Copyrigin & 2000, Fhe Paleantalogivul Saciery

YR gudtart sdwE ST )
WSy F g /T g ¥ T wEA A

CAMBRIAN TRILOBITES FROM THE PARAHIO AND ZANSKAR
VALLEYS, INDIAN HIMALAYA

SHANCHI PENG,' NIGEL C. HUGHES, ‘NOEL A. HEIM,** BRYAN K. SELL,> XUEITAN ZHL PAUL M. MYROW?
AND SURAJ K. PARCHA?

'State Key Laboratery on Paleobiology and Stratigraphy. Nanjing Institute of CGeology and Paleontology, Nanjing 210008, China, <scpeng@
TEPas. 4c.c1>; Tepartment of Earth $ciences, University of California, Riverside, 92521, USA, =nigel hughes@ucr.edu>; ‘Departmgnt of Geology,
Colorade (,o]legc Colorado Springs, 80993, USA; “Wadia [nstitute of Himalayan Geology. Dehra Dun, Uttranchal 248001, India; Present address:
Departinent of Geology and Geophysigs, University of Wisconsin-Madison, ‘\dadxson 33706, LiSA; a,qd *Present address: Department of Earth Sciences,

Umniversity of Geneva, rue des Maraichers |3, 1205 Geneva, Switzerland

ABSTRACT—New collections of trilabites from the type sectian al the Parahm Formation in the Parahio Valley, Spiti, and from the
Parahie, Karsha, a I{urglakh formations in the Zanskar Valley, permit biozonation based on material precisely located within
measured strdligmp seetions. &pcclmens preserved in hmeatone with mild tectonic deformation clarify the features of saveral
Himalyyan taxa kniown previcusly only from severely deformed specimens presgrved in shale. A total of 75 trilobite taxa from the
Cambrian of sztj and Za kar can be refered, quwuonab]y at lgast, at the generic level or below, and 61 of these are Ppresent in our new
collections. This new material is assigned with confidence to 29 existing species. and 1o 12 new species. Three new genera, Huydenespis,
B}zaxgwm‘ and Emahscmm, are established; new species include Huaydenaspis porvatye, Prozacamtholdes lahiri, Probowmania bhatii,
Xmgrmcssﬁs& parthive, X shyamalae, Bhargavia prakritike. Keotaia pracking, Gunnia smithi, Sudwmmonomrma sinindica, Proasaphiscus
simaoni, Koldinia odelli, and Tarifery jet'f' Tess additional Himalayan forms are assigned at the generic level enly, and another 11 are
quesrmnahlv 4ssigned 10 genera ar species, The zonation prapesed includes 6 zones and 3 levels, incinding the Havdenaspis parvarya level,
the Oryciocephatus indicus lovel, the Kaeraia praching Zone, the Paramecephalus defossus Zone, the Cryciocephalus salteri Zone, the
Iranoleesia butes lt:ve] the Sudanomocaring sinindica Zone, the Lejoprge acantba Zone, and the Proagnostus bulbus Zone. The seetions
span from the upper part of the informal Stage 4, Series 2 of the Cambrian System, about 511 Ma old, (o the Proagnostus hufbus zone of
the Guzhang:l.m Stage near the top of Series 3 dated ai abiout 501 Ma. This time interval is represented by about 2000 m of section, which
is thick cpmipared te similar intervals LIquhCI'E and is consistent with ligh rates of sedimentation aleng the Himalayan margin at the
time. The fauna le‘mmble‘\ others from equatorial per-Gondwanaland, with closest similarity to that of South China, It alza bears strong
affinity to the North China fauna. Juvenile trifobites are described for the first time [rom India. A new Chinese species, Monanocephalus

figuanl, 15 alsq described.

INTRODUCTION

LTHOUGH CAMBRIAN trilobites have been known from

"} the Himalaya for over a hundred years, the biostratig-
raphy of the Himalayan Cambrian remains poorly resolved.
The great majority of these trilobites have been tectonically
deformed (see Jell and Hughes, 1997), and the stratigraphic
context of many previous eollections i not well understood.
Consequently global assessments of Cambrian stratigraphy
and paleogeography generally overlook the Himalayan
region. A steep ridge along the north side of the Parahio
valley of the Spiti and Lahaul district of Himachal Pradesh,
India (Fig. 1), first studied by Sir Henry Hayden in the 1890’s
(Hayden, 1904; Reed, 1910} provides a continuous strati-
graphic sgction (\Jy;ow et al., 20063} from which we have
collected Cambrian trilobites at successive horizons. We have
also collected several sections in the Zanskar Valley of the
Ladakh region of Jammu and Kashmir, India (Myrow et al.,
2006b), a region some 130 km northwest of the Parahio
Valley (Fig. 1} and also part of the Tethyan Himalaya. Much
of this new material iy pressrved in limestone and, while not
entlre[y free from tectonic defarmation, Is of mtﬁuem quaiity
10 peFmit direct egimparison with well-preserved specimens
from glsewhere.

This study presenis systematic descriptions of oor colige-
tigns and clarifies taxonomic concepts based on these well-
preserved specimens. Correlations between the Parahio and
Zanskar Valleys are considersd, and our new material is
integrated with previous collections to construct a brostrati-
graphic scheme for this region {or parts of the second and
third series of the Cambrian System. We also consider the
implications of gur stuedy for datmp and correlation with other
parts of the Himalaya and bevoud.

GEOLOGICAL SETTING

The central part of the Himalaya. located between its eastern
and western syntaxes, consists of four major lithotzctonic zones
to the south of the Indus-Tsangpe suture zone, the boundary
with the Lhasa block of Tibet (Fig. 1.1). Fhe collections
described heremn come from the northernmost of the fonr zones,
the “Tethyan” or “Tibetan” Himalaya, and all belong to the
upper part of the Haimanta Group (Myrow et al., 2006a), The
Spiti and Zanskar valleys are adjacent drainage basins
(Fig. 1.2), and the Parahjo Formation has been recognized in
both regions (Myrow et al., 2006a,b). It consists of siliclastic
deltaic deposits with subordinate carbonats beds.

In Spiti, the Parahio Formation is unconformably overlain
by the conglomergtic basal part of the Otdovician Thango
Formation. Collections from the Parahio Valley of Spiti were
made from (1) a section on a ridge on the narthern side of the
Parahio River (Fig. 2}, which is where Hayden (1204)
measured his original section, (2) from an outcrop on the
banks of the south side of the Parahio River near the
confluence with the Summa River and, (3) the slopes on the
east side of the Sumna River (seg Appendlx 1 for details of
collection lecalities). A-:pccts of the llthostrdngmphy and
palecenvironments of these sections, and the history of their
mterpretation, have been reviewed by Myrow et al. (2006a).
Trilohites, bradorid dr[hropodsi phosphatlc brachippads, and
sponge aplcules are found in carbonate grainstone beds that
are mlc:rpreu:d to represent imtermittent decreases in the
supply of terrigenous siliciclastic sediment. The griinstone
texture Sngpests reworking by ocean waves and currents.
Although there is some gvidence of silicification in these
carbonate beds (Myrow et al., 2006a), acidic dissolution of the
limestone did not yield sificified fossils other than sponge
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FIGURE . [—Locatign ¢f the Spm dnd 7ans.kar vaileys within the Himalaya. 1, showing pmman of Spiti/Zanskar reglon as part of the Tethydn

Hitnulaya, the most nov therly of Four lithotectanie zaties of the Himalaya. 2

2, pustiion of sections within the Zanskar #nd Spiti villeys, dnd other aréas is

the wistern and central Hindalaya from which Cambrisg irilobites are known.

spicules. However, it did liberate phosphatic brachiopods
from each of the carbonate horizons that we have sarpled.
Trilobites and brachiopods are also present in dark shale
that appéars to have accwmuiated in a low energy marine
environntent, below fair-weather wave base. Although the
entire section of the Parahio Formation at this locality exceeds
1350 m in thickness. carbonate and dark shale facies typically
form a small proportion of rthe total thickness of successive

shoaling cycles, particulisly in the lower patts of the section.
This explains the Hmited number of Beds bearing macrofossils
(Fig. 3). Episodic delta-lobé switching led to norsysteratic
srranwr&phn, changes in cycle and facigs thickness (‘\rfy fow et
al., 2006a). Thick carbonate beds near the top of the section
are dolomitized and do not cantain abundant trilobites,
although a poorly preserved agnostoid shield was observed in
one dolomite bed. in a few cases dolomiie beds bear laminae
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rich in phosphatic brachiopods, and fossils described as
conodonts have also been recovered from these beds {Bhatt
and Kumar 1980) Various trage fossils have been found at

Tn ?an‘ikar (Fig 5) the Pardhm Fgrmanon is lithologically
simpilar to its exposure in Spiti; although Zanskar may have
been located in a slightly more distal setting (Myrow et al,
"'ﬂOéb} There the Parahio Formation is succeeded by the
Karsha Formation, a thick red-weathering do]o-itone that
TEPresents & clear-water carbonate-platform setting and
contains trilobites in its upper member (Myrow et al.,
ZOGSb} (Fxg 6). Tht: Karsha Formation 1s confon'nably
sn‘m]ar hzirwfac;es to the Parahio ,Formatnon and also bedrn
Cambrian trilobites. The Kurgiakh Formation {s unconform-
ably overlain by- the Ordovician molasse deposits of the
Thaple Formation (Fig. 6). the lithological equivalent of the
Thangoe Formation of the Parahio Vallev These relationships,
along with the constraints provided bv the trilobite biostra-
tigraphy, suggest that in this sector of the Himalaya the
Ordovigian unconformity cut te degper stratigraphic levels
toward the southeast (Fig 41,

We did not regover trilobites from carbonate beds in the
Parahio Formation of Zanskar because these beds were alimost
entirely dolomitized {phosphatic brachiopods were collected
from one of these beds, Fig. §). We tecovered trilobites from
shaie in the upper part of the Parahio Formation in the Purni

section (Fig. 3), shortly heneath the contact with the Karsha
Formation, and from a shale bed near the top of the Parahio
Formation on the high slopes east of Kurgiakh village.
Trilohites and phosphatu: brachlopoda were also recovered
from several thin carbonate grainstone beds in the Teta
Member of the Karsha Formauon: and from shales in the
overlying Surichun Member of the Kurgiakh Formation, both
in the section opposite Kuru and in the section within
Kurgiakh nulla (Figs. 5, 6).

PRIOR SYSTEMATIC AND BIOSTRATIGRAPHIC WORK

Previous systematic studies of Cambrian trilobites from
Spiti and Zanskar, which inelude over ten publications, have
been reviewed elsewhere (Jell and Hughes, 1997) with the
exception of the following papers. Dungrakoti et al. (1977, pl.
30, fig. 1) fgured a poorly preserved exoskeleton from the
Kurgiakh nulla section that they attributed to the family
Olepellidae. No specimen number or repository information
was given for that foasil and we have not been dble o exa:mine
unhkely to be correet, but wc cannot recogmz_e dny dmgnomt_:
features in the published fignre. Shah et al. (1996) and Kumar
(199%) described and figured agnostoid and polymerid
material from the Kurgiakh reglon of the Zanskar Valley,
apparently from the nerth bank of the Tsarap Lingt: River, a
few kilometers east of Kurgiakh village, Our searches in that
area did uot relocate these levels, but we discuss this materiai
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quzr Fe-Composite strnr’gf:apmc seciion of the Cambrian rocks of the Parahio Formation in the Parahic Vailey based on scotions shown m Fig, 2,
thi trilobite accurrenee, focal anges shown, and Bozonation. Sedimentological und other dewatls of the section are prov&dﬂd in Myrow et al. (A006a).
Fhr: chiart includes all trilohite spumes that we consider to be valid from this section, including those not tecovered by us. * indicaies speies onty kaown
from shaies. 4 and 3 refer to the new, mformal stapes of the Cantbrian Systent. Here we reprosent the banddry between them at the [frst accurrence of 0.
indicus. Details of heighi in section and collection lithoiogles provided in Appendix 1 and 2. Note shat the type specimens of Agnosius spitiensis Reed,
1510 are missing, and hence we are unahie to verify the validity of this form. Open star indicates dolontite coritaming abundant acrotreiid brachiopods.
sh indicates shale. st indicates sifz, viv and {5 indicates very fine sandstone and fine sandstone respectively, and carb indicates carhonate.
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FIGURE 4---Lithostratigraphic correlation of the units considered in this
work between the Zanskar and Spiti regions, based on Myrow et al.
{2006b, fig. 2), and supported by the biosiratigraphic zonation document-
ed herein. Mote that the contact between the Sanugba and Haimanta
groups is an erasianal unconformily in bath seetions, but that the entirety
of the Karsha and Kurgiakh formations is missing in Spiti.

in the taxonomic discussions below, and estimate its strati-
graphic position in our summary of the Cambrian biostratig-
raphy of this region (Fig. 6).

Refining the Cambrian biostratigraphy of the Himalaya
requires the precise location of collections within continuous,
measured stratigraphic sections. The most comprehensive
attempt to date is that of Hayden (1904. Reed, 1910).
Hayden's (1904, p. 14-13) section for the Parahio Formation
at the type section accords with our own in terms of the
identity and sequence of (rilobite-bearing horizons and relative
thicknesses between these horizons. However, Hayden's (1904)
estimate of the total thickness of the Parahio Formation
(362 m) is less than 25% of our own estimate (13560 m) for the
same section. Hayden (1904, p. 13) argued that folding
increased the apparent thickness of the section, but our work
does not suppo’rt that interpretation. We saw no evidence for
structural complexity in the Parahio Formation other than
minor faulting, and the irilobite collections occurred in a
stratigraphic order consistent with that seen in other areas of
Asia that have suffered little or no tectonism. Hayden (1904)
recovered trilobites from five stratigraphic levels within his
section: his levels 2, 4, 6, 9, and 13. We have recovered trilobite
species from beds that represent each of these levels or their
close equivalents with the exception of his level 2. We have
also discovered two additional trilobite-bearing units located
stratigraphically adjacent to those of Hayden’s level 2 (Fig. 3).

Jell and Hughes (1997, fig. 4) presented a scheme for the
correlation between the Parahio Valley and Zanskar regions,
in addition te other parts of the Himalaya, but did not
propose a formal biostratigraphic zonation for the region, Our
work is consistent with the scheme that they proposed, and
permits the recognition of a series of faunal levels and zones
within the region.

The Hayden/Reed stratigraphy and our own differ from that
presented in several other papers on the Cambrian trilobite
biostratigraphy of the Parahio Valley (e.g., Shah and Sat Paul,
1987; Shah et al., 1988; Shah and Raina, 1990; Parcha, 1996,
1898). Those papers suggested that 12 fossiliferous herizons
spanngd. parts of the tradidonal early, middle and late
Cambrian across iess than 400 m of Parahio Formation section
and also mention an occurrence of Redlichia within the Parahio
Valley section. Revisions by Jell and Hughes (1997) and the
resnlts of the present study indicate that the strata are nearly
1400 m thick and span much jess of the Cambrian System. In:

[LOBITES 5

addition, we did not recover any specimens of Redlichia or
know of any Redlichia specitmens previously recovered from this
vailey. Much of the material used to construct the alternative
scheme has since been reassigned to different taxa (Jell and
Hughes, 1997). However, these differences in the stratigraphic
views exfend beyond matters of taxonomic assignment. Qur
work ig based on 2 stratigraphic section that was messured from
base to top as we collected: the alternative scheme was made by
estimating the relative stratigraphic positions of new findings
with respect to older findings. Our inferred position of
Hayden’s level 2, which contains the important taxon
Oryctocephalus indicus, 1s o projection, but it is based on our
corrected estimates of the thickness of Hayden's section. We are
explicit about the basis of this estimate and are reassured that
this projected position is consistent with the recorded position
of Q. indicus in other sections worldwide.

