Downloaded from gsabulletin.gsapubs.org on 18 September 2009

Geological Society of America Bulletin

Stratigraphic correlation of Cambrian—-Ordovician deposits along the
Himalaya: Implications for the age and nature of rocks in the Mount Everest
region

Paul M. Myrow, Nigel C. Hughes, Michael P. Searle, C.M. Fanning, S.-C. Peng and S.K. Parcha

Geological Society of America Bulletin 2009;121;323-332
doi: 10.1130/B26384.1

Email alerting services click www.gsapubs.org/cgi/alerts to receive free e-mail alerts when new
articles cite this article

Subscribe click www.gsapubs.org/subscriptions/ to subscribe to Geological Society of
America Bulletin

Permission request click http://www.geosociety.org/pubs/copyrt.htm#gsa to contact GSA

Copyright not claimed on content prepared wholly by U.S. government employees within scope of
their employment. Individual scientists are hereby granted permission, without fees or further
requests to GSA, to use a single figure, a single table, and/or a brief paragraph of text in subsequent
works and to make unlimited copies of items in GSA's journals for noncommercial use in classrooms
to further education and science. This file may not be posted to any Web site, but authors may post
the abstracts only of their articles on their own or their organization's Web site providing the posting
includes a reference to the article's full citation. GSA provides this and other forums for the
presentation of diverse opinions and positions by scientists worldwide, regardless of their race,
citizenship, gender, religion, or political viewpoint. Opinions presented in this publication do not reflect
official positions of the Society.

Notes

© 2009 Geological Society of America F
THE
GEOLOGICAL
SOCIETY

OF AMERICA


http://gsabulletin.gsapubs.org//cgi/alerts
http://gsabulletin.gsapubs.org//subscriptions/index.ac.dtl
http://www.geosociety.org/pubs/copyrt.htm#gsa
http://gsabulletin.gsapubs.org/

Downloaded from gsabulletin.gsapubs.org on 18 September 2009

Stratigraphic correlation of Cambrian—Ordovician deposits along

the Himalaya: Implications for the age and nature of rocks in

the Mount Everest region

Paul M. Myrow+

Department of Geology, Colorado College, Colorado Springs, Colorado 80903, USA

Nigel C. Hughes

Department of Earth Sciences, University of California, Riverside, California 92521, USA

Michael P. Searle

Department of Earth Sciences, Oxford University, Parks Road, Oxford, OX1 3PR, UK

C.M. Fanning

Research School of Earth Sciences, The Australian National University, Canberra, ACT 0200, Australia

S.-C. Peng

State Key Laboratory on Paleobiology and Stratigraphy, Nanjing Institute of Geology and Paleontology, Nanjing, 210008, China

S.K. Parcha

Wadia Institute of Himalayan Geology, Dehra Dun, Uttranchal, 248001, India

ABSTRACT

The depositional age and stratigraphic
correlations of metamorphosed and varia-
bly deformed rocks of Mount Everest are
poorly known because of limited recovery
of diagnostic fossils. Detailed study of Cam-
brian and Ordovician strata from along
the length of the Himalaya has produced a
coherent stratigraphy that stretches from
northern India to Tibet. Our work also dem-
onstrates that the North Col Formation rocks
(= Everest series), between the Qomolangma
and Lhotse detachments of the South Tibetan
detachment system, still locally preserve sedi-
mentary textures and primary stratigraphy
that match those within Cambrian strata
~1100 km to the west in northern India. This
demonstrates a coherency of depositional sys-
tems and stratigraphic architecture for Cam-
brian deposits along much of the Himalaya
Tethyan margin. It also allows, for the first
time, identification of precise depositional
ages of several units in the Everest region, in
particular, the Yellow Band carbonate and
directly underlying siliciclastic strata, which
are both shown to be late Middle Cambrian
in age. Detrital zircon data presented herein
for a sample from these siliciclastic strata

"E-mail: pmyrow @coloradocollege.edu.

contain a similar age spectrum to those from
Middle Cambrian strata in northern India, as
well as grains as young as ca. 526 Ma, both of
which support the depositional age and conti-
nuity of depositional systems along the length
of the Himalaya. Highly fractured rocks of
the Ordovician lower Chiatsun Group in the
hanging wall of the South Tibetan detach-
ment system in Nyalam, 75 km to the west
of Everest, correlate with Ordovician strata
of the Mount Qomolangma Formation on
Mount Everest. Our correlations indicate
that the base of the summit pyramid of Ever-
est, the foot of the “Third Step,” is composed
of a 60-m-thick, white-weathering thrombo-
lite bed. The top of this ancient microbial
deposit crops out only 70 m below the sum-
mit of Mount Everest.

