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ABSTRACT—New collections of trilobites from the type section of the Parahio Formation in the Parahio Valley, Spiti, and from the
Parahio, Karsha, and Kurgiakh formations in the Zanskar Valley, permit biozonation based on material precisely located within
measured stratigraphic sections. Specimens preserved in limestone with mild tectonic deformation clarify the features of several
Himalayan taxa known previously only from severely deformed specimens preserved in shale. A total of 75 trilobite taxa from the
Cambrian of Spiti and Zanskar can be referred, questionably at least, at the generic level or below, and 61 of these are present in our new
collections. This new material is assigned with confidence to 29 existing species, and to 12 new species. Three new genera, Haydenaspis,
Bhargavia, and Himalisania, are established; new species include Haydenaspis parvatya, Prozacanthoides lahiri, Probowmania bhatti,
Xingrenaspis parthiva, X. shyamalae, Bhargavia prakritika, Kaotaia prachina, Gunnia smithi, Sudanamonocarina sinindica, Proasaphiscus
simoni, Koldinia odelli, and Torifera jelli. Ten additional Himalayan forms are assigned at the generic level only, and another 11 are
questionably assigned to genera or species. The zonation proposed includes 6 zones and 3 levels, including the Haydenaspis parvatya level,
the Oryctocephalus indicus level, the Kaotaia prachina Zone, the Paramecephalus defossus Zone, the Oryctocephalus salteri Zone, the
Iranoleesia butes level, the Sudanomocarina sinindica Zone, the Lejopyge acantha Zone, and the Proagnostus bulbus Zone. The sections
span from the upper part of the informal Stage 4, Series 2 of the Cambrian System, about 511 Ma old, to the Proagnostus bulbus zone of
the Guzhangian Stage near the top of Series 3, dated at about 501 Ma. This time interval is represented by about 2000 m of section, which
is thick compared to similar intervals elsewhere and is consistent with high rates of sedimentation along the Himalayan margin at the
time. The fauna resembles others from equatorial peri-Gondwanaland, with closest similarity to that of South China. It also bears strong
affinity to the North China fauna. Juvenile trilobites are described for the first time from India. A new Chinese species, Monanocephalus
liquani, is also described.

INTRODUCTION

GEOLOGICAL SETTING

CAMBRIAN trilobites have been known from
the Himalaya for over a hundred years, the biostratigraphy 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 collections is 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 stratigraphic section (Myrow et al., 2006a) 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 150 km northwest of the Parahio
Valley (Fig. 1) and also part of the Tethyan Himalaya. Much
of this new material is preserved in limestone and, while not
entirely free from tectonic deformation, is of sufficient quality
to permit direct comparison with well-preserved specimens
from elsewhere.
This study presents systematic descriptions of our collections and clarifies taxonomic concepts based on these wellpreserved specimens. Correlations between the Parahio and
Zanskar Valleys are considered, and our new material is
integrated with previous collections to construct a biostratigraphic scheme for this region for parts of the second and
third series of the Cambrian System. We also consider the
implications of our study for dating and correlation with other
parts of the Himalaya and beyond.

The central part of the Himalaya, located between its eastern
and western syntaxes, consists of four major lithotectonic zones
to the south of the Indus-Tsangpo suture zone, the boundary
with the Lhasa block of Tibet (Fig. 1.1). The collections
described herein come from the northernmost of the four 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 Parahio Formation has been recognized in
both regions (Myrow et al., 2006a,b). It consists of siliclastic
deltaic deposits with subordinate carbonate beds.
In Spiti, the Parahio Formation is unconformably overlain
by the conglomeratic basal part of the Ordovician Thango
Formation. Collections from the Parahio Valley of Spiti were
made from (1) a section on a ridge on the northern side of the
Parahio River (Fig. 2), which is where Hayden (1904)
measured his original section, (2) from an outcrop on the
banks of the south side of the Parahio River near the
confluence with the Sumna River and, (3) the slopes on the
east side of the Sumna River (see Appendix 1 for details of
collection localities). Aspects of the lithostratigraphy and
paleoenvironments of these sections, and the history of their
interpretation, have been reviewed by Myrow et al. (2006a).
Trilobites, bradorid arthropods, phosphatic brachiopods, and
sponge spicules are found in carbonate grainstone beds that
are interpreted to represent intermittent decreases in the
supply of terrigenous siliciclastic sediment. The grainstone
texture suggests reworking by ocean waves and currents.
Although there is some evidence of silicification in these
carbonate beds (Myrow et al., 2006a), acidic dissolution of the
limestone did not yield silicified fossils other than sponge
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FIGURE 1—Location of the Spiti and Zanskar valleys within the Himalaya. 1, showing position of Spiti/Zanskar region as part of the Tethyan
Himalaya, the most northerly of four lithotectonic zones of the Himalaya. 2, position of sections within the Zanskar and Spiti valleys, and other areas in
the western and central Himalaya from which Cambrian trilobites are known.