FOSSIL PRESERVATION

Almost all of the Cambrian trilobites previously described
from Spiti and Zanskar have suffered significant flattening
and tectonic shearing due to their preservation in deformed
fine-grained siliciclastic rocks {(such as i1s evidenl in Figs. 33,
56, 57). Such deformation can also induce novel features that
have mistakeuly been considered of taxonomic significance in
some cases (see Hughes and Jell, 1992). On the other hand,
trilobite matenal preserved in fine-grained siliciclastic rocks is
more commonly articulaied than that preserved in limestone
or silica (e.g., Fig. 33) (Hughes, 1993). Out of the 73
Himalayan taxa that are recognized in this monograph, 31
are known exclusively from fine-grained siliciclastic strata, 28
exclusively from carbonate, and [6 are known from both
fucies (Appendix 2). Thus, 44 taxa are now known from
carbonate material, and for four species we have been able to
associate isclated sclerites preserved in carbonate with
articulated specimens preserved in siliciclastic strata, allowing
a more nearly complete characterization of these taxa. All but
one of the 14 previously described species that we failed to
recover in our new collections are from siliciclastic strata.

Although our carbonate collections are not free from the
effects of compaction and tectonic shearing, the degree to
whieh these factors have influenced the fossils is generally
modest compared to that in associated shales. In certain cyses
in which specimens have experienced simple shear, we have
employed digital retrodeformation in an attempt to restore the
original form in order to facilitate comparison with unde-
formed material known from elsewhere (Hughes and Jell,
1992). The degree to which tectonism influenced specimens
preserved in carbonate varled within beds, with some
specimens showing deformation and others apparently free
from it, and our figures illustrate both conditions.

DIVERSITY AND BIOFACIES

The time spent at different colleeting levels ranged from 2 to
6 person-days per level, With the exception of the upusually
diverse limestone beds at the top of the Teta Member of the
Karsha Formation. - the diversity of polymerid -trilabites
among the levels varied between three and ten species, and
most collections appear to be dominated by a relatively small
number of taxa. There is a remarkable abundance of
agnostoid species in the upper parts of the Teta Member of
the Karsha Formation and in the Snrichun Member of the
Kurgiakh Formatien. This sharp increase in agnostoid
diversity is consistent with the pattern seen elsewhere, and
documented in particular detail in South China (Peng and
Robisan, 2000}, and does not require a local explanation.

Carbonate and siliciclastic beds bearing species of similar
stratigraphic age occurred al several levels. and these provide
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some opportunity to assess the lithofacies preferences of species.
The relatively long ranged ptychopariid Kuhmingaspis stracheyi
was abundant in sHale beds from several horizons, but we did not
record it in any of the carbonate beds that occurred within its
stratigraphic range. On the otlier hand, we found many species in
both carbonate and siliciclastic rocks. Biofacies differences
between carbonate and siliciglastic facies are common among
Cambrian trilobites (e.g. Ludvigsen and Westrop, 1983) and the
occurrerice of specific Himalayan taxa in both lithologies may
suggest that the trassitions between these facies in this setting did
not reflect major shifts in palecénvironment.

Kaoraia praching n. sp. and Bhargavirr prakritika n. gen. and
sp. from thé interval from 43344 m to 439.67 m in the
Parahio Valley section bore unusnally thick exoskeletons.
Thicker exoskeletons may suggest a need for robust shields in
shallow water conditions (Fortey and Wilmott, 1991).
However, the exoskeleton of the co-occurrent Xingrenuspis
parthiva was apparently of normal thickness,

BIOSTRATIGRAPHY AND GLOBAL CORRELATION

The Dbiostratigraphic zonation proposed here for the
Tethyan Himalaya of northern India is based on the local

occurrence of well-characterizéd taxa. Where age diagnostic
taxa are restricted to single bed the term “‘level” is applied with
the epithet of a species characteristic of that level. Weé apply
the term “zone” when the eponymous speecies occurred in
more than a single bed beneath the [irst appearance datum
(FAD) of the next level or zone. Intervals of “no zonation” are
indicated in thick, apparently barren, strata above levels or
zones where further work is required to clarify the biostratig-
raphy. The base of cach unit 15 defined by the FAD of the
the base of the next overlying zone defines the top of each
zone,

Our biostratigraphic study of Hayden's section in the Spiti
Valley and three sections in the Zanskar Valley enable us to
develop a formal biostratigraphic succéssioh with six trilobiie
zones, three levels, and six intervals of no zondtion for the
Cambrian System of the Spiti and Zanskat Valleys (Figs. 3, 6).
It spans an interval from the upper part of the as yet-unnaméd
global Stage 4 through the lower half of the Guzhangian Stage
of the Cambrian System (Figs. 7-8). In ascending order these
divisions are: the Haydenaspis parvarya level, interval 1 of no
zonation, the Oryeroceshalus indieus level, interval 2 of no
zonation. the Keaotaia prochimn Zone, interval 3 of no
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KL} is opposite Kury. 3 refers to the new informal fifth stage of the Cambrian System. Open star indicates dolontite containing abundant acratretid
hrachiopods. sh indicates shale, ss indicates sandstone, and carb indicates carbonate.

zonation, the Paramecephalus defossus Zone, the Orperoce-
phalus salteri Zone, interval 4 of no zonatien, the frangleesia
butes level, interval 3 of no zonation, the Sudanomocaring
sinindica Zone, interval & of no zonation, the Lejoprge acantha
Zone, and the Prodgnosiuy bulbus Zone.

The relativgly dense sampling of the beds of the Teta
Member of the Karsha Formation and the overlying Surichun
Member of the Kurglakh Formation. coupled with the
striking abundance of taxa, permits the recognition of a
strarigraphically lower {auna characterized by the occurrence

of Lejopyge acantha that is succeeded by a zone bearing
Proagnostus bulbus (Fig. 6). A similar transition is known
from multiple sections worldwide and provides grounds for
constraining the age of these beds rather precisely (Fig. 7).

A striking characieristic of the biostratigraphic distributien
of trilobite taxa from the Cambrian of Zanskar and Spiti is
that trilobite-bearing beds uare restricted to narrow strati-
graphic intervals. Individual taxa were comunonly collected
from multiple horizons, sometimes of different lithology.
within intervals around 10 m thick, but such horizons were
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FIGURE 7—Correlation between the Cambrian biostratigraphy of Zanskar and Spiti with that of other regions. ™ote that,

for the purpose of

interregional comparison, the Himalayan levels and zones are here shown to encompass the tnterval from their first occurrence datum (FAD) until the

FAD of the next zone or level. Lv, signifies level.

often separated by more than 100 m of unfossiliferous rock
{Figs. 3, &), Taxa that ranged over thick (~100 m or morej
intervals include the agnostid Prychagnostus acideatus and
probably also Peronopsis acadica, and polymerids including
Kunmingaspis stracheyi and Parablackwelderia sheridanorum.
Specimens of Paramevephalus defossus and Shantungaspis
himalaica weré collected from an interval that spanned about
80 m of the Parahio Formatijon in the Parahio Valley section.

ki — . o T
SYATENS  SERES STAGES OR FRCUSANAL STRATIGRARIIS EPONETS N
CHERRL St Tremadouian - .
a8 FAL of mpetagnin s Soutwagus (RE5P)
iLindeficnd: FAD ok "
Furasigian Cambrias Smge i '
Alntek
_gm FA o
Paitian
Fal of 2 st
Guzhangian

Cambrian fndetived:
Series 2 HEAD oF (st or Rediche
(Undefined) | Cembron Buge 3
indetred;
WAL o ik
Caentricin Singe £
Terre : (irdefined)
' v PEHL f S9F speimes
Berigrmn
Fals ot ¥ e (EEP}

FrGurE #—The Cambrian secizons of the Spiti/Zanskar region in the
context of global Cambriam stratigraphy. The Himalayan sections {shaded
portion} represent 4 relatively smail proportion of the Cambrian System.

We interpret the restriction of most taxa to narfow
stratigraphic intervals to reflect the paleoenvironment and
accumulation history of these deposits: collections are
localized near the boundaries of major shoaling cycles. The
stratigraphic thickness betwgen our oldest and youngest
collections in the Parahio Valley, PO3 and POI10, is
approximately 900 m. The Ka#i Formation in Guizhou
Province of the South China block represents a significantly
longer temporal interval and is 326 m thick at its type section
(Zhang et al., 1979). Similarly, while the stratigraphie interval
between the base of the range of Sudanansmocarina sinindica
and Proagnosius bulbur is about 270 m in the Paibian type
section at Paibi in northwestern Hunan (Peng and Robison,
2000), the same interval is apparently about double that
thickness in Zanskar, where it is répgresented by the carbonate-
rich Karsha Formation. Hence, the Indian sections are
relatively thick, consistent with the interpretation of their
being largely the products of deltaic deposition.

The average sediment accumulation rate calculated for the
measured thickness of the Parahio Formation in the Parahio
Valléy section was 30.4 cm/1000 years, a high rate that is
similar to time averaged accumulatidh rates in deltaic settings
(Myrow et al., 2006z}, Much of the iime représented by the
section was likely accommodated at discouformity surfaeces
and within stratigraphically condensed horizons associated
with the boundaries between depositional cycles. For example,
the {ransition between the top of the range of P. defossus and
the first appearance of the Fauna of the subsequent Orycto-
cephahus salieri Zoue, occurs within a4 3 m interval (Fig. 3). If
the degree of faunal (ransition was refated to teémporal
duration, more Cambrian time may be represented within
that 3 meter mterval than m the 80 m preceding it, which all
bears the fauna of the defossus Zone.
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The age of the interval studied herein is well copstrained by
many of the polymerid trilobites thaj are endemic to eastern
Gondwana and that provide carrelation with well established
successions in China and Australia, and by the rich
assgmblages of sgnostoids in the Lejopyge acantha and
Proggnostus hulbys zongs (Fips. 3. 6). The later enable a
precise glpbal correlatlon for those Tethyan Himalayan zones
(Flgs 7, 8). The Lefopyge acantha zone correlales globa[%y
with the L;Jjopyge lagvigate Zone and, as defined, the FAD of
Lejapyge laevigara coincides with the base of the global
Guzhangian Stgge (Peng and Babeock, 20{38 Peng et al,
2009). In addition te the agnostoids, the age of the interval
studied is conssraingd by the occurrgnece of Ory ct‘ocephalus
indicus in the lower part of the Parahio Formation in the
Parahio Valley section. As one of the key ‘internatiomal
stratigraphic marker species for this time interval, the FAD of
Oryctocephalus indicus is ong of the criteria proposed for
defining the hase of the as-yet-unnamed global Stage 5 (Peng
and Babceck 2005, Babcock et al., 2005)

ptychopdnmdq mcludmg Probownanm bham n. wp “and
Mufushania nhawkingensis? The latter specteq 15 cloqely compa-
rable to M. nenkingensis, which occurs in the basal Mao-
c%mangian Stage and equivalent formations in China (Yuan et

20023, and seggests that this level is equivatent to the base
ot thé Magchuangian as used in North China, or within the
top part of the Duyunian Stage as used. in South China.
Gilobally, this level fies within the upper part of the as-yet-
unnamed Stage 4 of the Cambrian System, and thus to the
uppermost pari of the second Series of the Cambrian System
(Figs 7, B).

Oryetocephalus indicus level —Unfortunately, we recovered
no . indicus (Reed 19107 in our Lolli;:ctlons but Hayden
(1904) recovered the gponymous species in association with
Kunmingaspis pervulgﬁta {Reed, 1910), Pageria significans
(Esheridge, 1902) and an undétermined ptychoparioid species
from his level 2, in the lower part of the Parahio Formation in
the same section (Fig 3). An Oryetocephalus indicys Zone has
been recognized in $euth China and in the Great Basin (Yuan
et al., 2002; Sundberg and McCollum, 2003). Although neither
the strat]graphlca.l range nor FAD of Oryerpcephalus indicus is
precisely known in the Parahio Valley section, where our
collections show spegies in common with his, the relative
thicknesses of the stratigraphic intervals between Hayden's
collecting horizons corrglate well with our own, despite
Hayden’s (1904) significant undere‘;tlmate of the total
stratlgrdphlc thickness of the entire section. Hence we can
projest the suangraphu. height of Hayden's O. indicus level
within our section. We estimate the @ indicuy level to be at
about 200 m above the base of the measured section (Fig, 3)
which also is the lewel at which a thick sandstone unit is
succeeded by a thick shale, probably equivalent to the
baundary between a large-scale shoaling cycle. Globally,- the
FAD of (0, indicus will perhaps be used for defining the base of
the as-yet-unnamed Stage 5 of the Cambrian System (Peng
and Babcock, 2005; Babeock et al., 2005) (Figs. 7. 8). The
Tethyan Himalayan Q. indicus level in Spitt appears o
corrc.late with the base of the Tailiangian Stage tn South
China and with a level within the ®asal part of Delammaran
Stage, which is close to the boundary between the Delamaran
and the underlving Dwveran stage in Laurentia. In South
China, the base of the informal global Stage 5 lies at about the
level of the top of the lower third of the Kaili Formation (Peng
at al., 200d¢; Yuan et al., 2002; Zhao et al., 2004) (Figs. 7, §).

o

Kaotaia prachina Zene.—Three new species, Kaotaia pra-
ching n. sp., Bhargavia prakritika n. gen. and n. sp., and
Xingrenaspis parthiva n. sp., characterize this zone (Fig. 3).
The lowest occurreuee of the eponymous species is at 433.4 m
above the base of the Parghio Formation in the Parahio Valley
section, and the zone extends at least up to 439.67 m. The
pqtentlaf far correldnon af the zone is limited because sach of
these species is new, hut based on its infefred stratlgraphlc
position above the O yetacephalus indicus leve[ and below that
the mtormaI glohaj Stage 5. Both the ocgurrence of Kuotaia
(sensu stricto), which ranges through the middle and upper
parts of the Kaili Formation in South China (Q. indicus Zene
through Orvcmcephalus origntaliy Zone) (Zhang et al., 1980a;
Yuan et al., 2002), and the occurrence of Bhargawa in the
Great Basm which occurs in the Alhertells Zone of the
Carrara Formation (Palmer dnd Halley, 19?9) support this
correlation.

Al SBOEm in the Pardhlo Valley section we collected
position of Hayden § (1904) Iew;l 4, from whlch he collected
material that we here attribute to Mufushama ap.

Pardmecephd]ua defossus. Z(me —The middlé part of the
Parahio .Formation in Hayden’s section contains a fauna
including Kunmingaspis stracheyi (Reed, 1910}, Gunnia smithi
n. sp., Paramecephalus defossus (Reed, 1910), Poupasiclla
himalaica (Reed, 1910), and Changqingia sp. Monanocephalus
urceolarus (Reed, 1910} also belongs to the fauna {Hayden,
1904; Reed, 1910; Jell and Hughes, 1947) (Fig. 3). Para-
mecephalus defossus mmal%}, appears in shale 765.14 m above
the, base of the Parahio Formation and we infer this to be the
site of Hayden's (1904) level 6. All species are ¢onfined to this
zang except for K. stracheyi, which ranges upward into the
Oryctocephalus salteri Zone. The interval occupied by this
zone and the subsequent €. salteri Zone is probably correlated
to the middle of the Taijiangian Stage of South China. basad
on their faunal assemblage, and this correlation is discussed
further below.

Oryctocephalus  salteri Zome—This zone contains the
richest and most diverse trilobite assemblage within the
Parghio Valley section (Fig. 3). It occurs within a 675 m
interval on the north side of the Pyrahio Valley, where jts base
is at §35.66 m, and within an eqmva]’eut stratigraphic interval
of ngQ more Lhan 10 m thickness at the northwestern end ef the
eponymous spemes is asqot:lated with Zzboaspzs kamhs (Reed
1910). Other trilobitey belonging to this zone are from slightly
higher levels from the Sumna Valley and include Opsidiscus
haimantensis? (Reed, 1910}, Monrmacephalus MIOpOensis
(Reed, 1910), Hundwgrellg memor (Reed, 1910), Sﬁfennpqrm
talingensis (Dames, 1881) Solenaparia sp. cof. S shanxiensis
(Zhang and Wang, 1983), Altiocenlus sp. of. A. striatus (Nan
and Chang, 1980), Xingrenaspis shyamalae w. sp., Poriagraulos

. indet., and Guania sp. 2. All these species are confined to
t 18 7one which also contains a shale a1 §36.41 m above the
base of the section an the north side of the Parahio Valley,
which.is the location.of Hayden’s (1904) level 9.