Keywords: India, Himalaya, Parahio Forma-
tion, Cambrian, Tethyan, Everest.

INTRODUCTION

The age and character of the rocks exposed
on the summit pyramid of Mount Everest have
been highly contested. Early geologists con-
sidered the upper part of Everest, including the
Yellow Band, to be Permian or younger in age
(Odell, 1925; Wager, 1934). Gansser (1964)
assigned limestone samples with abundant

echinoderm fragments taken from ~6 m below
the summit to the Carboniferous or Permian. In
the 1970s, the summit rocks were reinterpreted
as being Ordovician in age (Mu et al., 1973;
Wang and Zhen, 1975; Yin and Kuo, 1978;
Yin, 1987). After the comprehensive geologi-
cal investigation of the northern slope of Mount
Qomolangma by the Chinese Academy of Sci-
ences in 1975, a stratigraphic division was pro-
posed, and the summit limestone was assigned
to the Lower to Middle Ordovician (Yin and
Kuo 1978; Yin, 1987). This stratigraphy was
also used by Burchfiel et al. (1992) in their
study of the structures associated with the South
Tibetan detachment, a low-angle north-dipping
normal fault that separates the “Tethyan” sedi-
mentary series above from the Greater Hima-
layan sequence of high-grade metamorphic
rocks and crustal melt granites below.
Although the strata near the summit of Mount
Everest have been correlated with Lower to
Middle Ordovician rocks (Yin and Kuo, 1978;
Yin, 1987; Burchfiel et al., 1992), almost no age
constraint exists for underlying strata that extend
down to the high-grade rocks of the Greater
Himalayan sequence in the Everest region. Work
by Searle (1999, 2003), Law et al. (2004), Searle
et al. (2003, 2006), and Jessup et al. (2006) in
the Everest massif led to the identification of
two north-dipping low-angle normal faults, an
upper brittle Qomolangma detachment that cuts
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through the summit rocks, and a lower ductile
Lhotse detachment that separates greenschist—
lower-amphibolite-facies pelites of the North
Col Formation (= Everest series) above from
high-grade sillimanite gneisses, migmatites, and
leucogranites beneath. From restoration of the
South Tibetan detachment system faults, these
authors interpreted the North Col Formation
(Everest series) pelites as representing Cam-
brian and Neoproterozoic protoliths beneath
the Yellow Band carbonate, which they inter-
preted as Ordovician, following earlier reports
(e.g., Burchfiel et al., 1992). An understanding
of stratigraphic and age relationships of these
rocks is critical for deciphering the tectonic
history of the Himalaya, particularly the meta-
morphic protolith of rocks beneath the South
Tibetan detachment system.

We present a detailed measured section from
above the town of Nyalam, Tibet, 75 km west

Myrow et al.

of Mount Everest, as well as several sections
measured in Cambrian strata along the length of
the Indian Himalaya, to demonstrate a coherent
stratigraphic framework along the Himalayan
Tethyan margin. New detrital zircon data from
the Nyalam section verify the stratigraphic cor-
relations and help provide precise depositional
ages of strata on Everest. The correlation of the
youngest part of the section also allows for the
identification of the age and nature of the rocks
that make up the base of the summit pyramid on
the top of Mount Everest.