spicules. However, it did liberate phosphatic brachiopods
from each of the carbonate horizons that we have sampled.
Trilobites and brachiopods are also present in dark shale
that appears to have accumulated in a low energy marine
environment, 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 the total thickness of successive

shoaling cycles, particularly in the lower parts of the section.
This explains the limited number of beds bearing macrofossils
(Fig. 3). Episodic delta-lobe switching led to nonsystematic
stratigraphic changes in cycle and facies thickness (Myrow et
al., 2006a). Thick carbonate beds near the top of the section
are dolomitized and do not contain abundant trilobites,
although a poorly preserved agnostoid shield was observed in
one dolomite bed. In a few cases dolomite beds bear laminae
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FIGURE 2—The position of the measured sections and other collecting sites in the Parahio River Valley, Spiti. Hayden’s (1904) original section is the
long section marked to the north of the Parahio and Khemangar Rivers. The collecting site of the trace fossils illustrated by Bhargava et al. (1982) and
Parcha et al. (2005) is shown by the open star. KR indicates Khemangar River, DKR indicates Debsa Khad River, and SR indicates Sumna River.

rich in phosphatic brachiopods, and fossils described as
conodonts have also been recovered from these beds (Bhatt
and Kumar, 1980). Various trace fossils have been found at
horizons scattered throughout the section.
In Zanskar (Fig. 5), the Parahio Formation is lithologically
similar to its exposure in Spiti, although Zanskar may have
been located in a slightly more distal setting (Myrow et al.,
2006b). There the Parahio Formation is succeeded by the
Karsha Formation, a thick red-weathering dolostone that
represents a clear-water carbonate-platform setting and
contains trilobites in its upper member (Myrow et al.,
2006b) (Fig. 6). The Karsha Formation is conformably
overlain by the Kurgiakh Formation (Fig. 6), which contains
similar lithofacies to the Parahio Formation, and also bears
Cambrian trilobites. The Kurgiakh Formation is unconformably overlain by the Ordovician molasse deposits of the
Thaple Formation (Fig. 6), the lithological equivalent of the
Thango Formation of the Parahio Valley. These relationships,
along with the constraints provided by the trilobite biostratigraphy, suggest that in this sector of the Himalaya the
Ordovician unconformity cut to deeper stratigraphic levels
toward the southeast (Fig. 4).
We did not recover trilobites from carbonate beds in the
Parahio Formation of Zanskar because these beds were almost
entirely dolomitized (phosphatic brachiopods were collected
from one of these beds, Fig. 6). We recovered trilobites from
shale in the upper part of the Parahio Formation in the Purni