With the exceptions of diriscculus, Hundw ara[ﬁ;, and
Opsidiscus, all of the penera in this and the underlying
Paramecephalus defossus Zone occur m South China exclu-
sively in formations belonging to the Taijiangian Stage (l.e.,
the Doupossu, Kaotai and the middle and upper Kaili
formations), and m North China within formations belonging
to the upper Maochuangian and lower Hsuchuangian stages.
Solenoparia talingensis provides specific correlation with the
upper Hsuchuang Formation in ceutral Shandong Province,
North China. In Avstralia, Guawia 1s known from formations
of the Ordian-early Templetonian stages, and Kruse (1990}
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reported a post-Redlichig age for (. lutea in the Daly Basin,
North Territory. Opsidiscus is a fairly widespread form,
known from the middle Cambrian of Australia, the A[tcu
Mountains, the Siberian Platform, Greenland, and Sweden.
Taking these str’atigraphic pomions into du.ount the Tethyan
er zones are beqt corre]ated w1th the middle Tamanﬂlan Stage
of South China. and with the upper Early or early Late
Templetonian stages of Australia (Fig. 7).

Iranoleesia butes level.—Only the eponymous species occurs
in this level in our collection, but a previously described
specimen of the species Xingrenaspis dardapurensis (Reed,
1934) from Hayden's (1964) level I3 has also been reported to
occur at this level, which is at about 1050 m above the base of
the section (Flg 3). Jell and Hughes (1997) suggested a latest
Hﬁuchuanglan age for this level, which corresponds to the late

angian of South China (probably in the Prychagrosius
gt%lgus Zone). Although we did not recognize any level or zone
that could be directly correlated between the Parahio Valley
and Zanskar Valley sections using trilobites, the lowest
trilobite-bearing beds that we recovered from the Parahio
Formation in Zanskar (the Sudanomamrr‘rm sinindica Zone)

bu;es level), as the spec_:1es Ira:zoicesm butes is common ta both
horizens.

Sudanomecarina sinindica Zane —This zone occupies the
topmost part of the Parahio Formation in the Purni | section
in the Zanskar Valley (Fig. 6). Sudanomocarina sinindica n. sp.
is the most common taxon, and has been collected from 6
beds, with its lowest observed occurrence at 500.32 ., where it
is associated with Peronopsis acadica and Eosoptychoparia sp.
Its highest observed occurrence is at 510.04 m in the section,
Other species that also characterize the zone include Proasa-
phiscus simont 0. sp. and Hundwarella memor?, both of which
occur within the range of the eponymous species. Sudanamo-
carina is known from the upper Piypchagnostus gibbus Zone
through the basal Lejopyge laevigata Zone in South China,
Wh]Ch 1s eqmvalent to the uppermost Tal_uangmn through
opinns Zom: in Queensland which corresponds to the upper
part of the P. aravus Zone of South China, and to the
Crepicephalys Zone in North China, which roughly corre-
sponds to the P gibbus and P, atavus zones of South China.
This suggests a correlation of the Sudanomoacaring sinindica
Zone with the uppermost Taijiangian plus the overlying
Wangcunian stages of South China or the Floran and
Undillian stages of Austraiia (Shergold et al,, 1985) (Fig. 7).
The occurrence of Proasaphiscus in the eqnivalent interval in
both South and Worth China supports this correlation.
Perorapsis acadica has its upper boundary within this interval
(Robison, 1993).

Lejopyge acantha Zone.-—The Teta Member of the Karsha
Formation in Kuru 1 section (Fig. 5) includes the most diverse
trilohite assemblage vet known in the Himalaya, and is
dominated by the presence of agnostoid taxa (Fig. 6). The
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agnostoid fauna collected includes Ammagnostus sp. cf. A
laiwuensis (Lorenz, 1906), Clavagnostus trispinus Zhou and
Yang in Zhou et al., 1977, Diplagnostus planicauda (Angelin,
1831), Diplagnostus sp., Hypagrostus brevifrons (Angelin,
1851), Lefopyge acantha Robison, [984, Pseydophalacroma
ovale Yang, 1982, Prychagnostus aculearus {Angelin, 1851},
Tomagnostella exsewlpta (Angelin, 1831}, Uragnestus neglectus
Jago, 1976a, and Valenagnostus imitans? The associated
polymerid trilobites in our new collections include Chatiania?
Sp., Fuchouia bulba Peng et al. 2004a, Koldinia odelli n. sp.,
Himalisania sudani (Jeli and Hughes, 1997), Neognomocarella
astarica Hsiang in Egorova et al., 1963, Torifera jelli n. sp.,
Parablyckwelderia jimaensis (Yang in Lu et al,, 1974a), P,
sheridanorum (Jell and Hughes, 1997), and P. yangi? This
fauna is clearly age equivalent to the Lejopyge luevigata Zone
of South China (Peng and Robison, 2000; Peng et al.,
2004a,b), and all thesé Himalayan agnostoid taxa'are also
world. This mterval of the Tetd Membc;r of the upper Karsha
Formation is referred to the Lejopyge acantha Zone. As noted
by Peng and Robison (2000), the L. lgevigata Zone of South
China is correlatable with the Solenopleyra brachymetopa
Zone of Sweden (Westergird, 1946}, and te the lower part of
the revised L. lgevigata Zone of Sweden, into which the
Swedish S. brachymetopa Zone has recently been merged
{Axheimer et al., 2006). Globally, the Himalayan Lejopyge
acantha Zone can be correlated with the basal part of
Guzhangian Stage as the base of the stage coincides with the
FAD of Lejepyge laevigata (Peng et al.,, 2009) (Figs. 7, 8).

Proagnostus bulbus Zone.—-The Surichun Member of the
Kurgiakh Formation constitutes the Proagnestus bulbus Zone
(Fig 6). The KH3 collection from the Surichun La nulla
section, north of Kurgiakh, Zanskar Valley, vields a diverse
fauna with Bultagnostus rakuraensis {Kobayashi, 1935},
Clavagnosius calensis Rusconi, 1950a, Diplagnostus planicandn
(Angelin, 1851), Fuchouia oratolimba Yang in Zhou et al,
1997, Goniagnostus spiniger (Westergdrd, 193!)(see lell and
Hughes, 1997, Peng and Robison, 2000), Goniagnostus sp.
indet., Himalisania sudani (Jell and Hughes, 1997}, Hypagros-
tus parvifrons (Linnarsson, 1869), Lejopyge aeantha Robison,
1984, Lejopyge armara (Linnarsson, 1869), Lejopyge calva?,
Lejopyge sp., Parablackwelderia  sheridanorwm  (Jell and
Hughes, 1997), Schmalenseeia amphionura Moberg, 1903,
Torifera jelli n. sp., Hypagnostus parvifrons (Linnarsson,
1869), Linguagnostus lgerulfi (Brogger, 1878), and Proagnostus
bulbus bulbus Butts, 1926.

Proagnostus bulbus bulbus also occurs 97.44 m above the
base of the Kuru 2 section (in eollection K U2} on the north
side of the Tsarap Lingti Chu, Zanskar Valley.

The eponym suggests a direct correlation to the P. bulbus
Zone of South Chlnd The presence of Fuchouia oratoliniha in
the Proagnostus bulbus Zone of both countries supports this
correlation. The Proagrostus bulbus Zone of South China
corresponds to the traditional Lejepyge levigaza Zome of
Sweden (Peng and Robison, 2000}, which corresponds only to

—

FiGuRE 9—Clavagnostidae from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. 7,2,
Clavagneosts calensiy Rusconi, 1950a, cephalon from shale collected at KH2 jocality in Surichun La nulia, Surichun Member, Kurgiakh Formation,
Zanskar, WIHGFG3S, %15, 3-5, Clavagrostus trispinus Zhou and Yang  Zhow, Liu, Mo!‘.g, and Sun, 197? from limestane at 36.335 m (K U4 collection)

above base of the Kuru | section opposiie
WIHGETO1. %13, 4, 3 pyvadivm, WIHGF6S7A and -6978, x11.8

Jago, 1976 from lmestone coilected at 3603 m above base (KU coileciicn)
Formation, on the north side of the Tsarap Lingt Chu. 671, 13, /4, 17, ceph
%29.5; 11, WIHGF&09.4,
ia, WIHGES09 6, xA42, 15, Py ghdium WI}IGHU/. 2, %359 77, WIHGFe(9.3. x1i 75 /8, pygidinm (Jabeied - ;1)

®36.25, 8 WlHGE&Q?.li ®43.5; M, WIHGFR09.13,

i4. WIHGEFI007, =22, /5, twa p

Kutu, Teta Member. Karsha Form :mon an the nocth side of the Tsarap Lisga Chuo. 3, cephaton,
4, WIHGF6T9A: 3

. latex of counterpart, WIHGF679B, 6 /84, Llagansms Hegleclus
ove base of the Kurg 1 section opposite Kuru, Teta Member, Karsha
ta: 4, WIFIGF609.10, =32 7, WIHGF602 8, x37.3; 8§ WIHGFRG9.2,
=137, 12, pygidium, WIHCGFED. 6, X34 .25; 2, WIHGFGO‘) 7, ®33.5;

WIHGEE0S. 3, with cephalon of Hypagnoshis brevifrons WIHGI60S.14. (labeled ‘B >-<'*" 3.
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the upper half of the expanded Lejopyge laevigata Zone
(Axheimer et al., 2006) (Figs. 7, 8).

Significant additional materigl from these sections—The
record of Paranomocarella conpunctiva (Reed, 1910) within a
“limestone conglomerate” near “Changnu  Encaimping
Ground” near the confluence of the “two main branches of
the Parahio River” (Hayden, 1904, p. 17; Reed, 1910, p. 46) is
problématical. We take this location to be where the Parahio
River meets the Sumna River. Our collections PO11-PO14 were
from a limestone outérop on the south bank of the Parahio
River near this point, but no limestone conglomerate was
récorded thére or anywhere in our stratigraphic analysis of the
Parahio Formation. Furthermore, specimens collected fromi this
level are cledrly older than rocks elsewhere that bear Para-
nomocarella ot Szeaspis. The only conglomerate that we have
seen in the Parahio section is the Thango Formation itself,
which is made up of locally derived clasts (Myrow et al. 2006a).
The most parsimonious explanation is that the three specimens
of Paranomocarella conjunctivis were derived {rom a clast within
the Thango conglomerate, which accounts for the anomalously
‘young age of these specimens compared to those known from
Hayden’s measured section. This is also consistent with our
estimate of the age of the top of the Parahio Formation in
Zanskar, which is younger than the top of the Parihio
Formation in the Parahio Valley but older than the base of
the known stratigraphic range of Paranoimaocarella and Szeaspis.

We were unable to relocate the site of Kumar's (1998)
¢ollection from the Kurgiahk region of the Zanskar Valley
but, on the basis of inspection of the published [gures, we
consider it to contain Peronepsis acadica, Eosoptychoparia sp.,
and undetermined proasaphiscid and kooteniid trilobites.
From this assemblage, and the location reported, we consider
it to be stratigraphically situated within the interval spanning
the lfranvleesia butes level to the Sudanomocaring sirindica
Zone. From Kumar's (1998) description his locality may have
been close to the site of cur KH2 locality.

REGIONAL CORRELATION

Our refined biostratigraphic scheme accords with the general
scheme presented by Jell and Hughes (1997), Hughes (1997) and
Hughes and Jell {1999), and an updated, integrated review of
the Cambrian biostratigraphy of the Himalaya will be
published after we complete further systematic work on
material ffom elsewhere in the Himalaya, Here we comment
on the relationiship between the Cambrian fauna of the Parahio
Valley and that of the Pohru Valley 6f Kashmir, as this has
recently been debated (Parcha, 2003a,b, 2006; Hughes, 2006).

With regard to the age of the youngest Cambrian Kashmiri
faunas, regional correlations suggest that all Kashmiri taxa,
including. the damesellid material (Shah and Sudan, 1983,
1987a) and that deseribed by Jell (1986) pre-date the level at
whichi Lingudgnostus reconditus first appears. As the FAD of
L. recondins defines the base of the traditional “late
Cambrian”, no *late Cambrian” trilobites are yet known
from the Tethyan Himalaya of India. Hence, this conclusion
applies not only to the Parabio Formation in the Parahio
Valley, which has persistently been considered to range up into
the late Cambrian (e.g. Reed, 1914; Parcha, 2008} but to all
rocks in the Indian Tethyan Himalaya. However, Furongian
trilobites are known from TH-:equivalent rocks in Bhutan
(Hughes et al., in review).

The biostratigraphy of well-sampled sections suggests that
morphologically distinctive, euryiopic, and geographically wide-
spread trilobites from the Mutunus Formation in Kashmir such
as Tonkinella breviceps and Bailiella lantenoisi are younger than
the Paramecephalus defossus Zone of the Parahio Formation,
and likely correlate with the Oryctocephafus salferi Zone or

Tranoleesia butes level in the upper part of the Parahio
Formation. This coticlusion, first proposed by Jell and Hughes
(1997), is snpported by recent detailed work on the Cambrian
stratigraphy of South China (Yuan et al., 2002) and other areas
{(Sundberg, 1994; Gozalo et al., 2003). Hence we reject the recent
reassertion (Parcha, 20033, 2006) of the view that trilobites from
the lower part of the Nutunus Formation indicate tgmporal
equivalence to the lower part of the Parahio Formation.

The occurrence of trilobites in Spiti and Zanskar is
restricted to relatively narrow stratigraphic iftervals within
the unusually thick successions that resulted from deltaic
deposition. Sampling intervals. within such successions are
expected to be restricted to narrow horizons of locally variable
age. Hence, temporally sporadic preservation of trilobite-
bearing facies likely contributes to the apparent “patchiness”
of the local biostratigraphic record. In this context the absence
of T. breviceps and B. lantenoisi in the Parahio Valley section is
unremarkable, and may not requiré marked biofacies differ-
entiation between the Kashmiri and Parahio Valley sections
that has been invoked by some authors (e.g. Shah, [993).

FAUNAL PROVINCIALITY

Tabulation. of genera and species.from Zanskar and Spiti in
the context of global occurrence (Table 1) conlirms differences
in the geographic ranges of the agnostoid and polymerid
components of the fauna (Jell and Hughes, 1997}, Himdlayan
agnostoid genera were largely cosmopolitan in their distribu-
tion; the diverse agnostoid fauna of the Karsha and Kurgiakh
formations is Guzhangian in age, a time intérval garticularly
known for cosmopolitan agnostoid speciés (Brock et al,
2000). Although apnostoid species-level similarity is highest
with faunas from South China, many of the species are
recognized around the globe, The almost complete absence of
agnostoids from Vietndm and Iran probably reflects the poor
knowledge of the Cambrian faunas from these regions.
Among the eodiscinids, Opsidiens had a sporadic but
cosmopolitan distribution, whereas Pagerid was restricted to
equatorial Gondwanaland.

Most Himalayan polymerid taxa have close relatives
recovered from other regions, and these span a wide
geographic range including Europe, Siberia, Kazakhstan,
and North America. Cosmopolitan polymerid spesies include
Orycétocephalus indicus and Schwnaienseeia amphionura, and
genera such as Redlichia, Prozacanthoides and Torifera, all of
which occur on several Cambrian paleocontinents. A partic-
ularly notable distribution is that of Koldinfa, of which we
have a new species. Other Koldinia species arc kdown only
from Europe and Siberia. Likéwise, the new genus Bhargavia
is known from only the Himalaya and Neorth Amierica.