LOCATION

We measured a stratigraphic section across
the South Tibetan detachment system, a major
down-to-north normal fault that stretches the
length of the Himalaya (Burg, 1983; Burg et al.,
1984; Burchfiel et al., 1992; Carosi et al., 1998),

at a locality 30 km north of the town of Nyalam,
Tibet. The rocks are exposed in cliffs along
the north side of a river valley ~5 km along an
unpaved road that branches off the Friendship
Highway (Fig. 1). In addition, we examined
the same units at a locality 18 km north of the
Rongbuk Monastery, the latter of which is a few
kilometers north of Everest base camp. These
units are exposed at an altitude of ~5000 m
due to the northward regional dip. Stratigraphic
units at this section are similar to those exposed
in Nyalam (described next) and are easily traced
to Everest itself.

STRATIGRAPHY: NYALAM

Across the Himalaya, the South Tibetan
detachment system separates high-grade
metamorphic rocks of the Greater Himalaya
sequence (GHS) from sedimentary strata of

70°E

Lesser Himalaya

.~ ~<| Greater Himalaya

80°

TIBETAN

Peninsular
India

PLATEAU

KATHMANDU KLIPPE

Tethyan Himalaya and major
Lesser Himalayan klippen

Figure 1. Simplified lithotectonic zones of Himalaya and locations of sections illustrated in Figure 4. Box in inset map shows boundaries of

Himalayan map.
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the Tethyan Himalaya (TH) to the north. At
this site near Nyalam, Burchfiel et al. (1992)
mapped the South Tibetan detachment system
at a contact between sheared sedimentary rocks
of the footwall and lower-grade Ordovician
carbonate in the hanging wall. Here, the South
Tibetan detachment system truncates bedding in
the hanging wall at a low angle, strikes to the
northeast, and dips to the northwest at 20°-30°
(Burchfiel et al., 1992). Footwall rocks consist
of Cambrian quartzite and psammitic schist
with abundant granitic veins, which are capped
by a series of dolostone beds that thicken
upward into a 109-m-thick, foliated, yellow- to
orange-weathering, highly sheared dolostone
(Figs. 2 and 3). These metasedimentary rocks
(Rougiecun Group) are equivalents of the North
Col Formation (Lombardo et al., 1993), which,
in the Everest region, is mapped as biotite—
muscovite quartz schist and phyllite with some
intercalation of epidote quartz schist, chlorite
biotite schist, and thin-banded quartzose marble.
On Everest, the North Col Formation is also
referred to as the Everest series (Wager, 1934,
1965; Searle, 2003), a nonstratigraphic term
that is defined on structural and metamorphic
criteria. These rocks of intermediate metamor-
phic grade are separated from high-grade gneiss
and leucogranite (Greater Himalaya sequence
proper) below by the lower of two strands of
the South Tibetan detachment system mapped
in the Everest region, the Lhotse detachment
(Searle, 1999, 2003), and from the Ordovician
rocks above by the other strand, the Qomo-
langma detachment. In the Nyalam region, the
South Tibetan detachment system, as mapped
by Burchfiel et al. (1992), is a single surface
that represents a merger of the Qomolangma
and Lhotse detachments, a situation similar to
the areas north of Everest (Searle, 1999, 2003;
Cottle et al., 2007). Rocks of the Rougiecun
Group thus underlie the combined Lhotse and
Qomolangma detachments at Nyalam, yet age-
equivalent strata of the North Col Formation lie
above the Lhotse detachment on Mount Ever-
est. High-grade rocks with various stratigraphic
names (Jolmo Lungma Group, Beiao Forma-
tion, Nyalam Group) underlie the Rougiecun in
Nyalam (Liu and Einsele, 1994).

The inferred age of these strata and their
basic sedimentological character clearly iden-
tify them as the continuation of the stratigraphy
of the northern Indian margin, which can be
traced along the length of the Indian Hima-
laya from the Zanskar Valley to the Kumaon
region (Fig. 4). The thicknesses of sandstone
beds (up to 20 cm) in the siliciclastic part of
the Rougiecun Group in Nyalam and the shale-
sandstone ratios are both similar to those of the
Parahio Formation of northern India (Myrow
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Figure 2. Stratigraphic section from Nyalam, Tibet. Lithologies along x-axis of measured
section: Sh—shale, SS—sandstone, LS—limestone, Th—thrombolite. (A) Photograph of
Mount Qomolangma (Everest) showing position of the Yellow Band, Qomolangma detach-
ment (QD), and thrombolite unit. Yellow Band is ~170 m thick. (B) Close-up of stratigraphic
equivalent of the North Col Formation in Nyalam, Tibet, showing well-preserved bedding
and stratification in Middle Cambrian strata. Hammer in upper right is 35 cm long.