section (Fig. 5), shortly beneath 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.
Trilobites and phosphatic brachiopods were also recovered
from several thin carbonate grainstone beds in the Teta
Member of the Karsha Formation, 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 include 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) figured a poorly preserved exoskeleton from the
Kurgiakh nulla section that they attributed to the family
Olenellidae. No specimen number or repository information
was given for that fossil, and we have not been able to examine
it. In the light of our results we consider their attribution
unlikely to be correct, but we cannot recognize any diagnostic
features in the published figure. Shah et al. (1996) and Kumar
(1998) described and figured agnostoid and polymerid
material from the Kurgiakh region of the Zanskar Valley,
apparently from the north bank of the Tsarap Lingti River, a
few kilometers east of Kurgiakh village. Our searches in that
area did not relocate these levels, but we discuss this material
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FIGURE 3—Composite stratigraphic section of the Cambrian rocks of the Parahio Formation in the Parahio Valley based on sections shown in Fig. 2,
with trilobite occurrence, local ranges shown, and biozonation. Sedimentological and other details of the section are provided in Myrow et al. (2006a).
The chart includes all trilobite species that we consider to be valid from this section, including those not recovered by us. * indicates species only known
from shales. 4 and 5 refer to the new, informal stages of the Cambrian System. Here we represent the boundary between them at the first occurrence of O.
indicus. Details of height in section and collection lithologies provided in Appendix 1 and 2. Note that the type specimens of Agnostus spitiensis Reed,
1910 are missing, and hence we are unable to verify the validity of this form. Open star indicates dolomite containing abundant acrotretid brachiopods.
sh indicates shale, st indicates silt, vfs and fs indicates very fine sandstone and fine sandstone respectively, and carb indicates carbonate.
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addition, we did not recover any specimens of Redlichia or
know of any Redlichia specimens previously recovered from this
valley. 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 extend beyond matters of taxonomic assignment. Our
work is based on a stratigraphic section that was measured 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, is a 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 O. indicus in other sections worldwide.
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 biostratigraphic zonation documented herein. Note that the contact between the Sanugba and Haimanta
groups is an erosional unconformity in both sections, but that the entirety
of the Karsha and Kurgiakh formations is missing in Spiti.

in the taxonomic discussions below, and estimate its stratigraphic position in our summary of the Cambrian biostratigraphy 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. 14–15) section for the Parahio Formation
at the type section accords with our own in terms of the
identity and sequence of trilobite-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 (1360 m) for the
same section. Hayden (1904, p. 13) argued that folding
increased the apparent thickness of the section, but our work
does not support that interpretation. We saw no evidence for
structural complexity in the Parahio Formation other than
minor faulting, and the trilobite 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 to 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,
1998). Those papers suggested that 12 fossiliferous horizons
spanned parts of the traditional early, middle and late
Cambrian across less 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
results of the present study indicate that the strata are nearly
1400 m thick and span much less of the Cambrian System. In

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 is evident in Figs. 35,
56, 57). Such deformation can also induce novel features that
have mistakenly been considered of taxonomic significance in
some cases (see Hughes and Jell, 1992). On the other hand,
trilobite material preserved in fine-grained siliciclastic rocks is
more commonly articulated than that preserved in limestone
or silica (e.g., Fig. 35) (Hughes, 1995). Out of the 75
Himalayan taxa that are recognized in this monograph, 31
are known exclusively from fine-grained siliciclastic strata, 28
exclusively from carbonate, and 16 are known from both
facies (Appendix 2). Thus, 44 taxa are now known from
carbonate material, and for four species we have been able to
associate isolated 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
which these factors have influenced the fossils is generally
modest compared to that in associated shales. In certain cases
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 undeformed material known from elsewhere (Hughes and Jell,
1992). The degree to which tectonism influenced specimens
preserved in carbonate varied 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 collecting levels ranged from 2 to
6 person-days per level. With the exception of the unusually
diverse limestone beds at the top of the Teta Member of the
Karsha Formation, the diversity of polymerid trilobites
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 Surichun Member of the
Kurgiakh Formation. This sharp increase in agnostoid
diversity is consistent with the pattern seen elsewhere, and
documented in particular detail in South China (Peng and
Robison, 2000), and does not require a local explanation.
Carbonate and siliciclastic beds bearing species of similar
stratigraphic age occurred at several levels, and these provide
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FIGURE 5—The position of the measured sections and collecting sites in the Zanskar Valley. KH2 and KH3 collecting sites near Kurgiakh: KU1 –
Kuru 1 section, KU2 – Kuru 2 section, PU1 – Purni 1 section, PU2 – Purni 2 section, and PU3 – Purni 3 section.