The great niajority of Himalayan polymerid taxa have
congeners within southern Asia, and thé occurrence of
common redlichiid, oryctocephalid, ptyehopariid, soleno-
pleurid, damgseliid, and lisaniid taxa all evincg équatorial
peri-Gondwanan affinity. Among those Himalayan polymer-
ids confidently assigned to either geherd of speécies, shared
occurrence is highest with South China. Ten ouf of 37 (27%)
Himalayan specids are common to both regiois, aird 24 out of
the 31 (78%) Himalayan genera are also common to both.
This supports a strong faunal link between these areas in the
second and third seriés of the Cambrian System. Although this
high degree of similarity may reflect particular proximity
between these regions, documentation of faunas of this age
from the Yangize block is particularly comprehensive and this
might inflate apparent similarity. Many Himalayan taxa are
also common to North China [3 species (8%) and 17 penera
(53%)] and to Australia {11 genera (34%)]. Thirteen Himala-
yan taxa (either genera or species) found in North China are



HIMALAYAN CAMBRIAN TRILOBITES 13

TABLE /- Distribution of Himalayan Cambrian trilobite genera and species from Zanskar and Spiti. Line signifies boundary between agnostoid and other
trilobites. [talics indicate presence in region of specimens definitively assigned to genera or species, even though Himalayan assignments are questionahle,

“South China _ Notth China Australia Kazakhstan  Siberia  Furope  North America  Vietnam  ltan
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also recorded in South China, 6 Himalayan taxa are found in
both Worth China and Australia and, of these, 5 taxa occur in
these areas and South China. Our results are consistent with
recent arguments (Peng et al. 2004a, b) that the Cambrian
faunas of North and South China arée not as distinctive as was
previously supposed (e.g. Shergold, [988) and also suggest
closer affinity between the Himalaya and both South and
Korth China than with Australia. The apparent absence from
the Himalaya of xystridurids, nepeids, and mapaniids, which
are common in Australia at this time, is notable and consistent
with a higher degree of biogsographic separation between
these regions. However, such cosmopolitan polymerids as
Centropleura are also unknown in the Himalaya, and thus
limited collecting and highly episodic preservation of the
Himalayan fauna remains a plausible explanation for specific
taxon absences, The small number of Himalayan taxa
ogcurring in Vietnam and in Iran must relate partially to
fimited description of faunas from those regions.

The distribution of Himalayan trilobite taxa presented
herein supports the paleogeographical conclusions of Jell
and Hughes (1997), is consistent with recent summaries of
regional paleobiogeography (Chang, [998; Brock et al,
20000, and is in broad agreement with most current
reconstructions of the paleogeography of Gondwanaland
(e.g., Choi and Kim, 2006; Veevers et al., 2007; Torsvik and
Cocks, 2008). The faunal similarities between South China
and the Himalaya mirror the faunal and stratigraphic
sirfiilarities in the first and second series of the Cambrian
System, réviewed by Hughes ét al. (2005), and we suggest a
closer association betwéen South China and the Himalayan
margin than that advocated by Torsvik and Cocks (2008) for
the fourth series of the Cambrnan. Qur resuits are consistent
with the generally accepted view that Australia lay to the
north and east of the Himalayan margin as part of core
Gondwanaland and that South China and North China were
“outhoard” terranes, with closer connections to the Himala-
van region.

SYSTEMATIC PALEONTOLOGY

The taxonoinic section of this work is by Shanchi Peng and
Nigel Hughes and new taxon names should be attributed to
those authors. Terminology follows that of Whittington and
Kelly (1997) with additional terminology for agnostids
following Peing and Robison (2000). Pre-occipital glabellar
length is specified as a comparative measure rather than
glabellar letipth (sensu Whittington and Kelly, 1997) in those
cases in which the occiptal spine is confluent with the posterior
margin of the occipital ring,

Systematic approach.—Mauy of the species described in this
monograph are bdsal libristomate trilobites assigned to the
order “Ptychopariida™, a group widely acknowledged to be
parzphyletie at best, and likely polyphyletic. Trlobites of this
order are common in the three trilobite-bearing series of the
Cambrian System, and the relationships among these trilobites
have proved difficult to resolve. This is commonly referred to
as the “ptychopariid problem™ (Rasetti, 1948; Rushton and
Hughes, 1996) and relates to the fact these trilobites
comimonly differ subtly in the relative proportions or degree
of expression of a rather modest set of characters. This pattern
of vanation, combined with the abundance of members of the
group and elevated levels of intraspecific variation among
Cambrian trilobites (Webster, 2007}, has led to the recognition
of a vast number of ptychopariid genera and species, many of
which are of questionable value.

Resolving the prychoparid probiem presents several chal-
{enges. While we anticipate that considerable synonymy among
Cambrian prychopariid species and genera will ultimately be

justified, in most cases the extent of information available is so
limited that & more conservative approach is appropriate.
Where possibie we have referred our new specimens to well
described species in which the nature of intraspecific vanation,
ontogenetic or otherwise, can be evaluated to some degree.
Where we have recognized new ptychopariid taxa, edch is based
on multiple specimens that are preserved with original relief,
that span a range of sizes and, for ail but two of the 12 new
Himalayan species (whether ptychopariid or not), are based on
more than a single sclerite type.

Repositories —Those listed below include the following:
Cincinnati Museum Center, Cincinnati, Ohio, USA (CMCPY;
Geological Survey of India, Kolkata, India (GSI); Nanjitig
Institute of Geology and Pal-aeontology, Chinese Academy of
Sciences, Nanjing, China (NIGP), and the Geological
Museum, Wadia Institute of Himalayan Geology, Dehra
Dun, India (WIHGF).

Class TRILOBITA Walch, [771
Order AGNOSTIDA Salter, 1864
Family AMMAGNOSTIDAE Opik, 1967
Genus AMMAGNOSTUS Opik, 1967

Type species.— Ammagnostus psamrius épik, 1967, p. 139;
from the Glvptagnostus stolidotus Zone, (FHara Shile,
Queensland, Australia, by original designation.

Diagnosis —-8ee Peng and Robison {2000, p. 25).

Discussion—Peng and Robison (2000) placed Agrosfo-
glossa Opik, 1967, Glypragnostus (Lispagnostus) Opik, 1967.
and Tentagnostus Sun 1989 in synonymy with Ammuagnostus
Opik, 1967 and prowded a revised diagnosis for the genus.
Their generic concept is followed herein.

AMMAGNOSTUS SP. cf. A. LAITWUENSIS (Lorenz, 19086)
Figure 15.4-15.5

cf. dgnostus fallax var. faiwuensis LORENZ, 1906, p. 82-84, pl.

4, figs. 7, 8.
cf. Ammuagnostus lafwuensis (Lorenz); PENG AND ROBISO, 2000,

p. 27, fig. 20. (see for synonymy up to 2000); JAGO AKD

Brown, 2001, p. 8, pl. 2, fipgs. G, K, L; JaGgo, Bao AnD

BAILLIE, 2004, p. 25, (igs. 3B-F; LIERERMAN, 2004, p. 9-10,

fig. 7.

Material—A single pygidium and its external mould
preserved in limestone (WIHGF825B.1).

Discussion—A single pygidium from Zanskar with an axis
that occupies the full length of the acrolobe and with an ogival
posterior that is closely similar to that of Perenopsis gullini
Jago (1976a, pl. 21 figs. 1-9), which was placed iii synonymy
with Ammagnostus laiwuensis (Lorenz, 1906) by Peng and
Robison (2000). The Indian pypidium is left in open
nomenclature as it differs in having more anteriorly placed
posterolateral spines and a more deeply bowed posterior
margin between the spines.

Occurrence—In colléction KUS at 36.05 m above base of
the Kuru I section opposite Kuru on the north side of the
Tsarap Lingti Chu, Zanskar valley, Karsha Formation (Teta
Member); Guzhangtan Stape, Lejepyge acantha Zone.

Genus PROAGNOSTUS Butts, [926

Type species.— Proagnosrys bulbus Butts, 1926, p. 76 (in
part); from the Middle Cambnan of Alabama, by original
designation.

PROAGNOSTUS BULBLS BULBUS Butts, 1926
Figure 15.6, 15.7

Proagrosius bufbus BUTTS, 1926, p. 76 (in part), pl. 9, fig. 12,
not [l. RoBisox, 1988, p. 41, figs. 8.9-815 (see for
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additional synonwmny); PRATT, 1992, p. 30, figs. 8.9-8.15 (see
for additional synonymy); PEGEL, 70()0 p. 1015, 1016, fig.
12.2, fig. 3.1, 13.2; JAGO, BAQ AND BAILLIE, 2004 p- 28,
figs. 3G-Q.

Homagnostuy fussues ROMANENKO, 1988; GOy AND PEGEL,
1997, p. 109-110, pl. 23, fips. 3, 7. 11.
Agnaostid indet., JELL AND Huangs, 1997,

14, 1s5.
Proagnoestus bufbus bufbus BUTTS, 1926; PENG AND ROBISON,
2000, fig. 25, 14-25.21,
not Proggiostus bufbus sinensis (PENG, 1987); PENG AND
RoBlsoN, 2000, fig. 25.1-25,20 (see for additional synony-
my).
New material.—QOne
preserved in shale.
Discussion.—# single exoskeleton from opposite Kuru,
Zanskar lacks maost of the left side and has been deformed
by transverse ecompression. The cephahc lateral border and the
pygidial borders are also partially broken Thu, specimen has a

p. 98, pl. 30, figs.

dorsal exoskeleton (WIHGFob6)

sided pesterog§abel§d that is dnguldr postermrly and bears
a broad and mwa,rd-wpressed F2, and 4 long pygidial axis
with ‘the pesteroaxis slightly cxpanded ‘at the sides with F1
and F2 furrows thal are largely effaced. The transglabellar
furrow (F3) appears to be curved forward, but this, and the
anguldrny of the pasteroglabe]la Is llkely the result of
Prmgnosms bulbus

Additional material including an exoskeleton and a pygidium
described prewously as Apnostid indet. from low in the Kurgiakh
Formation at Kurglakh Zanskar (Jell and Hughes, 1997, pl. 30,
figs. 14, 15), Theé exoskeleton has a transverse glabellar F3 that is
dmgno‘:tm of the subspecies Proagnosius bulbus bulbus.

Oeeurrence.—In shales from collection K3, at an unspec-
ified height in the interval between 97.44 m (KL2 collection)
and J11.2m (I{.Ul co[lectmn) above the base of the Kuru 2
sectipn opposxte Kuru in the Zanskar Valley, and at the
Surichun La nulla site near Kurglakh (KHS) near the base of
the Kurgiakh Formation (Surichun Member); Guzhangian
Stage, Proagnostus bulbus Zone. Proagnostus bulbus (5. 1.) has
a globa!l distribution in Australia, Canada, China. England,
Kazakhstan, Greenland, Russia and the USA; in South China
Proagnostus bulbus is known in the eponymous zong and
ranges up into the lower part of Linguagnostus reconditus
Zone, but the subspecies Proagrastus bulbus bulbus is
restricted almost exclusively to the Proagnostus bulbus Zone,
middle Guzhangian (lower Kushanian) Stage.

Family CLAVAGNOSTIDAE Howell, 1937

Disegyssion—To date this fumily includes only three valid
genera, Clgvagnostus Howell. 1937, Aspidagrosius White-
house, 1936, and Uiagnaestus Robison, 1964, each of which is
regarded as a subfamily of the Clavagnosudde Some genera,
such as Triaduspis and Nakanragrostus, were previously also
assigned to Clavagnostidae but have been transferred to other
families or are regarded as doubtfully assigned. Based on
Clavagnagstus and Aspidagnosius respectwel}, Opik (1967)
erected subfamilies Clavagonostinae and Aspidagnostinae.
This viewpoint was followed by Shergo]d et al. (1990) and
Shergald and Laurie (1997), but was rejected by Pratt (1992)
and Peng and Robison (2000), who favored the family
undivided. In reviving Clavagnastus { Paraclavagnostes) Yang
and Liu in Yang et al., 1991 as a valid taxon and elevating it 1o
a full genus, Jago et al. (2004) established a third subfamily,
the Utagnostinae. Clavagrosius { Paraclavagrostus) was pre-
viously regarded as & junior snbjective synonym of Claveg-
nostus (Peng and Robison, 2000) but is herewith reconsiderad

to be synonymous with Fragrostus (see detailed discussion
below under genus Uragnostys). In following Pratt (1992) and
Peng and Robison (2000}, we maintaiu Clavagnostidae at the
familjal rank and do not recognize subfamilies within ii.

Genus CLavagnosTUus Howell, 1937

Tupe species——Agnosius repandus Westergird /p Holm and
Westergard, 1930, from the upper middle Cambrian of
Sweden, by ongmal designation.

Dmgnasrs —-See Peng and Robijson, 2000, p. 38.

CLAVAGNOSTUS CALENSIS Rusconi, 1950a
Figure 9.1-9.2.

Clavagnastus calensis RUSCONI, 1950a, p. 73, fig. 3; PENG AND
RoBIsoN, 2000, p. 39, fig. 27 {(see for complete aynonymyj

Clmagrmsruv cf.  repandus {WESTERGARD in Holm and
Westerghrd, 1930); JELL AND HUGHES, 1997 (in part),
p. 96, figs. 30.2, 30.3 not 30.1, 30.4- 30.7 [= Clavagnastus
frispinus ZHOU AND YANG i Zhou, Liu, Mong and Sun,
1977].

Clavagnastus sp., JELL AND HUGHES, 1997, p. 96, fig. 30.3.

New material —Qne cephalic external mold (WIHGF633)
preserved in shale.

Discussion.—A single newly recovered cephalon that is
strongly scrobiculate is referred to Clavagnostus cafensis. The
cephaton has a pair of sle,nder possero%&teral border spines,
and bears a firmly incised pregiabeltar median [urrow. The
glabella is anceolate, accuminate in front, and apprqxlmately
three-fifths of the cephalic length thh a centrally- plaged
clongate node, The basal lobes are clearly defined, and
subtriangular in shape. The glabellar posterior is mot well
preserved in this specimen but appears to be angular. Except
for stronger scrobiculation apd the allghtly e,horter propor-
tions of the glabella, the features of this specrmen agreg well
with those of C cafensis. Such dxf‘f‘er#nceh arg minor apd are
regarded as intraspecific variations.

Fhie present specimen is closely similar to C spinosys in
glabellar shape and proportion but differs in the presence of
scrobiculation and in the defined basal lobgs, The glabella in
hoth C. repandus and C. trispinus is more rounded than that of
C. calensis and differs from the condition seen in this specimen.

The specimen illustrated from the same site in the Surichun
La nulla (the site at which the new KH3 collection was made),
Zanskar as Clavagnostus sp. by Jell and Hughes (1997) is
hereby assigned to C ecalensis. The accuminate glabella, the
posterolateral spine, the pattern of scrobiculation, and the
length of the glabella justify this assignment.

A cephalon from the Surichun La nulla site, Zanskar but
attributed to Clavagnostus cf. repandus (Jelt and Hughes, 1997,
fig. 30.2) seems also 1o be conspecrﬁc This specimen is similarly
strongly scrobiculate, bears a clearly delined preglabellar
median furrow, and has a glabella of similar length. As'showed
by the illustration, the glabella in this specimen looks less
acuminate in front and less angular at the rear than our new
material. However, we consider these differences to be the result
of deformation associated with preservation in shate.

Oceurrence —The new collection has a single eranidium of
Clavagnostus calensis in collection KH3 from the Surichun La
nulla section north of Kurgiakh, Zanskar, Kurgiakh Forma-
tion (Surichun Member); Guzhangian Stage, Proagnostus
bulbus Zone. In South China, this species occurs in the
Lefapyge faevigata Zone and possibly also in the Proagrostus
Bulbpy Zone (Peng and Robison, 2000).

CLAVAGNQSTUS TRISPINUS Zhou and Yang in Zhou, Liu,
Meng and Sun, 1977
Figure 2.3-9.5
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FIGURE [—Diplagnostus from limestonc collected at 36.05 m above base (K.U6 collection) of the Kuru 1 section opposite Kuru, Teta Member,
Karsha Formation, on the north side of the Tsarap Lingti Chu, Zanskar valley, Specimens darkened with India ink and coated with magnesium oxide
prior to phot(‘)graphy All likely holaspid, /-70, Diplagnostus p.fmnmuda (Angelin, 1851): /-3, cephala. /, WIHGF1007, %29 25: 2, WIHGF602.3, x31;
3, WIHGEFs02.1, %22 4, WIHGF1018.2, x23.25; 5; WIHGF722.1, x14.75; 6~/, pygidia; 6, WIHGF717, x12.75; 7, WIHGF1018.] x4, 5 8.
WIHGF817.2, X17.15, 9, WIHGF1035, ¥15, T3, 10, WIHGF839, x 15: 11, Diplagnosius sp. indet., WIHGF1017, x23.5.