et al., 2006a, 2006b). In localities across north-
ern India, the upper part of the Parahio Forma-
tion contains a series of upward-thickening,
orange-weathering carbonate beds (Fig. 3C),
which in the Zanskar Valley of northern India
grades into the carbonate of the Karsha Forma-
tion (Fig. 3B). This unit is locally absent along a
sub-Ordovician unconformity in the Spiti Valley
(Myrow et al., 2006a, 2006b) and Kumaon
region (Fig. 4). Rocks of the Karsha Formation
have a uniform texture and are similar in grain

size, texture, and color to carbonate beds of
both the underlying Parahio Formation and the
Rougiecun Group in Nyalam. The 109-m-thick,
orange-weathering carbonate unit in Nyalam
has similar thickness to the Karsha Formation
(100-125 m; Garzanti et al., 1986; Figs. 3A and
3B), despite possible truncation by the South
Tibetan detachment system. Thus, despite evi-
dence of fairly intense shear in these rocks, and
the presence of abundant quartz veins, primary
bedding and a general stratigraphic succession
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Figure 3. (A) Close-up of Yellow Band on the southwest face of Mt. Everest. (B) View of the orange dolostone of the Karsha Formation
(> 100 m thick) in the Zanskar Valley region of northern India. Note underlying sandstone and shale (lower left), with interbeds of orange
dolostone, of uppermost Parahio Formation. (C) Thick orange dolostone beds (lower left, middle, and upper right) of the upper Parahio
Formation in the Parahio Valley of northern India. These beds are up to 13 m thick. (D) Lhotse calc-silicate bands at the headwall of the
Western Cwm beneath Lhotse. (E) Orange-weathering dolostone bed from the Cambrian Rougiecun Group in Nyalam. Hammer for scale.
(F) Close-up of dolostone bed at Nyalam showing sheared internal structure. Pencil for scale in lower right.
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are preserved that match those of several sites
across northern India. This succession is well
correlated across that region, and the deposi-
tional ages, as determined by detailed trilobite
biostratigraphy, are consistent and uniform in
terms of faunal succession. The orange dolo-
stone beds of the upper part of the Parahio For-
mation are also potentially correlated across the
strike of the Himalaya, specifically, with the lat-
erally extensive prominent calc-silicate bands
of the Greater Himalaya, as seen at Lhotse and
elsewhere (Figs. 3C and 3D).

The hanging wall of the South Tibetan
detachment system in the Nyalam area consists
of Ordovician limestone of the lower Chiatsun
Group. The lower 105 m of the Ordovician
rocks are composed of intensely fractured blue-

Geological Society of America Bulletin, March/April 2009

® Trilobite
fossil horizons

QD = Qomolangma Detachment

LD = Lhotse Detachment

Figure 4. Cambrian stratigraphic sections with ages of strata and positions of trilobite fossil
recovery. Data source: 1—Garzanti et al. (1986), Myrow et al. (2006a); 2—Brookfield (1993),
Myrow et al. (2006b); 3—Kumar (1985), Brookfield (1993); 4—Zhang (1988); 5—Searle
et al. (2003). Inset map shows position of sections and adjacent tectonic zones.

weathering limestone. A 65-m-thick unit of
pink- to white-weathering, massive limestone
with a clotted texture overlies this limestone. The
weathering pattern, uniform micritic composi-
tion, and clotted texture (Fig. 5) are typical of
thrombolite deposits. Thrombolites are non-
laminated organosedimentary structures analo-
gous to stromatolites but with a clotted internal
structure, and these appear massive and homo-
geneous on most weathered surfaces.