some opportunity to assess the lithofacies preferences of species.
The relatively long ranged ptychopariid Kunmingaspis 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 other hand, we found many species in
both carbonate and siliciclastic rocks. Biofacies differences
between carbonate and siliciclastic facies are common among
Cambrian trilobites (e.g. Ludvigsen and Westrop, 1983) and the
occurrence of specific Himalayan taxa in both lithologies may
suggest that the transitions between these facies in this setting did
not reflect major shifts in paleoenvironment.
Kaotaia prachina n. sp. and Bhargavia prakritika n. gen. and
sp. from the interval from 433.44 m to 439.67 m in the
Parahio Valley section bore unusually 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 Xingrenaspis
parthiva was apparently of normal thickness.
BIOSTRATIGRAPHY AND GLOBAL CORRELATION

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

occurrence of well-characterized 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. We apply
the term ‘‘zone’’ when the eponymous species occurred in
more than a single bed beneath the first 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 biostratigraphy. The base of each unit is defined by the FAD of the
eponymous species and, where thick barren strata are absent,
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 succession with six trilobite
zones, three levels, and six intervals of no zonation for the
Cambrian System of the Spiti and Zanskar Valleys (Figs. 3, 6).
It spans an interval from the upper part of the as yet-unnamed
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 parvatya level, interval 1 of no
zonation, the Oryctocephalus indicus level, interval 2 of no
zonation, the Kaotaia prachina Zone, interval 3 of no
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FIGURE 6—Composite stratigraphic section of the Cambrian rocks of the Parahio, Karsha and Kurgiakh Formations in the Zanskar Valley based on
sections shown in Fig. 5, with trilobite occurrence, local ranges shown, and biozonation. Sedimentological and other details of the section are provided
in Myrow et al. (2006b). * indicates species only known from shales. Measured sections containing material described herein are indicated. PU is Purni,
KU is opposite Kuru. 5 refers to the new informal fifth stage of the Cambrian System. Open star indicates dolomite containing abundant acrotretid
brachiopods. sh indicates shale, ss indicates sandstone, and carb indicates carbonate.

zonation, the Paramecephalus defossus Zone, the Oryctocephalus salteri Zone, interval 4 of no zonation, the Iranoleesia
butes level, interval 5 of no zonation, the Sudanomocarina
sinindica Zone, interval 6 of no zonation, the Lejopyge acantha
Zone, and the Proagnostus bulbus Zone.
The relatively dense sampling of the beds of the Teta
Member of the Karsha Formation and the overlying Surichun
Member of the Kurgiakh Formation, coupled with the
striking abundance of taxa, permits the recognition of a
stratigraphically lower fauna 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 characteristic of the biostratigraphic distribution
of trilobite taxa from the Cambrian of Zanskar and Spiti is
that trilobite-bearing beds are restricted to narrow stratigraphic intervals. Individual taxa were commonly 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. Note that, for the purpose of
interregional comparison, the Himalayan levels and zones are here shown to encompass the interval 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, 6). Taxa that ranged over thick (,100 m or more)
intervals include the agnostid Ptychagnostus aculeatus and
probably also Peronopsis acadica, and polymerids including
Kunmingaspis stracheyi and Parablackwelderia sheridanorum.
Specimens of Paramecephalus defossus and Shantungaspis
himalaica were collected from an interval that spanned about
80 m of the Parahio Formation in the Parahio Valley section.

FIGURE 8—The Cambrian sections of the Spiti/Zanskar region in the
context of global Cambrian stratigraphy. The Himalayan sections (shaded
portion) represent a relatively small proportion of the Cambrian System.

