment,
porphyritic Bt gneiss over Donkia La

= BelowtoS, W-plunging structure
with metasediments in core

= Further south, migmatite & Bt
granite



Presenter
Presentation Notes
Summary of the stratigraphic and structural succession in the northern Lachen and Lachung valleys, with the note from his geological diary summarising the thicknesses of units in the Lachi Series. Wager attributed the faulting and the differences between this and the Lashar/Lhonak & Rongbuk successions to the complications associated with what is now known as the Yadong cross-structure, between here and Chomulhari.
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Presenter
Presentation Notes
The geological map published in Wager’s appendix to Ruttledge (1934) ‘Everest 1933’ summarises the geological observations of Wager and his predecessors. The South Tibetan Detachment system essentially follows the southern edge of the dark blue Everest Limestone Series in the upper half of the map.
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