DETRITAL ZIRCON
GEOCHRONOLOGY

We collected a sandstone sample (NY-11)
for U-Pb detrital zircon geochronological
analysis to determine whether the stratigraphic

correlations outlined here would be supported
by the resulting age spectra. The sample
was taken from a sandstone bed in the upper
Rougiecun Group, ~100 m below the con-
tact with the orange-weathering dolostone
unit. Detrital zircons were separated from
the sample and dated with a sensitive high-
resolution ion microprobe (SHRIMP) at the
Australian National University. Zircon grain
ages for the sample (n = 60) are shown on a
relative probability plot (Fig. 6) along with
the detrital spectra from a sample (PV) of
the Parahio Formation (Myrow et al., 2003)
taken from the Spiti Valley of northern India.
Samples were prepared and analyzed using
standard procedures outlined by Williams and
Claesson (1987) and Pell et al. (1997).
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Figure 5. Thrombolite texture in hand sample
taken from white-weathering unit in Nyalam
(scale in cm).

Uncertainties given for individual analyses
(ratios and ages) are at the 16 level (see GSA Data
Repository'). Correction for common Pb was
either made using the measured ***Pb/*Pb
ratio in the normal manner, or, for grains
younger than ca. 800 Ma (or those low in U
and so radiogenic Pb), the *’Pb correction
method was used (see Williams, 1998). When
the 2/Pb correction is applied, it is not possi-
ble to determine radiogenic *’Pb/**Pb ratios
or ages. In general, for grains younger than
800 Ma, the radiogenic *Pb/**U age was
used for the probability density plots (and for
areas that are low in U and therefore indicate
radiogenic Pb). The *'Pb/*Pb age was used
for grains older than ca. 800 Ma, or for those
areas enriched in U. Tera and Wasserburg
(1972) concordia plots, probability density
plots with stacked histograms, and weighted
mean 2*Pb/>¥U age calculations were carried
out using ISOPLOT/EX (Ludwig, 2003). The
degree of discordance of the vast majority of
the grains is quite low.

A comparison of the two samples clearly
shows a similar distribution of detrital zircon
ages and thus a similar provenance (Fig. 0).
The ages of the two youngest grains (with 16
uncertainties) in NY-11 are 526 + 7 Ma and
526 + 6 Ma, and these ages are consistent
with a maximum depositional age of Early
Cambrian. These data, in addition to our strati-
graphic correlation, refute the claim, based on a
SHRIMP U-Pb age of 686 Ma and a whole-rock
Rb-Sr age of 796 Ma, that the entirety of the
Rougiecun Group is Neoproterozoic (Zou et al.,
2006). The youngest zircon ages are consistent
with our inferred depositional age of middle

'GSA Data Repository Item 2008214, detrital
zircon U-Pb age data, is available, is available at
www.geosociety.org/pubs/ft2008.htm. Requests may
also be sent to editing @ geosociety.org.
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Figure 6. Detrital zircon age spectra from
Nyalam, Tibet, sample (NY-11) and Parahio
(northern India) sample (PV). Important
age peaks are shown in color bands. Note
similarity of spectra between samples.

Middle Cambrian for the upper Rougiecun
Group, which sits below the dolostone unit in
Nyalam. This age is based on biostratigraphic
data from the Parahio Formation, which has a
similar stratigraphic position (below the car-
bonate of the Karsha Formation). Trilobite
fossils in the Parahio Formation in the Parahio
and Zanskar valleys indicate that the unit
ranges from uppermost Lower Cambrian (near
top of informal stage 4 of the Cambrian Sys-
tem) to middle Middle Cambrian (middle
part of informal stage 5). Based on our strati-
graphic correlations and known thicknesses of
Cambrian strata along the Indian margin (e.g.,
~1300 m of mostly Middle Cambrian strata
in the Parahio Valley), a great majority of the
thickness of the Rougiecun Group may be Cam-
brian. In fact, the age of the orange carbonate
unit is also Middle Cambrian, given that latest
Middle Cambrian trilobites have been recov-
ered from the lower member of the Kurgiakh
Formation, the unit above the carbonate Karsha
Formation in Zanskar, from several localities
(Whittington, 1986; Jell and Hughes, 1997;
Hughes, 2002; Myrow et al., 2006b). In sum-
mary, both the shape of the detrital zircon age
spectra and the ages of the youngest detrital
grains support the stratigraphic correlations
between northern India and the Nyalam region
of southern Tibet, and they suggest a continuity
of Cambrian depositional systems along the
northern margin of East Gondwanaland.