Clavagrosius trispinus ZHOU AND YANG in ZHOU, LU, MONG
AND SUN, 1977, p. 108, pl. 36, fig. 4; PENG AND ROBISON,
2000, p. 41, fig. 29 (see for complete synonymy).

Clavagnostuy cf. repandus WESTERGARD in Holm and Wester-
gard, 1930); JELL AND HUGHES 1997 (in part), p. 96, figs.
304, 30.5, 20.7, 230.1, 30.6 not 30.2 [= Clavagnostus calensis
RLuscoNI, 1950a.]

New material—Oné cephalon (WIHGF701) and one
pygidium (part WIHGF69TA and counterpart WIHGF697B)
préserved in limestone.

- Distussion.—Peng and Robitgn (2000) rediagnosed and
discussed the species. The significant features that suggest an
assignment to Clavagnostus trispinus for the new material from
the Teta Meniber of the Karsha Formation, opposite Kuru,
Zanskar, include the absence of a preglabellar median furrow
and the presence of a median border spine on the pygidinm.
The giabellar features, including an entire anterigr lobe, a
parallel-sided posteroglabella, a rounded anterior outline, and
an angular posterior end, also support this assignment. Some
of the specimens from the Kurgiakh Formation at Surichun
La nulla compared with Clavagnastus vepandus by Jell and

Hughes (1997, fig. 30.4-30.7) may also be referable to C
trispinus, These specimens are rather poorly preserved, but the
presence of a median border spine on the pygidium (Jell and
Hughes, 1997, fig. 30.5 and possibly also fig. 30.7) prohibits
assignment to (. repandus, as the absence of this feature
distinguishes that species from . itrispinus, Clavagnostis
repandus may differ further in having a less constricted
anteroglabella and a more cléarly defined and moré anteriorly
placed glabellar node.

Occurrence - Dwarm,ulared cephala and pygidia of Clavag-
oSt [rispinus are present in limeéstones from collection KU4,
al 36.55 m above the base of the Kuri 1 séction opposite Kuru,
Zanskar, Karsha Formatdion (Teta Member); Guzhanglan
Stage, Lejopyge acantha Zone. In Zanskar, specimens now
assigned 1o this species have previously been recorded (Jell and
Hughes, 1997) from shales of the basal Kurgiakh Formation at
Surichun La nulla (at the same site as the present KH3
collection) from the Proagrostus bulbus Zone. Clavagnostis
rrispinus 13 known from South China and Greenland, and found
through most of the Lejopyge laevigata and Proagnostus bulbis
zones (Peng and Rabison, 2000). The present report extends its
occurrence to the Tethyan Himalaya.
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Genus UTAGROSTUS Robison, 1964

?1}00 B. 45 {see for synonymy up to 2000) SLOA\T Al\D
LAURIE, 2004, p. 197. '

Clavagnostus "Parac[amgﬂostus) YANG AND LIL in Yang et
al., 1991, p. 102; 1993, p, 132

Pmar‘fmagnostus YANG AND LIU in Yang et al., 1991; JAGO,

Dts:us.sron —C!mczg:wsms (Pamc[amgnas.fm; Yang and
Liu i Yang et al., 1991, also Jago et al. (2004), is here
regarded to he synenymous with Utagnostus, Peng and
Rébison (2000, p. 37) considered the subgenus to be a junior
synonym of CEavagrzasias, but Jago et al. (2004) pomted out
that Elavagrostus ( Paraclavagnostus; is more closely related
to Utagna.ytus The fater authors elevéted the subgenus. to
generic status, and erected a new subfdmlly Utagnostinae Jago
&t al, (7064) 1o a(,commodate Uragnostus and Paraclavagnos-
(Paz‘aclmﬁgnqstus) is nut a synonym of Clavaguosru& and is
clasety allied to Uzczgfzosms but consider it as a junior synonym
of Utagnestus. In their discussion, Tago et al. (2004, p. 31)
emphadized that Paraclavagnostus can be differentiated from
Utagnesius by two featyres: L’Iagwmlus trispuislus, the type
speeigs of Utagnostus, has “a distinct transxerse glabellar
furrow and a longer, more expanding pygldlal axis.” However,
as these features are highly variable within Utagnostus we do
not consider them of value in generic definition. The
ontogenies illustrated from Utah (Robison, [964) and South
China (Peng and Robison, 2000) demonstrate that such
characters vary even within single species. Additional material
from Utal shows that Utgerostus songae, which is character-
ized by a distinet transverse plabellar furrow, has an even
narrower ogival po&taxlal region than Clevagnosius ( Para-
clavagnostus) variatus, the type species of Paraclgvagnostus.
The new material of Utagnostus neglectus, described below
from Zanskar, prowdes further support for the suppression of
Parac lamgnmfus hecause there is variation in the presence or
absence of the transglabelldr furrow, suggesting that one of the
features considered diagnostic for Clavagnostus { Paraclavag-
nostus) 15 an mtraspemﬁc variation in this case. All other
diagnostic features given by Yang et al. (1991) for their genus
seem of no more than specific significance at most. The lack of
a trangverse depression ‘on the posteroaxis and the presence of
a median border spine on the pygidial border are also shared
by Utagnostus.

The cancept of Utagnostus outlined by Peng and Robison
(2000) is followed herein. Utagnostus negleetus, which was
included in [itagrostus but transferred recently to Paracla-
vagnostus (Jago et al., 2004), is here reassigned back to
Utagnostus. Peng and Raobison (2000, p. 45-46) regarded that
the marked reduction of the anteroglabella justified the
assignment of Uragnosrus to Clavagnostidae, The variable
occurrence Of the transverse glabeilar furrow in our new
material of U, neglecnus from Zanskar provides additional
support for this assignment. As mentioned above, we do not
recognize subfamilies within Clavagnostidae and, given the
suppression of Clavagnostus { Paraclavagnostus) as a junior
synonym of Uragnosrus, we further regard the differences
Yetween Clavagnostus and Utagrostus as insufficient to justify
anoiher subfdnuly, and thus reject Utagnostinae.

Oceurrence.-—In additon to the occurrence of Uagnosius in
Utah, Australia (Tasmania and New South Wales). and the
Canadian Rocky Mountains (Robison, 1964; Jago, 1976a. b

Westrop et al., 1996), the genus has also been reported from
South China (Peng and Robison, 2000). This record of U~
neglecrus in Zanskar extends its distribution to the Tethyan
Himalaya. The genus ranges from the Prychagnrostus punictu-
osus Zone through the Proagnestus bulbus Zone (Peng and
Robison, 2000, p. 43).

UTAGNOSTUS NEGLECTUS Jago, 1976a
Figure 9.6-9.18a

Ulagnostus neglectys Jago, 1976a, p. 67, pl. 23, fig. 13
SHERGOLD ANI» LAURIE, 1997, p. 373 ﬁg 235.3¢; PENG
AND ROBISON, 2000, p. 43.

Utagnostus? nevel JAGO, 1976b, p. 5, pl. 2, figs. 9-10.

Paraclavagnostus neglecrus YANG AND LIU in Yang et al,
[991; JaGO, BAQ AND BAILLIE, 2004, p. 31.

Muyterigl —More than 10 disarticulated cephala and pygidia
on one piece of rock (WIHGF602.1-WIHGF609. 13}, cepha-
lon (WIHGF1007) and pygidium (WIHGF1027.2), zll pre-
served in limestone.

Discussion—The disarticulated cephala and pygidia show
the distinctive features that are identical in almost every
respest to those of the complete exoskeleton named Lragnos-
s neglectus (Jago, 1976a, pl. 23, fig. 13, pl. 23, fig. 3) from
Tasmania. The Tasmanian exoskelelon was recently trans-
ferred to Paraclavagnostus by Jago et al., (2004), but the new
material from opposite Kuru, Zanskar ]U:st]'.fieb retaining its
original assignment. Accordlng to Jago et al. (2004) the reason
for excluding U neglectus from Utagnostus is the undivided
glabelia that lacks a transverse glabellar furrow and a
narrower pygidium than that of U, trispinudus, the type species
of Utagnosius. However, the large sample from India shows
that the transverse glabellar furrow is variably present. On
some specimens the furrow is lacking, but on most specimens
it is obscurely, weakly, or even clearly evident (Fig. 9.6, 9.9,
9.11, 9.13, 9.14) The pygidial axis of U. negfectus does not
extend pouenorly as far as in full-grown pygidia of U
trispinulus but agrees well with that of meraspid or early
holaspid specimens of U trispinufys (Robison, 1964, pl. 2, figs.
27, 28; Peng and Robison, 2000, fig. 10). The morphelogy
shown by the new material resembles the type species elosely
and warrants an assignment to Uragnostus.

Utagnosius neglectus and Clavagnostus { Paraclavagnostus)
variarus Yang and Liu iw Yang et al. (1991, pl. |, figs. 4-7) are
here considered to be synonymous. Previously, only a single
specimen or few specimens have been available for eagh
species, and these sugpested a taxonomlcally stgnlﬂcanl
difference in glabellar shape. The former has a lanceolate
glabella that is sharply pointed in front, whereas the glabella
of the latter bears a rounded front and is markedly constrieted
at the anteroaxis. However, the morphology of the glabellae of
both species falls within the variation range evident among the
new material from India, suggesting that C. (P.) variatus
should be suppressed as a junior synonym. We follow Peng
and Robison {2000} in placing Dtagnostm /7 nevel and €,
neglecius in synonymy. Although Jago et al. (2004) recently
argued for the validity. of Utagnasius ¢7) nevel on the basis of a
narrow and more tapered pygidial axis, the large sample of
Indian material suggests that this vaniation occurred intraspe-
cifically.

Utagnostus neglectus characterized the Lejopyge laevigara |
to I zones in Tasmania, Australia (Jago, 1976a, b),
suggesting correlation of those zones with the K6 collection.

Coenrrence ~~Disarticulated cephala and pyeidia of Urag-
nostus oceur in collection KU6 from 36.03 m above base of the
Kuru | section opposite Kuru, Zanskar, Karsha Formation
(Teta Member); Guzhangian Stage. Lefopyge acantha Zone.
This species occlirs in Australia, Canada, South China and the
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United States, ranging {rom the base of Goniagnostus nathorsti
Zone through the Lejopyee laevigaia Zone (Peng and Robison,
2000).

Family DIPLAGNOSTIDAE Whitehouse, 1939
Genus DIPLAGNOSTUS Jaekel, {909

Tvpe species.——Agnostus planicaudg Angelin, 185]: from the
middle Cambrian of Sweden, by original designation. Wester-
gard (1946) and some others have attributed the concept of
this species to Tullberg (1880}, but we follow Jaekel (1909),
Shergold et al, (1990), and Jell and Adrain (2003} in
attributing the concept te Angelin (1831).

Diagnosis —See Peng and Robison, 2000, p. 48.

Diseussion.—7Tell and Hughes (1997, p. 94) pointed out that
Erietagnostus humilis Whitehouse, 1936, the type species of
Erietagnostus, and Diplagnostus planicauda, the type species of
Diplagnostus are synonymous. Peng and Robison (2000), who
discussed both the concepts of Diplagnostidae and Diplagros-
tuy in some lengfh, agreed with Jell and Hughes (1997) in
placing Enetagnostus in synonymy of Diplagnostus and further
sitppressed Tusagnostus Jago, 1976a as a juuior synonym of
Diplagrmostus. We follow the generic coneept of Peng and
Robison, although Jago and Brown (2001, p. 9} and Jago and
Bentley (2067, p. 288) argued for the validity of Tasagnostus
and regarded the genus as a possible ancestor of Oidalagnos-
tus. Onitogenetic series of Qidalagnostus (Peng and Robison,
2000, fig. 42) shows that beth genera differ in axial features,
both in cephalon and pygidium, and in border zonation. The
céphalic morpho ogy of the Diplagnostidae is conservative
and there is little differencé among genera and species. The
pygidia, however, are distinctive, Jago and Bentley (2007) also
considered Tasagnoextus to differ in lacking a median sulcus on
the anterior lobe of the glabella, and in having a pair of
transversely elongated pits that merge into a well incised
furrow on the posteroaxis. However, the absence of a median
suleus ddes not justify generic differentiation, because this
character varies within diplagnostid genera. In Linguagnostus,
for example, the sulcus is notably developed in L. kjerulfi but
absent in L. paibiensts (Peng and Robison, 2000, figs 38, 39).
The paired pits that form the transverse depression vary
similarly in Ptychagnostus: the type species P. puctuosus bears
the transverse depression, but other species lack it (Peng and
Robisoh, 2000, figs 49—55) Accordingly, we deem neither
character to be of generic significance.

Diplagnostuy 1s characterized by having a zonate pygldlum
that bears well developed furrows and a pair of posterolateral
spines. The pygidial axis is constricted slightly at M2 and has a
large ridge-like meédian node ori M2 or on the anteroaxis. The
posteroaxis, which is ogival in shape, is longer than the
anteroaxis.

DIPLAGNUSTUS PLANICAUDA (Angelin, 1851)
Figure 10.1-10.10

Agnostus planteaude ANGELIN, 1851, p. 7, pl. 6, fig. 9.
Enetagnostus humilis WHITEHOUSE, 1936, p. 91, pl. 8, figs. 17~

15,

Diplagnostus of. hwmilis (Whitehouse), WHITTINGTON, 1986,

p. 174, pt. 20, figs. 4-5.

Dilvlagfiﬂsrus p!am‘cauda (Angelin); JeLL AND HUGHES, 1997,
92, pl. 30, figs. 8—13; PENG AND ROBISON, 2000, p. 49, fig.

35 (see for complete synonymy by 2000); AXHEIMER AND

AHLBERG, 2003, p. 144, figs.

4A-D.

New marerial -~Ten disarticulated cephala (WIHGF602.1,
WIHGF602.3, WIHGF772.1, WIHGF1007, WIHGF1018.2}
and pygidia (WIHGF717, W'IHGFSI?.2, WIHGF3839,
WIHGF1018.1, WIHGF 1035} from iimestone.

3 ' 4
FIGURE [I—Baliignostis rakuroensis (Kobayashi, 1935) from shales
collecied at the K2 and KH3I localities of Zanskar. /-3, ffom the
Surichun Member Kurgiikh Formation, Surichun La nul]a, Zanskar
valley: £, 2, WIHGF641 KH3, ®16: /. retcodeformation showing inferred
strain ellipse; 2, original dorsal exoskeleton; 3, uepﬁalon WIHGF637,
KH3, retrodeformation showing inferréd swauin éllipge, %1525 4,
pygidivm, WIHGF633B, KH2, from the uppérmost Parahio Farruation,
east of Kurgiakly villuge, X14.75.

Discussion.——Peng and Robison (2000) discussed intraspe-
cific variation within this spec:les The diagnostie chiracters of
Diplagnostus planicauda specimens from Zanskdar are: the
median preglabellar furrow finmly inciséd, transglabeflar
furrow transversely sinuous or curved d'mei'ior'ly, meédiah
node elongate, M2 slightly expanded, F2 weakly impresséd;
pygidial F1 firmly impressed, F2 moderdtely impressed, axial
node elongafe to cylindrical, terminates just posterior of F2;
anterior border ridge wide {(ir.), pently curved. distiiict from
postériar border ridge; posterolateral spines weakly developéd
or absent.

Diplagrosius planicauda displays variation in the length of
the cephalic border turrow. Thé materal illustrated from
Zanskar by Jell and Hughes (1997) has a relatively long (sag.}
border furrow, but there is considerable variation in this
length among the Hunan material illustrated by Peng and
Robison {2000). The cephala from opposite Kuru, Hiustrated
here, have # sho#t cephalic border furrow. In contrast to the
Chinese material, the Zanskar specimens have a more
anteriorly rounded glabells and show more variation in the
length of the auxiliary furrow. The anterior of the glabélla of
the specimens illustrated by Yang et al. (1993 and Peng and
Robison (2400 is quadrate or subquadrate, while the Zanskar
material reported here and by Jell and Hughes (1997) has a
more anteriorly rounded glabella.