We interpret the restriction of most taxa to narrow
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 between our oldest and youngest
collections in the Parahio Valley, PO3 and PO10, is
approximately 900 m. The Kaili 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 stratigraphic interval
between the base of the range of Sudananomocarina sinindica
and Proagnostus bulbus 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 represented by the carbonaterich 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
Valley section was 30.4 cm/1000 years, a high rate that is
similar to time averaged accumulation rates in deltaic settings
(Myrow et al., 2006a). Much of the time represented by the
section was likely accommodated at disconformity surfaces
and within stratigraphically condensed horizons associated
with the boundaries between depositional cycles. For example,
the transition between the top of the range of P. defossus and
the first appearance of the fauna of the subsequent Oryctocephalus salteri Zone, occurs within a 3 m interval (Fig. 3). If
the degree of faunal transition was related to temporal
duration, more Cambrian time may be represented within
that 3 meter interval than in 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 constrained by
many of the polymerid trilobites that are endemic to eastern
Gondwana and that provide correlation with well established
successions in China and Australia, and by the rich
assemblages of agnostoids in the Lejopyge acantha and
Proagnostus bulbus zones (Figs. 3, 6). The later enable a
precise global correlation for those Tethyan Himalayan zones
(Figs. 7, 8). The Lejopyge acantha zone correlates globally
with the Lejopyge laevigata Zone and, as defined, the FAD of
Lejopyge laevigata coincides with the base of the global
Guzhangian Stage (Peng and Babcock, 2008; Peng et al.,
2009). In addition to the agnostoids, the age of the interval
studied is constrained by the occurrence of Oryctocephalus
indicus in the lower part of the Parahio Formation in the
Parahio Valley section. As one of the key international
stratigraphic marker species for this time interval, the FAD of
Oryctocephalus indicus is one of the criteria proposed for
defining the base of the as-yet-unnamed global Stage 5 (Peng
and Babcock, 2005; Babcock et al., 2005).
Haydenaspis parvatya level.—The oldest fauna in Hayden’s
section is recorded at 78.07 m above the base of the Parahio
Formation, Parahio Valley, Spiti (Fig. 3), where the eponymous species, Haydenaspis parvatya n. gen. and sp., occurs in
association with Prozacanthoides lahiri n. sp. and some basal
ptychoparioids including Probowmania bhatti n. sp. and
Mufushania nankingensis? The latter species is closely comparable to M. nankingensis, which occurs in the basal Maochuangian Stage and equivalent formations in China (Yuan et
al., 2002), and suggests that this level is equivalent to the base
of the Maochuangian as used in North China, or within the
top part of the Duyunian Stage as used in South China.
Globally, this level lies within the upper part of the as-yetunnamed Stage 4 of the Cambrian System, and thus to the
uppermost part of the second Series of the Cambrian System
(Figs. 7, 8).
Oryctocephalus indicus level.—Unfortunately, we recovered
no O. indicus (Reed, 1910) in our collections, but Hayden
(1904) recovered the eponymous species in association with
Kunmingaspis pervulgata (Reed, 1910), Pagetia significans
(Etheridge, 1902) and an undetermined ptychoparioid species
from his level 2, in the lower part of the Parahio Formation in
the same section (Fig. 3). An Oryctocephalus indicus Zone has
been recognized in South China and in the Great Basin (Yuan
et al., 2002; Sundberg and McCollum, 2003). Although neither
the stratigraphical range nor FAD of Oryctocephalus indicus is
precisely known in the Parahio Valley section, where our
collections show species in common with his, the relative
thicknesses of the stratigraphic intervals between Hayden’s
collecting horizons correlate well with our own, despite
Hayden’s (1904) significant underestimate of the total
stratigraphic thickness of the entire section. Hence we can
project the stratigraphic height of Hayden’s O. indicus level
within our section. We estimate the O. indicus level to be at
about 200 m above the base of the measured section (Fig. 3),
which also is the level at which a thick sandstone unit is
succeeded by a thick shale, probably equivalent to the
boundary between a large-scale shoaling cycle. Globally, the
FAD of O. indicus will perhaps be used for defining the base of
the as-yet-unnamed Stage 5 of the Cambrian System (Peng