STRATIGRAPHY: EVEREST

Strata correlative with those of the Nyalam
area have been mapped in the Everest region
(Gysin and Lombard, 1960; Burchfiel et al.,
1992; Searle, 2003), and we examined them at
the roadside locality 18 km north of Rongbuk
Monastery. These include the metamorphosed
sandstone and shale deposits of the North Col
Formation, which are identical in character to
the Rougiecun Group, and a yellow-weathering
carbonate unit of similar character to that in
Nyalam. These units can be traced directly onto
Everest itself. We correlate these units with the
Parahio and Karsha Formations in northern
India, respectively (Fig. 4).

The thicknesses of various units on Everest
have been estimated based on precise elevation
data and photographic interpretation. The base
of the famous Yellow Band (Figs. 2 and 3A),
a regional marker unit of calcite-rich coarse-
grained marble (Jessup et al., 2006), is placed
at 8348 m, and its top is placed at 8520 m. The
calculated thickness of 172 m is 63 m thicker
than the yellow carbonate unit near Nyalam, but
its top is the Qomolangma detachment and so
the upper part may have been cut out by normal
faulting at Nyalam.

The entire upper part of Everest, above the
Yellow Band, has been mapped as the Mount
Qomolangma Formation, a succession of gray,
dominantly fine-grained Ordovician limestone
(Sakai et al., 2005). Most of these strata con-
sist of highly recrystallized sandy limestone
(Jessup et al., 2006; Fig. 6A). These strata dip
at ~15° to the NNE on the summit of Everest
but flatten out to <5° along the Rongbuk glacier
(Searle et al., 2003). They rest directly above
the Qomolangma detachment, the upper strand
of the South Tibetan detachment system. The
age-equivalent strata in the Nyalam region, the
Lower Chiatsun Group, are similar in lithology
and show a very similar stratigraphic succession
(Burchfiel et al., 1992). The limestone of the
lower Chiatsun Group is considered to be Lower
to Middle Ordovician in age based on nautaloid,
brachiopod, and conodont assemblages (Yin and
Kuo, 1978; Yin, 1987; Burchfiel et al., 1992). In
the Everest region, the Qomolangma Formation
is mainly made up of gray thick-bedded micritic
limestone, and its total thickness is 225 m
in the summit area. On the basis of a fossil
assemblage of brachiopods, collected from the
northern continuation of the summit limestone,
the age of the Qomolangma Formation has
been assigned to the Early-Middle Ordovician
(Yin and Kuo, 1978; Yin, 1987).

A prominent white-weathering bed exists on
Everest within the Mount Qomolangma For-
mation, the base of which is at the foot of the
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“Third Step,” which marks the bottom of the
summit pyramid (Fig. 2). On Everest, the top
of the Yellow Band marks the base of the “First
Step” along the North-East Ridge. Based on ele-
vation data and photographic interpretation, the
white-weathering bed on Everest is ~60 m thick,
and its base lies ~110 m above the top of the
Yellow Band. Compared to the thick prominent
thrombolite marker bed at Nyalam, this white-
weathering bed on Everest that makes up the
base of the summit pyramid is nearly identical
in thickness (60 versus 65 m) and stratigraphic
height above the prominent yellow dolostone
marker beds (~110 versus 105 m). The corre-
lation is striking and indicates that the base of
the summit pyramid is a continuation of the
thrombolite bed from Nyalam.

Samples taken from 6 m below the summit
of Everest consist of a variety of generally fine-
grained marine carbonate deposits with variable
amounts of land-derived silt and clay (Sakai et al.,
2005). Grains in the limestone include fragments
of crinoids and trilobites, as well as peloids
(sand-sized fossilized fecal pellets). These
deposits are presumably much less deformed
than the rest of the Mount Qomolangma Forma-
tion above the white thrombolite bed, which are
too intensely sheared to contain well-preserved
fossil fragments (Jessup et al., 2006).