Occurrence.—--New material includes disartieulated cephala
and pygidia of Diplagnostus planicauda Angelin, 1851 from
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36.0% m above base (KU6 collection) of the Koru 1 section
oppasite Kuru, Zanskar, Karsha Formation (Teta Member);
Guzhangmn Stage, Lejop}ge acantha Zone. In Zanskar this
species has previeusly been recorded (Jell and Hughes, 1997)
from shales of the basal Kurgmkh Formation at Surichun La
nu[la [at the same slte as to the present KH3 collecl:on), wh1ch

(I‘f:ng and Robnon, 20(1{3)

DIPLAGNOSTUS sp. indet.
Figure 10.11

Diplagnoslus 5p., PENG AND ROBISO\' 2000, p. 30, ﬁg 36

Drscmsmn -—~A smgle pygidlum, also frorn the KU6
coll_cct;on resembles the pygidia assigned to D_Lplagnosms sp.
from South China in having a sinuous anterior ridge on the
zonate posteriar border and & proportionaily short ‘axis that
bears a tiny secondary node on the terminal postaxis. A minor
difference is that the Zanskar pygldlum has a slender and more
evenly tapered ‘axis. This specimen is possibly an aberrant
form of D. planicauda.

Orcurrence -—In collection KU6 from 36.05 m above base
of the Kuru 1| section opposite Kuru, Zanskar, Karsha
Formation (Teta Member), Guzhangian Stage, Iejopyge
acantha Zong.

BALTAGNOSTLS Lochman in Lochman and Duncan, 1944

Type species.— Proagnostus? centerensis Resser, 1938b,
p. 48, pl. 10, figs. 18, from the middle Cambrian Conasauga
Grounp of Alabama, by eriginal designation.

Biggnasis.—See Peng and Robison, 2000, p. 50

Discussion.—We follow Shergold and Laurie (1997) in
recognizing Baltagnostus and Pseudaperonopm as distinet
genera, FPseudoperonopsis dlffera in lackmg a zonal posterior
border of the pygidium, which is a synapomorphy of
Diplagnostidae. Robison (1964, in Jell and Robison, 1978)
and Peng and Robison (2000) discussed the generic concept of
Baltagnastus, which is followed herein. The genus is charac-
terized by a variably expressed median preglabellar furrow, an
unsegmented or weakly segmented pygidial axis with a
crescentic pygidial posterior border that is either commonly
zonate with a collar or simplimarginate, and has a pair of
posterolateral spines.

BALTAGNOSTUS RAKUROENSIS (Kobayashi, 1935)
Figure 11

Agrostis rakuroensis KOBAYASHI, 1935, p. 103, pl. 14, fips. 17,
18; pl. 21, figs. 1. 2.

Pseudoperonopsis syrma OPIh 1979, p. 44, pl. 11, fig, 7.

Psendgperonapsis oncisg OPIK (in part) 1979, p. 45 pl. 11, fig.
5 only.

Peronopsis uamungemts {RESSER AND ENDO,
[980, p. 485, pl. 200, figs. 9, 11,

Baltagnostus mkumemzs (Kobayashi): ZHANG AND JELL,
1987, p. 3940, pl. 1, figs. 1-15; pl. 2, figs. [-6, & pl 3,
fig. 10 (see for Syn,onymy). '

Pseudpperonopsis rafcumensr‘w (Koba}ashi] Sun, 1989, p. 8§,
pl. 6, fig. 16; pl. 7, figs. 1-7; Guo, ZAX AND Lo, 1Q96
p. 45, pi. 1, flE: »16 pl. &, ﬁgs 7-12.

Balmgrmlﬂa-s cf. rakuroensis (Kobavashi) JELL AND HUGHES
(in part), 1997, p. 57, pl. 16, figs. 2-5, non fig. i [=Per-
onopsis doadica (HARTT in Dawson, [868)].

1937); NAN,

New marerial —COne exoskeleton (WIHGF641), one cepha-
lon (WIHGF&37) and cne pygidium (WIH(‘PGT%B) all
sirongly deformed.

Dmussmnw()ur material bEdI‘S scroblcles whercas some
Zhdng and JeIl 1987 pl 1, ﬁgsl 4 J) However mtraspectﬁc
vanauon m \‘ha pres -,e of qrrnhml?s m e‘lldf’nf wqhm

Ptychagnmruxatmus(see Robﬂon I984 ﬁg 11) Two airs of
lateral furrowq are present on gidial axis in the Zgnsk.an
material, as in Some specimens ‘from North China (,Zhang and
Jell, pl. 2, fig. 8). Specimens assigned by Jell and Hughes
(1997) to Bultagrostus of. rakyroensis from Kashmir may
belong to different species. The single ce,phalon that was
compared by Kobayashi (1934, pl. [, fig. 1) with Korean
Agﬂosms rakw@mszs Kobayashz 1933 15 here cons1dercd

Pohru Val]ey, Kaahmlr are probdbly not conspemﬁc w1th
Kobayashi's cephalon but are assignable to Baltagnestus
rakuroemss because [hese specum:ns uompare well in both
B rakuroenszs trom Korea, as well ‘as the spééiﬁleﬁﬁffom
North and Northedst China (Zhang aud Jell, ]987) These

The new matemal “from Kuru, Z.anskdr u also
mkuroensrs Although the spemmens are

the mub
asmgned to B.
from T\utunus Kd&hmlr

Occurremce wIn coli&ctions KH’? and KH3 from near
quite l‘ngh upon the south- fax,mg slopes east of the village
along ‘the Zanskar valley, and is from the npper part of the
Parahlo Formation. KH3 is from the Surichun La nulla
section north, of Kurelakh Zanskar: Cuzhangia,n S‘tage,
Praﬂgnasrus bulbus Zone, Another Indian occurrence is at
about 1.5 km west of Nutunus, Pohru Valley, Kashmir. This
spetics is alse known from th¢ middle Cambrian of North and
Northeast China, North Korea, and Australia,

Family PERONOPSIDAE Westergird, 1936
Genus PERONOPSIS Hawle and Corda, 1847

Perongpsts HAWLE AND CORDA, 1847, p. 115,
Mesagnosius JAEKEL, 1909, p. 397.
Acadagrostus KOBAYASHL, 1939, p. [13.
Axaqgnostus LAURIE, 1990, p. 318,

Type species.—Bgttus integer Beéynch, 1845 from the
Paradoxtides gracilis Zone of Czech Repubhc (Bohem1a) by
monotypy.

_ Diggrosis.-—Ses Robison, 1994, p. 42; 1995, p. 302.

Discussion.—Reobison (1994, 1995) discussed the concept of
Peronopsis and eoncluded that it is preferable to adopt a broad
concept for the genus tha§ can aecommodate a variety of
agnostoids with phylogenetically basal characters. A number
of genera including Acedagnostus were suppressed as syno-
nyms of Peronopsis (Robison, 1964, 1994, 1995). Several
specias of Acadagnostus were deqcnbed from Kashmir and
Zanskar in Ladakh (Shah and Sudan, 1987a; Shah et al., 1996)
and have been synonymized by Jell and Hughes (1997) with
Rafragnostus cf. rakuroensis. In following Robison’s concept
most of these species are now reassigned to Peronopsis.

PERONOPSIS ACADICA {Hartt in Dawson, 1868)
Figure 12.1-12.12; Figure 15.12, 15.13



G ET AL

PEN

20




HIMALAYAN CAMBRIAN TRILOBITES 21

Agnosius geadicus HARTT in Dawson (in part), 1868, p. 655,
pl. 5, fig. 229 (eephalon oenly).

Peronopsis ¢f. tramitis QPIK, 1979; SHAH AND SUDAXN, 1987a,
p. 49, pl. 1, figs. a, ¢, d, p; text-fig. 1b, d.

Peronopsis amplaxis Ropisow, 1982; SHAH AND SUDAN,
1987a, p. 52, pl. 1, figs. b, h, r; text-fig. 1f, 1k

Perongpsis sp. A; SHAH AND SUDAN, |987a, p. 55, pl. 1. fig. &
text-fig. 11,

Peronopsis sp. B, SHAH AND SUDAN, 1987a, p. 56, pl. |, figs. £,
i; text-fig. la, h

Acadagnostus acadicus (Hartt), SHAH AND SUDAX,
p. 57, pl. L, fig. m, text-fig, {I.

? Aeadagnostus scutalis (SALTER in Hicks, 1872); SHAH aND
SUDAN, 1987a, p. 38, pl. 1, figs. e, n; text-fig. lc.

? Acadagnostus sp., SHAH AND SUDAN, 19874, p. 58, pl. 1, fig.
[; text-fig. 1j.

Pentagrostus cf. anabarensis LERMONTOVA, 1940; SHAH AND
Sunan, 1987a, p. 59, pl. 1, fig. i; text-fig. lg.

Peronopsis acadica (Hartt); ROBISON, 1995, p. 302--305, figs.
1.1-1.3 (see for synonymy),

Diplagrostus sp., SHAH, PARCHA AND RaINA, 1995, p. 221, pl.
L, figs. g, 1, |. k, Th; pl. 2, figs. b, f. h: text-fig. 1d, e, £

? Acadagnosius scutalis (Salter), SHAH, KUMAR AND SUDAN,
1996; p, 932, figs. 2.1, 2.2, 2.5,

Peronapsis tramiris OPIK, 1979; SHAH, KUMAR AND SUDAN,
1996, p. 952, figs. 2.8-2.10, 2.21.

Perosopsis cf. longingua OPIK, 1979; SHaH, KUMAR AND
SuDan, 1996, p. 952, fgs. 2.7, 2.11, 2.17.

Peronopsis ( ltagnostus) cf. elkedraensis (ETHERIDGE JR.,
1902); . SHAH, KUMAR AND SUDAN, 1996, p. 352, figs. 2.14,
2.16, 2.19.

Peropopsis sp., SHAH, KUMAR AND SUDAN, 1996, p. 952, fips.
2.22,2.24, 2.15.

Peronopsis amplaxa ROBISON, 1982; SHAH, KUMAR AND
SUDAN, 1996, p, 952, figs. 2.3, 2.4, "6,2 13.

Biplagnostus floralis OPIK 1979; SHAn, KUMAR AND SUDAN,
1996, p. 952, figs. 2.18, 2.23.

Doryapnasins magister WHITEHOUSE, 1936; SHAH, KUMAR
AND SUDAN, 1996, p. 952, figs. 2.12, 2,15, 2.20.

Baltagnostys of. rakuroensis (Kobayashi), JELL AND HUGHES
(in part), 1997, p. 57-58, pl. 16, fig. 1 only.

New material —One exoskeleton (WIHGFR70.3), and more
than 10 disarticulated cephala (WIH(GF134.2, WIHGF38!,
WIHGF587.1, WIHGF870.4, WIHGF873.2, WIHGF§74.3,
WIHGF10]3 WIHGF1014, 2) and pygldla (WIHGF139,
WIHGF606, WIHGFG’S WIHGFg74.1), all from siltstones,
all deformed.

Discussion.—When examining the type material of Agnostus
acadicus Hartt, which includes a cephalon and a pygidium,
Robison (1995) regarded each syntype to represent a separate
species. The cephalon was chosen as representative of
Agnosies acadicq, and the syntype pygidium was reassigned
to Hypagnostus parvifrons. As rediagnosed, Agnostis acadics
is characterized by having a relatively long and wide pygidial
axjs that bears an acutely angolar end. Species including

1987a,

Peronopsis fallax are regarded as junior synonyms. The new
matenal from 1nd1a is poerly preserved but the obqerved

fedtures mc}ude a subquadrate cephahc outime g glabella w1th
the anterior lobe rounded anteriorly, a straight or slightly
rearward-bowed transglabellar furrow (T3), a subcylindrical
Do.\,[emalabelld with a roynded posterior end, simple basal
lobes, a wide pygldlal axis that is pomted postenorly and
slightly constricted at M2, with a short pastereaxial median
furrow, and a relatively broad horder furrow in both cephalon
and pygidium.

- Peronopsis-like agnostoids from Zanskar and Kashmir were

assigned to a diverse arfay of species, some of which were
referred to derived genera (Shah and Sudan, 1987a; Shah et
al., 1996) We consider that these agno:tmds are from the
that most of thern bear close snml.mty w;lh the new materlal
referred here to Peromopsis acadica. Accordmgly, [hey are
transferred to P amdzm above.
{148 raimroensts Kobayashl, whlch I$ alac known from Zanskar
and Kashmir, in its cephalic hhape and other features, buf it
lacks # median preglabellar. furrow. on the cephalen and the
dsymmetncal coltar on the pygjdium The latter differs further
in having an angular rather than rounded posterior end of the
glabella. Given the lack of a preglabetlar median furrow,
collar, and the nature of the glabella, we place these Indign
specimens in P. acadica. For a more comprehenswe diseussion
of P acadica see Robison (1994, 19935).

Occurrence—WNew, disarticulated specimens of Peronapsu
acadica (Hart, 1372} are from siltstones and shales from
50032 m (PIl4 collection), 501.72m (PIl5 collection),
504.04 m (PI20 and PI21 collectionst and 510.04 m (PI[7
cellection} above the base of Purni Valley section 3, Parahio
Formation, en east side of the Tsarap River, south of Phuktal
Gamps, - Zapskar valley, Sudmnomocaring sinindica Zeong,
uppermost part of the informal plobal Stage 5 of the
Cambrian S¥stem (or upper Tayiangian Stage as used in
South Chma) This spgcies has a global distribution in the
middle Catiibrian with a composite range from the P!}f‘f’!ﬂg-
unestus praecirrens Zone to the Piychagnostus puncruosus £one
(Robison, 1954).

Genus HYPAGNOSTUS Jackel, 1908

Type species—Agnosius parvifrons Linnarsson, 1869 from
the middle Cambrian of Sweden, hy original designation.

Biagnogis~—See Peng and Robison, 2000, p. 60,

Discussion—The genus Hypagnostus is characterized by the
effacement of the anteroglabella, the lack of inter-ring furrpows
and spines on the pygidium and the presence of a weak median
node on the pygidial axis. Species of’ Hypagnastus are variable
and many chargcters have been used to define them. It has
been suggested by Peng and Robison {(2600) that varlabihty
within the genus has led to the group being taxonomically
over-split.

—

F1GURE {2--Perenopsidae from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide ptior to photogeaphy. /-
{2, Peronepsis acadicq (Hartt in Dawson, 1868) from shales coilected at 500.32 m (P114 collection), 501.72 m (PIL35 eollection). 502.04 m (P16
collection), 564.04 m (P12} colicetion) and '510.04 m {PI17 collection) above base of Purni Valley section 3. Parahio Formation, on east side of Tsardp
River, south of Phuktal Gompa, Zanskar valley, Al holaspid. /-6, cophata: /, WIHGF1013, P115, <"D 2, WIHGF387.1, PYi4, 9.5, 3, WIHGFR73.2

P121, =13 4, WIHGFR734, P2, X185
WIHGF139, 115, 9,25, 6,J1, doraa! shield, WIHGF&70.3 , PIZ1, >(26
PI21.