and Babcock, 2005; Babcock et al., 2005) (Figs. 7, 8). The
Tethyan Himalayan O. indicus level in Spiti appears to
correlate with the base of the Taijiangian Stage in South
China and with a level within the basal part of Delamaran
Stage, which is close to the boundary between the Delamaran
and the underlying Dyeran 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., 2004c; Yuan et al., 2002; Zhao et al., 2004) (Figs. 7, 8).
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Kaotaia prachina Zone.—Three new species, Kaotaia prachina n. sp., Bhargavia prakritika n. gen. and n. sp., and
Xingrenaspis parthiva n. sp., characterize this zone (Fig. 3).
The lowest occurrence of the eponymous species is at 433.4 m
above the base of the Parahio Formation in the Parahio Valley
section, and the zone extends at least up to 439.67 m. The
potential for correlation of the zone is limited because each of
these species is new, but based on its inferred stratigraphic
position above the Oryctocephalus indicus level and below that
of Paramecephalus defossus, it must lie within the lower part of
the informal global Stage 5. Both the occurrence of Kaotaia
(sensu stricto), which ranges through the middle and upper
parts of the Kaili Formation in South China (O. indicus Zone
through Oryctocephalus orientalis Zone) (Zhang et al., 1980a;
Yuan et al., 2002), and the occurrence of Bhargavia in the
Great Basin, which occurs in the Albertella Zone of the
Carrara Formation (Palmer and Halley, 1979), support this
correlation.
At 580.2 m in the Parahio Valley section we collected
Gunnia sp. 1 (Fig. 3). We estimate this to be equivalent to the
position of Hayden’s (1904) level 4, from which he collected
material that we here attribute to Mufushania sp.
Paramecephalus defossus Zone.—The middle 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), Douposiella
himalaica (Reed, 1910), and Changqingia sp. Monanocephalus
urceolatus (Reed, 1910) also belongs to the fauna (Hayden,
1904; Reed, 1910; Jell and Hughes, 1997) (Fig. 3). Paramecephalus defossus initially 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 confined to this
zone except for K. stracheyi, which ranges upward into the
Oryctocephalus salteri Zone. The interval occupied by this
zone and the subsequent O. salteri Zone is probably correlated
to the middle of the Taijiangian Stage of South China based
on their faunal assemblage, and this correlation is discussed
further below.
Oryctocephalus salteri Zone.—This zone contains the
richest and most diverse trilobite assemblage within the
Parahio Valley section (Fig. 3). It occurs within a 0.75 m
interval on the north side of the Parahio Valley, where its base
is at 835.66 m, and within an equivalent stratigraphic interval
of no more than 10 m thickness at the northwestern end of the
Sumna Valley, Spiti (Fig. 2). The lowest occurrence of the
eponymous species is associated with Ziboaspis hostilis (Reed,
1910). Other trilobites belonging to this zone are from slightly
higher levels from the Sumna Valley and include Opsidiscus
haimantensis? (Reed, 1910), Monanocephalus maopoensis
(Reed, 1910), Hundwarella memor (Reed, 1910), Solenoparia
talingensis (Dames, 1883), Solenoparia sp. cf. S. shanxiensis
(Zhang and Wang, 1985), Altiocculus sp. cf. A. striatus (Nan
and Chang, 1980), Xingrenaspis shyamalae n. sp., Poriagraulos
sp. indet., and Gunnia sp. 2. All these species are confined to
this zone, which also contains a shale at 836.41 m above the
base of the section on the north side of the Parahio Valley,
which is the location of Hayden’s (1904) level 9.
With the exceptions of Altiocculus, Hundwarella, and
Opsidiscus, all of the genera in this and the underlying
Paramecephalus defossus Zone occur in South China exclusively in formations belonging to the Taijiangian Stage (i.e.,
the Doupossu, Kaotai and the middle and upper Kaili
formations), and in North China within formations belonging
to the upper Maochuangian and lower Hsuchuangian stages.
Solenoparia talingensis provides specific correlation with the
upper Hsuchuang Formation in central Shandong Province,
North China. In Australia, Gunnia is known from formations
of the Ordian-early Templetonian stages, and Kruse (1990)
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reported a post-Redlichia age for G. lutea in the Daly Basin,
North Territory. Opsidiscus is a fairly widespread form,
known from the middle Cambrian of Australia, the Altai
Mountains, the Siberian Platform, Greenland, and Sweden.
Taking these stratigraphic positions into account, the Tethyan