Cambrian—Ordovician of the Himalaya

DISCUSSION

Previous workers have suggested that
increased metamorphic grade eastward along
the Himalaya (Brookfield, 1993), and marked
differences in regional lithostratigraphy
(Garzanti, 1999), frustrate attempts to corre-
late Cambrian rocks along the length of the
Tethyan Himalaya. Although early Himala-
yan (late Eocene—early Oligocene) ultrahigh-
pressure eclogites have only been found in
the Western Himalaya (Kaghan, Pakistan, and
Tso Morari, India), Oligocene—early Miocene
kyanite- and sillimanite-grade metamorphism
reached similar pressure and temperature con-
ditions along the entire length of the Hima-
laya, at least from Zanskar to Everest (e.g.,
Searle et al., 2003, 2006, 2007). Our inte-
gration of extensive sedimentological and
lithostratigraphic analysis with new biostrati-
graphic and detrital zircon geochronologic
data indicates that a coherent Cambrian stra-
tigraphy can be traced along a major length
of the Himalaya (Fig. 4). In addition, we cor-
relate extensive carbonate beds of the upper
Parahio Formation with calc-silicate beds of
Unit II of the Greater Himalaya (Figs. 3C, 3D,
and 7), supporting a continuity of stratigraphy
across the strike of the Himalaya.

Here, our approach allows for the determi-
nation of depositional ages of strata that lack
preserved fossils, in this case, the Rougiecun
Group—North Col Formation and the Yellow
Band of southern Tibet. Similarities in the
detrital zircon age spectra from Nyalam and
the Spiti Valley of northern India indicate that
depositional systems and sediment dispersal
were relatively uniform along the length of the
Tethyan Himalayan margin during the Cam-
brian. The ages of the youngest zircon grains
in the Nyalam sample are consistent with,
although not diagnostic of, the Middle Cam-
brian age determined from our correlations to
northern India.

Correlation between the Nyalam and Ever-
est sections, the thickness of the white marker
bed at both localities, and the distance from the
Qomolangma detachment to the bed all indi-
cate that the base of the “Third Step,” which
marks the foot of the summit pyramid, consists
of an ~60-m-thick thrombolite unit (Fig. 5).
Thrombolites are common microbial deposits
in Ordovician rocks (Armella, 1994; Turner
et al., 2000), from which layers up to hundreds
of meters thick have been reported (de Freitas
and Mayr, 1995). This microbial buildup, the
top of which is only 70 m below the Everest
summit, was a regionally extensive deposit in
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this region of the Tethyan margin in the Ordo-
vician. The correlation of the Ordovician rocks
on Everest with those in the Spiti Valley is less
clear. In Spiti, the lowermost Ordovician rocks
consist of a thick succession of red siliciclastic
synorogenic strata that is overlain by limestone
no older than Middle Ordovician in age. The
base of the Ordovician limestone of the Ever-
est region may be slightly older, and there is
no evidence of the underlying siliciclastic unit
that is found across northern India, although this
may have been removed by faulting along the
Qomolangma detachment.

The correlations outlined here also have
implications for the tectonic and structural his-
tory of the rocks of the Everest region and the
Himalaya in general. The correlation is par-
ticularly important for understanding the spa-
tial geometry and nature of the South Tibetan
detachment system (Fig. 8). Along the Zanskar
Valley of northern India, the South Tibetan
detachment system is placed at the base of the
Phe Formation, the basal unit of the Haimanta
Group in that area (Vannay and Grasemann,
1998). The unfossiliferous Phe Formation rests
directly below the trilobite-bearing uppermost
Lower to Middle Cambrian Parahio Formation.
The contact with the high-grade metamorphic
rocks of the Greater Himalaya sequence is
clearly defined and observed along the trace

Zanskar Valley,
India

Myrow et al.

of the Zanskar shear zone in the west (Searle
et al., 1992, 1999; Walker et al., 1999) and the
Sangla detachment fault further east (Steck
et al., 1993). Restoration of the Greater Hima-
laya sequence in Zanskar and Ladakh reveals
the continuity of the Proterozoic protolith
rocks of the Greater Himalaya sequence with
similar-age rocks both from the Lesser Hima-
laya below the Main Central thrust and the
base of the Tethyan Himalaya, north of the
Zanskar shear zone or South Tibetan detach-
ment (Fig. 7; Searle et al., 2007).