L WIHGFS70.4, PR21. %11.5; 6 WIHGF%74.3. PIE] %27 .3
L erigizal; /0, retredefermatxon with in
«l4. 12, \-\IHGFI&O& PilS, %125 /322, Hy, sagnasfm brevify rans (Anffehn 18513 from hmestore collected at 3603 m abeve base (KUG

7.8, 11, 12 pygidia: 7. WIHGF628, PHI7. x&: &
interred strain elipse. /7, WIHGFSTA.1,

cofiection) of the Kuri | section opposite Kuru, Teta Member, Karsha Formation. on the north side of the Tsarap LlrgL Chu, Zanskar vailey: /3, 14,

[6-18, cephala: /2 WEIHGFe121, %175

i4, WI'HGFGIZB:, xRS 15 jO-22

WIHGFio19.3, x{4: 18 WIHGFI027.1. x12; /% WIHGF728 «10.73 20 WIHGE732, ©&25 27, WIHGF726.2,

WIHGF?26.1, =11 /7,
<22, WIHGET24, %9, 73

praidia; 75, WIHGE?19, =11.75:
%1175
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FIGURE [3—Ptychagrosiuy aeuleatus (Angelin, 1851) [rom limestone
collected & 36.95 m above base (KU6 collection] of the Keiu | section
opposite Kuru, Teta Member, Karsha Formation, on the north side of the
Tsarap Lingti Chu, Zanskar valley. Specimens darkened with Indiz ink
and coated with magnesium oxide prior to photography, All holaspid

excépt for 1. J-4,7, cephala; 5. 6, & U pyeidia. J, meraspid,
WIHGF1017.2, x27; 2, WIHGF1037.2, %R.5; 3. WIHGF696.2, %9.75;
4, WIHGF602.4, xX10.25; 5, WIHGF727.1, x10.25; 6, WIHGFI(10.1,
w14.5: 7, WIHGFI008.2, x11: & WIHGF1033, x8.6; 9, WIHGFB17. X8,

HYPAGROSTUS BREVIFRONS (Angelin, 1851)
Figure 9.18b; Figure 12.13-12.22, Figure 15.10

Agnostus brevifrons ANGELIN, 1831, p. 6, pl. 6, fig. 4.
Hypagnostus brevifrons (Angelin), PENG AND ROBISON, 2000,

p. 63 (see for synonymy up to 2000); JAGO AND BROWN,

2001, p. 8, pl. 2, H.

Marerial -——Over 10 disariiculaied cephala (WIHGF609.14,
WIHGF612.2, WIHGF612.3, WIHGF726.1, WIHGF1019.1,
WIHGF1027.1) and pygidia (WIHGF602.2, WIHGF719,
WIHGF724, WIHGF726.2, WTHGF728, WIHGF732).

Discussion.—The characteristic features of the Indian
specimens referable to Hypagnostis brevifrons are: cephalic
F3 uniformly curved; pygidial axis parallel-sided or slightly
constricted at M2 with a median axial node and a bluntly
rounded posterior end, axis of variable length; median
postaxial furrow present, variably impressed.

Hypagnostus brevifrons 1s similar to H correctus, also
reported from the Himalaya (Jell and Hughes, 1997), in all
cephalic features. Following Peng and Robison {2000, p. 62),
we consider H. correctus to be a junior synonym of the
variable species H. parvifrons. The pygidium of H. brevifrons is
distinguished from type specimens of H. correctus by havirg a
more posteriorly rounded axis. In the original species
description of H. correctus Opik (1967) used the presence of
a median postaxial furrow to distinguish H. correctus from H.
brevifrons. However, Peng and Robison (2000) observed that
in rare specimens of H. brevifrons a median postaxial furrow is
present, The new specimens from opposite Kuru are placed in
that species because of the rounded shape of the pygidial axis
along with the median postaxial furrow. More generally,
Hypagnostus parvifrons 1s distinguished from H. brevifrons in
several cephalic and pygidial characters: the cephalic F3 in £
parvifrons forms a low-angle chevron shape, while in H.
brevifrons F3 is uniformly curved, The pygidial axis in A
parvifrons 1s acuminate but H. hrevifrons has a blunt pygidial
axis. Of the specimens assigined by Jell and Hughes (1997) to
Hypagrostus correctis we consider that only the specimens
illustrated in their plate 29 figs. 1 and & belong to this species.
The other specimens are better referred to species of Lejopyge.

Occurrence.~All available specimens of Hypagnostus brevi-
Sfrons Angelin, 1851 are from limestones in the KU6 callection
from 36.05 m above base of the Kuru [ section opposite Kuru,
Zanskar, Karsha Formation (Teta Member), Guzhangian
Stage, Lejopyge acantha Zone. This species has a long
stratigraphic distribution, ranging from the Ptychagnostus
punctuosus Zone 1o the Glypragnosrus stofidotis Zong in
Hunan, South China (Peng and Robison, 2000).

Family PTYCHAGRNOSTIDAE Kobayashi, 1939
Genus PTYCcHAGROSTUS Jaekel, 1909

Type species.—Agnostus puncitiosus Angelin, 1851,p. B, from
the middle Cambriau of Andrarum, Scania, southern Sweden,
Prychagnostus punciuosus Zone, by original designation,

Discussion.—This genus is characterized by a smooth or
scrobiculate cephalon with a median preglabellar furtow and a
median node on the glabellar M2 or M3. The glabella is
conical in shape and is uneguaily divided by F3. The pygidial
axis has a slight constriction at M2 and is shorter than the
acrolobe. F1 and F2 are of subequal depths and spines may or
may not be present. We follow Robison, 1984; Westrop et al.,
1996, and Peng and Robison, 2000 in regarding Triplagnostis
Howell, 1935; Solenagnosrus Whitehouse, 1936; Penragnostus
Lermontova, 1940; Hugrpagnostus Rusconi, 1950b; Canorag-
nostus Ruscomi, 1951; Acidusus Opik, 1979; doragnosius Opik,
1679, Aristarius Opik, 1979, Zereagnostus Opik, 1979; and
probably Myrmecomimus Qpik, 1979 as junior synonyms of
Prychagnosius.
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PrYCHAGNOSTUS ACULEATUS (Angelin, 1851)
Figure 13, Figure 158-15.9

Agnosius gculeatus A‘\i(x}'_LIN 1851, p. &, pl. 6, fig. 12,
Gonlggnestuy fAHoboduchus | ac u!emus (Angel[n) JELL AND
HLGHPS 1997, p- 88, pl. 48, ﬁgﬁ 34

P. 68 (see for Synonymy)

New  materigl —Mere. than 12 disarticulated cephala
(WIHGFéO" 4, WIHGF669 2, WIH(JFEE% 2 WIHGFIO@S 2,

Wik GF?Z! WIHGFIU[O 1
WIHGFIDS%)

Diseussion, —Peng and Robison (2000, p. 68) discussed the
generic assipnment of this species at .some length. The
dlagnostlc features are: pustulate dorsal surtac& suroblcuia(e
gen
tudir d}ly, glabellar f‘urrows hnnly lmpressed basat labe ﬁrmlv
delineated, posterolateral eephalic spines present; acuminate
pygidial axis, widest at M1; posterolateral spines absent.

P!wizagnaszm aculeam.s was prewously reported from

" WIHGFT3I, WIHGFSI?

to Gamagﬁmfw Peng and Robm@n {7000) d}scus:ed the
classification problem of amleams and concluded that it is
morg closely allied to Etychagnostus than to Goriagnostus.
These anthors support the suggestions by Westergird (1946)
that aculeatys may be part of a phylegenetic lineage containing
Pr}cimgnam:s atavus and P PURCIHOSUS, A meraspid cephalon
dtfierance fmm Ptychagnosmx ara\m cxcept for surface
granulatlon and this pmvndes more evidence o bupport
Westergard's (1946) suggestion. Acemdmgly, aculeaius is here
classified within Prychagnostus.

Qceurrgnce—Disarticulated cephala and pygidia of Pry-
chag}mstw aeuleatus Angelin, 1851 are.in collection KUG from
36. 03 m sheve bdse oi the Kury 1 section ﬂppome Kura,
col]ecuon 9744 m dbOVB the bdse ofthe Kuru 2 secuon They
have also prevmualy been recorded from the KH3 collection
['rom the Surlchun La nul!d section north of Kurgiakh,
Hughes 1997 pl. 28, ﬁgs 3 4); Guzhangmn Stage, Lejopyge
acantha Lone and Praagnaxtus bulbus Zone. This species is
found in the Lejopyge laevigata Zome in South China (Peng
and Robison, 2000, establishing a correlation of collection
KUS within that zone in South China.

Genus GONIAGNOSTUS Howell, 1935

}'}pe ;peeres *Agnostm narhrjrm Brsagger 18?8 p. 68;

chden bv ongma[ des!gnatton

Dumssimr —Opik (1979 subdivided Gonfagnostus into
three subgenera, whereas Westrop et al. (1996) considered it
as a subgenus of Piychugnostus. In following Opik’s sub-
generic classification, Jell and Hughes (1997) assigned
specimens of Gwzgagfws*ms colected from Zanskar to the
subgenus level Peng aad Rmblsan (2000) re_]ected both Op]k 8

rn&mta_med it at generu: ran}; Jag‘o and Brown (2001) agreed.

GONIAGNGSTUS sp. indet.
Figure 13,14

Material—QOne dorsal exoskeleton (WITHGF844).

Diycussion—A single, very poorly preserved exoskeleton is
referred to this genus. Several characters allow eonfident
generic assignment, but preclude identification at the specific
level. Features indicating Geniagrosne include the long,

subtriangular anteroglabella with a longitudinally tripartite
pasteroglabella, the stromgly eonvex posterior half of the
median part of the posteroglahella, the sinuous transverse
glabeltar furrow, the strongly strobiculate acrolobe on the
cepha.lon the ionguudmaliy tripartite division of the pygidial
anteronxis, the pesteroaxis bgaring a depression, and the
firoly r‘eﬁpeﬂ median naqtaxia‘ furrow. The la-"lr of coarse
fine pustules on the pygldlal pleural f"leld uxcludes ass1gnmenl
to G furicolz or G. spiniger, Affinity is more likely mth G
ratharsti or G. searabgeus.

Occurrence—In collection KH3 from the Surichun La nulla
section north of Kurgiakh, Zanskar, Kurgiaskh Formation
(Surichun Member), Guzhangian Stage, Frougnostus hulbus
Zone.

Genus LEIOPYGE Hawle and Corda, 1847 -

Type species — Battus lagvigatus Dalman, 1828, p. 136, from
the middle Cambrian Lejopyge [aewgara Zone of Sweden by
original designation.

Discussion.—The genus Lejopyge varies in the degree of

effacement of the dorsal furrows. Early species have well
developed furrows, while younger species are alimost entirely
effaced (Roblson 1984, Robisou, 1994; Peng and Robison,
2000). The emended diagnosis of Robison (1994) is followed
here.

Kobayashi (1939) erected the subfamily Ptychagnostinde
but placed lejop}ge in Lejopyginae Harrington in Kobayashi,
1939, Lejopyginae is commonly regarded as a junior synopym
of Ptychagnostinae {Opik, 1967). In Follomng Oplk (1967,
1979) Jell and Hughes (1957) assigned Indian specimens of
Lejopyge and Geniagrostys to the family Agnostidag, subfam-
ily Ptychagnostinae, the later havmg been elevated to family-
level by Rohison (1984‘} Robison’s (1984} diagnosis for the
family ?tychagnﬂstléae is followed here and thus Lejop}ge is
placed in that family,

LEIOPYGE ACANTHA Robison, 1984
Figure 14.5-14.11; Figure 15,11

Lejopyge acantha ROBISON, 1984, p 38, fig. 21

? Lefopyge laevigata (DALMAN 1828); WHITTINGTON (in
part), 1986, p. 174, pl. 19, figs. 1, 3; pl. 20, fig. |; not pl. 19,
fig. 2 [?=L. calva).

Mgw material —Four cephala (WIHGF630, WIHG F726.3,
WIHGF811, WIHGFI819.2) and two pygidia (WIHGF
602.5, WIHGF631), '

Biagnosis—Lejopyge with posterolateral spings on the
cephalon and on the posterior thoragic segment, and without
posterolateral spines on the pngdIum cephalic axial furrows
refatively effaced compared tg other species; cephalic border
furrows effaced to moderaiely dpﬁncd pygidium  with
moderately wide border.

Discussion.—This species was well illustrated and described
when erected, although Robison (1984} omitted mention of
the cephalic lateral border furrows. and. borders. Well-
preserved specimens (Robison, 1984, figs. 21.2a, b, 21.7a, b}
show clearly that the borders are thin and well defined. The
new material from Zangkar s almost identical to the type
specimens of Lejopyge acantha from Utah and Nevada in
evefy respect, including the preseriee of the posterolateral
cephafic spines evident on the right side af one specimen
(Fig. 14.6) and from the bases of the broken spines in anather
specimen (Fig. 14.8), the Lompdxamely less effaced axial
furrows, the similarly rounded cephalic outline, the presence
of thin lateral borders, and the absence of pyg1d1a£ border
spines. A minor diﬂ“erence, which is regarded as intraspecific
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variation, is that the pygidial borders of the Zanskari pygidia
narrow forward less acLitely than in the type material.

36. 05 m above base of Ehe Kuru 1 ‘%Bctlon opposite Kuru,
Zanskar, Karsha ¥ormation (Teta Member); Guzhangmn
Stage Lejopyge qcanrha Zone. This is the first record of this
Othﬁr Indian 1&11a'f=rw1 includes

In Nevada (Rob}hon 1984), 1t is from the lower

Zone
Lejapyge Iaevzgam Zone in association with Prychagnostus
amieatm in collectlon 155 (the base of member B, Emigrant

LEFOPYGE ARMATA (Linnarsson, 1869}
Figure 14.1-14.4

Agnostus lagvigata var, armala LINNARSSON, 1869, p. 82, pl. 2,
figs. 58-89,

Lejopyge laevigata armata (DALMAN, 1828): LU AND CHIEN,
1964, p. 30, pl. 19, figs. 1-2.

Lejopyge anmata (L[nnursson 1869), IELLA\JD HL'GHE:; 1997

WIHGF&}Q 1) one cephalon (WIHGFé42), and one pyg[dl-
um (WIHEGF634),

Discussion—Lejopyge armata differs {rom L. laevigarg
(Dalman, 1828) and L. acantha Robison, 1984 in having
posterolateral spines on both cephalon and pwygidium,
Lejopyge laevigara bears no posterolateral spines on the
cephalon and, except for having extremely tiny ones in rare
cases, no such spines on the pyglchum Lejopyge acantha has
cephalic posterolateral spines, but can be differentiated by
h..vmg comparatwel\f meTe effac*d axial furrows, and by

Jell ‘and Hughes (1997, pl 28, ﬁg\ 3-13, pl. 29, figs. 7-15)
reported the ocgurrence of Lejopyge armeata in Zanskar on the
b.:ms of tectemca%iy deformed spscunf:ns from s.hales The new
shows clearly postafclateral spines on the Lephalon (Flg 14 1
or the pygidium (Fig. 14.2, 14.4). Weak axia] furrows and faint
pygidlal border furrows are observed on exoskeletons in the pew
material (Fig. 14.1, 14.2), but the associated eephalon
(Fig. 14.3) exhibits characters of L. armata with firmly defined
axial furrows that define the posterior half of the posteroglabella
and an acutely rounded glabellar rear. The rather effaced
appearance of the exoskelgtons is interpreted as the result of
poer preaewatlon rather than bemg of spemﬁc sxgmﬁcanu::
shalca from thc KH3 collecnon in the Surlqhun La nul]a
section north of Kurgjdkh Zanskar, Kurgiakh Formation

(Sucichun Member) (also see Jell and Hughes, 1997), and at
97.44 m (KU2 collection) in the Kuru 2 section opposite Kuru
m the Zanskar Valley, Kurgiakh Formation (Surichun
Member); Guzhangian Stage, Proggrostus bulbuy Zone. In
northwestern Hunan, South China this species ranges from the
Lejopyge laevigatq Zone to the Proaguostus bulbus Zong (Peng
and Robkison, 2000).

LEJOPYGE sp. indet.

Figure 14.12-14.14

Material.—Three  dorsal  exoskeletons
WIHGF647, WIHGFE630) and two cephala.

Discussion.—Several exoskeletons assigned to Lefopyge are
poorly preserved and deformed. No axial furrows are
preserved, but pygidial barder furrows are indicated. The
smallest exoskeleton (Fig. 14.12) resembles that described
recently from southwestern Tasmania that was ahmgned to L.
laevigata (Jago and Brown, 2001, pl. 1, {ig. P), and is closely
comparable in both merphology and size. Other exoskeletons
from Zanskar are also closely simildr to the specimens of L.
Iaf’wgafa from Tasmarnia (Jago and Brown, 2001, pl. I, figs. 1,
M} in the degree of effacement. However, other specimens of
L. .laevigata in Yago and Brown's. collecu;;m seam less effaced
than the Zanskari material.