Himalayan Paramecephalus defossus and Oryctocephalus salteri zones are best correlated with the middle Taijiangian 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 (1904) level 13 has also been reported to
occur at this level, which is at about 1050 m above the base of
the section (Fig. 3). Jell and Hughes (1997) suggested a latest
Hsuchuangian age for this level, which corresponds to the late
Taijiangian of South China (probably in the Ptychagnostus
gibbus 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 Sudanomocarina sinindica Zone)
may be only slightly younger than the uppermost trilobite beds
we recognized in the Parahio Valley section (the Iranoleesia
butes level), as the species Iranoleesia butes is common to both
horizons.
Sudanomocarina sinindica Zone.—This zone occupies the
topmost part of the Parahio Formation in the Purni 1 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 m, 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 Proasaphiscus simoni n. sp. and Hundwarella memor?, both of which
occur within the range of the eponymous species. Sudanomocarina is known from the upper Ptychagnostus gibbus Zone
through the basal Lejopyge laevigata Zone in South China,
which is equivalent to the uppermost Taijiangian through
basal Guzhangian stages, the Peronopsis [5Euagnostus]
opimus Zone in Queensland, which corresponds to the upper
part of the P. atavus Zone of South China, and to the
Crepicephalus Zone in North China, which roughly corresponds to the P. gibbus and P. atavus zones of South China.
This suggests a correlation of the Sudanomocarina sinindica
Zone with the uppermost Taijiangian plus the overlying
Wangcunian stages of South China or the Floran and
Undillian stages of Australia (Shergold et al., 1985) (Fig. 7).
The occurrence of Proasaphiscus in the equivalent interval in
both South and North China supports this correlation.
Peronopsis acadica has its upper boundary within this interval
(Robison, 1995).
Lejopyge acantha Zone.—The Teta Member of the Karsha
Formation in Kuru 1 section (Fig. 5) includes the most diverse
trilobite assemblage yet 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,
1851), Diplagnostus sp., Hypagnostus brevifrons (Angelin,
1851), Lejopyge acantha Robison, 1984, ?Pseudophalacroma
ovale Yang, 1982, Ptychagnostus aculeatus (Angelin, 1851),
Tomagnostella exsculpta (Angelin, 1851), Utagnostus 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 (Jell and Hughes, 1997), Neoanomocarella
asiatica Hsiang in Egorova et al., 1963, Torifera jelli n. sp.,
Parablackwelderia 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 laevigata Zone
of South China (Peng and Robison, 2000; Peng et al.,
2004a,b), and all these Himalayan agnostoid taxa are also
common in the Lejopyge laevigata Zone in other parts of the
world. This interval of the Teta Member of the upper Karsha
Formation is referred to the Lejopyge acantha Zone. As noted
by Peng and Robison (2000), the L. laevigata Zone of South
China is correlatable with the Solenopleura brachymetopa
Zone of Sweden (Westergård, 1946), and to the lower part of
the revised L. laevigata 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 Lejopyge laevigata (Peng et al., 2009) (Figs. 7, 8).
Proagnostus bulbus Zone.—The Surichun Member of the
Kurgiakh Formation constitutes the Proagnostus bulbus Zone
(Fig. 6). The KH3 collection from the Surichun La nulla
section, north of Kurgiakh, Zanskar Valley, yields a diverse
fauna with Baltagnostus rakuroensis (Kobayashi, 1935),
Clavagnostus calensis Rusconi, 1950a, Diplagnostus planicauda
(Angelin, 1851), Fuchouia oratolimba Yang in Zhou et al.,
1997, Goniagnostus spiniger (Westergård, 1931)(see Jell and
Hughes, 1997, Peng and Robison, 2000), Goniagnostus sp.
indet., Himalisania sudani (Jell and Hughes, 1997), Hypagnostus parvifrons (Linnarsson, 1869), Lejopyge acantha Robison,
1984, Lejopyge armata (Linnarsson, 1869), Lejopyge calva?,
Lejopyge sp., Parablackwelderia sheridanorum (Jell and
Hughes, 1997), Schmalenseeia amphionura Moberg, 1903,
Torifera jelli n. sp., Hypagnostus parvifrons (Linnarsson,
1869), Linguagnostus kjerulfi (Brögger, 1878), and Proagnostus
bulbus bulbus Butts, 1926.
Proagnostus bulbus bulbus also occurs 97.44 m above the
base of the Kuru 2 section (in collection KU2) on the north
side of the Tsarap Lingti Chu, Zanskar Valley.
The eponym suggests a direct correlation to the P. bulbus
Zone of South China. The presence of Fuchouia oratolimba in
the Proagnostus bulbus Zone of both countries supports this
correlation. The Proagnostus bulbus Zone of South China
corresponds to the traditional Lejopyge laevigata Zone of
Sweden (Peng and Robison, 2000), which corresponds only to