In the Everestregion of Nepal and South Tibet,
the South Tibetan detachment system shows
two strands, the upper Qomolangma detach-
ment and the lower ductile Lhotse detachment
(Searle et al., 2003, 2006; Jessup et al., 2006),
and the North Col Formation (= Everest Series)
and Yellow Band are sandwiched between the
two. The Qomolangma detachment is a contact
between the greenschist- to lower-amphibolite-
facies Middle Cambrian rocks below and the less
metamorphosed, brittlely deformed Ordovician
strata above (e.g., Burchfiel et al., 1992). On the
basis of our study, the Zanskar and Sangla fault
zones are directly correlative with the Lhotse
detachment of the South Tibetan detachment
system in the Everest region (Fig. 8), as outlined
by Searle et al. (2003, 2006). The preservation
of original bedding and relict stratigraphy in

Nyalam, S. Tibet

STDS

parts of the North Col Formation rocks between
the two strands of the South Tibetan detachment
system (Fig. 8) indicates that despite strong
shearing and peak metamorphic temperatures of
450 °C (Jessup et al., 2006), these strata were
not subjected to high-grade metamorphism and
the development of ductile-flow fabrics typical
of the Greater Himalaya sequence. They also
lack leucogranite sills and dikes. Rocks beneath
the Lhotse detachment consist of sillimanite +
garnet + cordierite gneisses with abundant par-
tial melting and leucogranite sills, characteris-
tics that have been interpreted as the result of
ductile extrusion during early Miocene channel
flow (Searle, 1999, 2003; Searle et al., 2003,
2006; Jessup et al., 2006; Cottle et al., 2007).
The two South Tibetan detachment shear
zones on Everest merge toward the north (Rong-
buk) and west (Nyalam), so that one large-scale
ductile shear zone of Cambrian strata is capped
by a low-angle brittle normal fault (Searle,
2003; Searle et al., 2003, 2006). North of Rong-
buk, at deeper structural levels in the Dzakaa
Chu section, the South Tibetan detachment is a
1000-m-thick ductile shear zone dipping at 35°
to the north that places Ordovician and younger
sedimentary rocks above sheared Cambrian
calc-silicates and mylonites (Cottle et al., 2007).
In the Nyalam area, the Cambrian strata rest
below the combined Lhotse and Qomolangma
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Col Formation sits above the Lhotse detachment on Everest, the Rougiecun Group is below the merged detachments at Nyalam, and the
Parahio Formation sits above the Zanskar shear zone in the Zanskar Valley. STDS—South Tibetan detachment system.
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detachment faults, instead of between the two,
as on the Everest massif. Despite this, and the
fact that the Nyalam strata have abundant leuco-
granite sills and dikes, preserved bedding and
coherent stratigraphy are found in the ~200 m
directly below the South Tibetan detachment
system in Nyalam (Fig. 8). Below this zone of
relatively intact strata, the metamorphic grade
and degree of deformation increase rapidly
(Burg et al., 1984; Burchfiel et al., 1992). In other
words, ductile strain and metamorphism associ-
ated with movement along the South Tibetan
detachment system diminished rapidly near the
top of the ductile shear zone. Restoration of the
South Tibetan detachment system normal faults
shows that the merged Qomolangma and Lhotse
detachments cut down stratigraphic section to
the north (Fig. 8; Searle et al., 2003), as expected
for a normal fault, along the length of the Hima-
laya, to form the Zanskar shear zone in northwest
India, which sits in this case below relatively
unmetamorphosed Middle Cambrian and older
strata. As such, the Middle Cambrian strata of
the Parahio and Karsha Formations in northern
India, and their equivalents in Tibet (Rougiecun
Group, North Col Formation, and Yellow Band),
sit below the South Tibetan detachment system
(Nyalam), between the two strands of the South
Tibetan detachment system (Everest), and above
the South Tibetan detachment system (north
India) in different parts of the Himalaya. Rec-
ognition of these strata as a coherent lithostrati-
graphic unit of consistent age helps define the
exact geometric relationships of this major fault
zone and associated metamorphic and deforma-
tional history along the length of the orogen.
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