Oceurrence, —In shales from the KH3 collection in the
Surichun La nulla section north of Kurgiakh, Zanskar,
Kurgiakh Formation (Surichun Member): Guzhangian Stage,
Proagnostus bulbus Zone.

(WIHGF643,

Genus PSEUDOPHALACROMA Pokrovskaya, 1938

Type species.—Pseudaphalacroma  crebrum  Pokrovskaya,
1958, p. 79 {= Pseudophalacrama dubivm (Whitehouse, 1939)];
from middle Cambrian Prohedinia-Forchhammeria-Anomocar-
inides iimbatacformis Zone of Siberia, by original designation.

TPSELDOPHALACROMA OVALE Yang, 1982
Figure 14.15-14.16

? Pseudophalacrama ovgle Yang, 1982, p. 302, pl. 2, fig. 1;
PENG AND ROBISON, 2000, p. 82, fig. 67. (see for synonymy).

Materigl—A possibly enrolled exoskeleton (WIHGF703),
and cne pygidium (WIHGIEG09.1) preserved in limestone.

Discussion—Both specimens are partially broken. The
shield has an ovate outline and relatively wide lateral borders
that markedly widen rearward. These features are almost
identica) to those of Pseudophalacroma ovale Yang from South
China (Yang, 1982; Lu and Lin, 1989%; Peng and Robisan,
2000). The Zanskari specimens differ from the typical
specimens of South China in having incamplete, deeply
ihcised axial furrews at the anterior of the axis apd, probably,

a pair of posterolateral spines, as a wide spine base is apparent
in ane specimen (Fig 14.16), Both ef these features are
characteristic of Lejopyge, questioning both the generic and

—

FiGURE fé—Lejopyge and Preudophalecroma from the Zanskar valley. Specimens darkened with India ink and coated with magnesivm oxide priot to
phmogrgph\ -4, Lejaplgv armata (Linnarson, 186%) from shales of the Surichun Member, Kurgiakh Formation. Collected at 97.44 m. (KU2
collection) in Kuru 2 segtion opposite Kuru on the north side of the Tsarap Lingti Chu, and at the KH3 locality in Surichun La nulla, Zanskar: /. dorsal
shield, WIHGF669.1, KU2, X24; 7, dorsal shield, WIHGF652, KH3, x23.5; 3, cephalon, WIHGF642, KH3, xt; 4, pypdu.m WIHGF634, KH3,
KN 3-11. Lejopyge veantéa Robison, 1984 ffom limestone. collected at 36.05 m above base (KUs coll@aimf&) of the Kuru 1 section opposite Kuru Teta
Mentber, Karsha Formanﬂn on the north side of the Tsarap Lingti Chu, and from the Surichun 'VIemher Kurgiakh Formaton at the KH3 locality in
Surichun La nella: 5. 4, cephalon, WIHGFS11. KLG »12: 3, obligue right lateral view, 4, dovsal view, 7, pviddium, V-’II*{GI“GQq 5. KU6G, ¥1873 & §
uephalqn WIHGE?26.3, KU, %9.75: &, dorsal view; 9, ob,que left lateral view. It cephalon, WEHGF&SG KHB, ®13.25, [1. pygidinm, WI}-_[GF651=
KH3, x7.12-14, Lejopyge sp. indet., dorsal exoskeleton, from the Surichun Member, Kurgiakh Formation at the KH3 locaiity in Surichun La nulia; 12,
WIHUF647 «30; 73, WIHGF642, Xl¢ 14, WIHGEFSS0, x27. 13, 16, ’Pseudapinuacromtm ale Yang, 1982, from lmestone coilected at 36.05 m above
base (KUE collection} of the Kuwru | section opposite Kur T \‘I ber, Karsha Formation, on the north side of the Tsarap Lingti Chu, pypidia. 15,
possibly enrolled dormsa! exeskeleton, showing pvgidivn: w ¢ 'nargin evident 4t the pygidial postericr, WIHGEF703,
pygidium, WIHGFS09,1. %2625,

®10,75. 14 partial
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FIGURE J3—Other Agnostida from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior 1o photography.
i-1, Valenagnostus imitans (Opik, 1961)?, cephalon, WIHGF756, from limestone collected at 36.05 m above base (K U7 collection) of the Kuru 1 section
opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu, X8: I, dorsai view; 2, left anterior oblicue lateral view; 3,
left posterior obliqué lateral view, 4, 5, Ammagrostus sp. cf. A. laiwuensis {Lorenz, 1908}, pygidinm fréin limestone collected at 36.0% m gbove base (KUS
collection) of the Kuru 1 section opposite Kurw, Teta Member, Karsha Formation, on the north sidé of the Tsarap Lingii Chu: 4, WIHGFS25B.1,
¥16.25; 5, latex of WIHGF&235B.1, X16.25. 6, 7. Proagnostus builbus butbus Butts, 1926, dorsal shield, WIHGEF686, at about 100 meters (KU1 eollection)
above the base of the Kuru 2 section, Surichun Member, Kurgiakh Formation on the north side of the Tsarap Lingti Chu, X14.73: §, rétrodefonmation
of 7 with inferred strain ellipse; 7, original. & 9, Pryehagnostus aculeasur (Angelin, 1831) cojlected at 97.44 m, (KU2 collection) in Kuru 2 section
opposite Kuru on the north side of the Tsarap Lingti Chu, Surichun Member, Kurgiakh Formation: & latex of external mold of cephalon,
WIHGF660.2, X8; 9, latex of external mold of pygidinm, WIHGFST1B, x14. [0.11, from 36.03 m above base {K U6 collection) above base of the Kuru
| section opposite Kuru, Teia Member, Karsha Formation. on the north side of the Tsarap Lingti Chae 16, Hypagnostus brevifrons (Angeliu, 1851},
pygidiun, WIHGES02.2, X [5; {1, Lejopyge acanvha Robison 1984, cephalon, WIHGFI019.2, x10.5; 12,13, Peronopsis acadica (Haric, 1868), cephaia
from shales coliected ar 500.32 wm iP114 coliectiou), and 504.04 m (P121 collection) above base of Purni Valiey section 3, Parahio Formation, on east side
of Tsarap River, south of Phuktal Gompa. Zanskar vatley: /2, Jatex of externai mold, WIHGF[014.2, PI14, x14; /3, WIHGFi342, PI21, x12; /4,
Genagnostus sp. indel.. dorsal exoskeleton, WIHGFS44, KH3 jocality in Surichun La nulla, Surichun Member, Kurgiakh Farmation, X7.25.
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FIGURE [6-—Tomagnostelia exsculpia (Angelin, 1851) from Hmestones
coliected at 36,05 m (KUé6 collection} and at 36.53 m (K14 coilection)
above base of the Kuru 1 section opposite Kuru, Teta Member, Karsha

FIGURE [7—Opsidiscus haimamiensis (Reed, 1910)? from shale at
836.41 m above the base (PO26 collection) of the Parahio Valley section,
Spiti region, Parahio Formation. Specimens darkened with India ink and
coated with magnesium oxide prior to photography. /-2, cranidia: /,
WIHGES09.2, =1525; 2, WlHGF906.3, extarnal mold, WIHGF06.3,
x%23.25, 3, external mold of pygidium, WIHGF906.4, x16.5.

specific assignment, and therefore the Zanskar specimens are
left in open nomenclature.

Occurrence.—Specimens  assigned to  ?Pseudephalacroma
ovale Yang, 1982 are from limestone of the KU€ collection at
36.05 m abave base of the Kuru 1 section opposite Kury,
Zanskar, Karsha Formation (Teta Member); Guzhangian
Stage, Lejopyge acantha Zone.

Genus TOMAGNOSTELLA Kobayashi, 1939

Type species.—Agnostus exseulptus Angelin, 1851, p. 7;
fromn the Andrarum limestone, middle Cambrian of Sweden,
by original designation.

Discussion.—Although Tomagnostelia is similar to Hypag-
nostus In many aspects of the cephalic morphology, In
Tomagnostella there is a pasteromedial node on M3, and
M2 is expanded. The pygidia of the two genera are
distinguishable by the axial furrows. Tomagnrostelle has a
firmly-incised F1 and variably developed F2, but there are no
pyeidial axial furrows in Hypagrostus.

TOMAGNOSTELLA EXSCULPTA (Angelin, 1851)
Figure 16

Agnostus exsculptus ANGELIN (in part), 1851, p. 7, pl. 6, fig. 8
(cephalon only).

Tomagnostella exsculpra (Angelin); PENG AND ROBISON, 2000,
p. 84, fig. 69 (see for synonymy up to 2000); PENG ET AL,

—

Formation, on the north side of the Tsarap Lingti Chu, Zanskar valley.
Specimens darkened with India ink and coated with magnesium oxide prior
to photography. /-6, cephala. !, WIHGF717.2, KU6, x17.5; 7
WIHGF1927.3, KU6, =15;3, WIHGFT720, KUS, x10.75; ¢, WIHGF 03§,
KLU®, x12.75: 5 WIHGF1019.2, KU6, x12.75; 6, cephalon, WIHGF735.,
KU6, x11.5. 7-/2 pymdia. 7, /10, WIHGF701, KUe, %12 7. dorsal view;
i, right lateral view; & cephalon, WIHGF?35.1 and pygidium,
WIHGEF735.2, KU6, =10, ¥ (], 12, pyvegidia: 9 WIHGFI015.1. KUé6.
x12.25; 1/ WIHGFe!12.2, x9; /2, WIHGF1039, =825,
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1 2
PIubRE I8—Chiatiania? sp. indet, from limestone collected at 36.05 m
above. the base (KUS5 cellsetion) of the Kuru 1 section ‘opposite Kuru,
Tetd Member;, Karsha Formation, on the tiorth side of the Tsdrap Lingti
Chu, Zanskar valley. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. /, ?Iate meraspid cranidiom,
WIHGFE33.1, x22.75; 2, cranidium, WIHGF833.2, x 6.75.

2001b, p. 159, fig. 10.3-10.4; PENG ET AL., 2005, p. 130, fig.
13.3-13.4.

Matrerial. —Six  cephala (WIHGF720, WIHGF727.2,
WIHGF735.1, WIHGF1010.2, WIHGF 1027 3, WIHGF103B)
and five pygldla (WIHGF612.2, WIHGF701, WIHGF735.2,
WIHGF1015.1, WIRGF1039).

Discussion. WThe diagnostic features of these specimens are:
lorig, narrow, pygidial axis that is nearly the length of the
acrolobe; F1 firmly impressed, anteriorly arcuate, M2 with
large median node.

Tomagnestella exsculpia differs from T, sulcifera in the length
of the pygidial axis and in the development of cephalic
scrobiculae. T exsculpta has an axis that is almost the lenpth
of the acrolobe and poorly developed to imperceptible
scrobiculae. Tomagrostella silcifera has moderately developed
scrobiculae and a pygidial axis that is shorter than the acrolobe.

The cephala and pygidia from Zanskar conform in all
miorphologival respects to those of specimens from South
China (Peng and Robison, 2000), permitting them to be
assigned to this species.

Occurrence.—From limestones 36.05 m (K16 collection) and
36.55 m (KU4 collection) above the base of the Kuru 1 section
opposite Kuru, Zanskar, Karsha Formation (Teta Mel‘l'lberj,
Guzhangian Stage, Lejopyge acantha Zone. This species ranges
from the Prychagrostus punctuosus Zone to the Glyptaghosius
stolidofus Zone in South China (Peng and Robison, 2000).

AGNOSTIDS OF UNCERTAIN FAMILIAL AFFINITY
Genus VALENAGNOSTUS Jago, 1976a

Type species—Agnostus nudus var. margingia Brogger,
1878, from the middle Cambrian, Krekling, Norway, by
original designation.

VALENAGNOSTUS IMITANS (Opik, 1961)7
Figure 15.1-15.3

T Grandagnostus imitans OPIK, 1961, p. 65, pl. 23, figs. 12-15;
pl. 24, figures 5-7. B

Valenagnostus inticems (Opik); JaGo, 1996a, p. 146 PENG
AND ROBISON, 2000, p. 96, fig. 80 (see for synonymy); JAGO,
BAQ AND BAILLIE., 2004, figs. 5B-G, N.

Mautrerial -—Cephalon (WIHGF756).

Discusyion.—A single, almost completely effaced cephalon
18 characterized by a rounded outline, moderate convexity, a
posteriotly placed plabellar node, and very narrow lateral
berders defined by shallow border furrows. The cephalon is
identical in all observed respects to the cephala assigned to
Valenagnostus imitans from Queensland, Australia (Opik,
1961, Jago, 1976a; Jago et al., 2004) and northwestern Hunan,

¥

South China (Peng and Robison, 2000), but lack of an
associated pygidium prevents a confident assignment,
Occurrence.—From limestones of collection KU7, 36.05 m
above the base of the Kuru 1 section opposite Kuru, Zatnskar,
Karsha Formation (Teta Member); Guzhangidn Stage,
Lejopyge acantha Zone. In South China, VPalenagnostus
imitans occurs from the Ptpchagnostus punctuosus Zone to
the Linguagnostus reconditus Zone (Peng and Robison, 2000),

Suborder Eopistina Kobayashi, 1939
Superfamily EOnpIscoiDEA Raymond, 1913
Family EODISCIDAE Raymond, 1913
Genus OPsIBiscus Westergird, 1949
Type species.—Aulacodiscus bilobaius Westergird, 1946,
from the middle Cambrian (Lejopyge laevigata Zone) of
Vistergdtiand, Sweden, by original designation.

OPSIDISCUS HAIMANTENSIS (Reed, 1910)?
Figuré 17

7 Microdiseus haimantensis REED 1910, p. 7, pb. 1, fig. 12-13.
? Opsidiscus haimantensis (Reed), JELL aAND HU GHES 1997
p. 31-32, pl. 5, figs. 6, 12-14.

New  materigl—Two ﬂaltened and distorted cranidia
(WIHGF906.3, WIHGF909.2), and one pygidium
(WIHGF906.4).

Discussion.—Jell and Hughes (1997) restudied the $pecimens
from the Parahio Valley, Spiti, déscribed origitially by Reed
(1910) as Micrediscus haimantensis Reed, and transfetred the
species to Opsidiscus. The new material from the sarme lo’uéli‘ty
iz poorly preserved, but overall characters supgest a tentative
assignment to thit species.-

Occurrence.—1n shale from 836.41 m above the base of the
section (PO26 collection) on the north side of Patahio Valley,
Spiti; Parahio Formation, Orycrocephalm salteri Zone,
informal global Stage 5 of the Cambrian Svstem.

Order CORYNEXOCHIDA Kebayashi, 1935
Family DOLICHOMETOPIDAE Walcott, 1916
Genus CHATIANIA Yang in Zhou, Liu, Mong and Sun, 1877
Type species.~ Chatiania chatianénsic Yang in Zhot, Lig,
Mong and Sun (1977, p. 136, pl. 43, figs. 1%. 13) from the
Liostracira-Chatiania Zone of the Huagiao Formation,
Chatian, Fenghuarig, northwestern Hunan, China, by original
desigiration.

CHATIANIAT $p. indet.
Figure 18

Material —Two cranidia, including those of 4 meraspid
(WIHGFB33.1) and a holdspid (WiHGF833.2).

Discussion—Excopt for having a very shart preglabellar
field and an effaced occipital furrow in the holaspid, these
cranidig are closely comparable to those assigied to Chdiiania
|=Parachatignia} expansa by Yuan and Yin (1998, pl.3, figs. 1,
4) and Peng et al, (200da, pl. 4, figs. 1~14). The shared
features include an effaced forward expanded glabella with a
rounded Tront, a narfow palpebial fidld, a gertly Curved,
maoderately sized palpebril lobe lying 0pposite the mid-point
of the cranidium, and a strongly divergent posterior branch of
the facial suture that encloses a short, blade-sfiaped postero-
lateral projection. However, the preﬂence of a preglabellar
freld prevents confident generic assignment of these Zanskari
specimens, and until more material is available, they are left in
open nomenclature.

Oceurrence —In limestones from collection KUS at 36.05 m
above base of the Kuru 1 section opposite Kuru on the north
side of the Tsarap Linpti Chu. Zanskar valley. Karsha