r
FIGURE 9—Clavagnostidae from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. 1,2,
Clavagnostus calensis Rusconi, 1950a, cephalon from shale collected at KH3 locality in Surichun La nulla, Surichun Member, Kurgiakh Formation,
Zanskar, WIHGF635, 315. 3–5, Clavagnostus trispinus Zhou and Yang in Zhou, Liu, Mong, and Sun, 1977 from limestone at 36.55 m (KU4 collection)
above base of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu. 3, cephalon,
WIHGF701, 313. 4, 5, pygidium, WIHGF697A and -697B, 311.5: 4, WIHGF679A; 5, latex of counterpart, WIHGF679B. 6–18a, Utagnostus neglectus
Jago, 1976 from limestone collected at 36.05 m above base (KU6 collection) above base of the Kuru 1 section opposite Kuru, Teta Member, Karsha
Formation, on the north side of the Tsarap Lingti Chu. 6–11, 13, 14, 17, cephala: 6, WIHGF609.10, 332; 7, WIHGF609.8, 337.5; 8, WIHGF609.2,
336.25; 9, WIHGF609.12, 343.5; 10, WIHGF609.13, 329.5; 11, WIHGF609.4, 337; 12, pygidium, WIHGF609.6, 334.25; 13, WIHGF609.7, 333.5;
14, WIHGF1007, 322; 15, two pygidia, WIHGF609.6, 342; 16, pygidium WIHGF1027.2, 339; 17, WIHGF609.3, 331.75; 18, pygidium (labeled ‘a’),
WIHGF609.5, with cephalon of Hypagnostus brevifrons WIHGF609.14, (labeled ‘b’), 337.5.
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the upper half of the expanded Lejopyge laevigata Zone
(Axheimer et al., 2006) (Figs. 7, 8).
Significant additional material from these sections.—The
record of Paranomocarella conjunctiva (Reed, 1910) within a
‘‘limestone conglomerate’’ near ‘‘Changnu Encamping
Ground’’ near the confluence of the ‘‘two main branches of
the Parahio River’’ (Hayden, 1904, p. 17; Reed, 1910, p. 46) is
problematical. We take this location to be where the Parahio
River meets the Sumna River. Our collections PO11–PO14 were
from a limestone outcrop on the south bank of the Parahio
River near this point, but no limestone conglomerate was
recorded there or anywhere in our stratigraphic analysis of the
Parahio Formation. Furthermore, specimens collected from this
level are clearly older than rocks elsewhere that bear Paranomocarella or 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 conjunctiva were derived from 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 Parahio
Formation in the Parahio Valley but older than the base of
the known stratigraphic range of Paranomocarella and Szeaspis.
We were unable to relocate the site of Kumar’s (1998)
collection from the Kurgiahk region of the Zanskar Valley
but, on the basis of inspection of the published figures, we
consider it to contain Peronopsis 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 Iranoleesia butes level to the Sudanomocarina sinindica
Zone. From Kumar’s (1998) description his locality may have
been close to the site of our 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 from elsewhere in the Himalaya. Here we comment
on the relationship between the Cambrian fauna of the Parahio
Valley and that of the Pohru Valley of Kashmir, as this has
recently been debated (Parcha, 2005a,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 described by Jell (1986) pre-date the level at
which Linguagnostus reconditus first appears. As the FAD of
L. reconditus 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 Parahio Formation in the Parahio
Valley, which has persistently been considered to range up into
the late Cambrian (e.g. Reed, 1910; 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, eurytopic, and geographically widespread trilobites from the Nutunus 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 Oryctocephalus salteri Zone or

Iranoleesia butes level in the upper part of the Parahio
Formation. This conclusion, first proposed by Jell and Hughes
(1997), is supported 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, 2005a, 2006) of the view that trilobites from
the lower part of the Nutunus Formation indicate temporal
equivalence to the lower part of the Parahio Formation.
The occurrence of trilobites in Spiti and Zanskar is
restricted to relatively narrow stratigraphic intervals 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 trilobitebearing 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 require marked biofacies differentiation between the Kashmiri and Parahio Valley sections
that has been invoked by some authors (e.g. Shah, 1993).
FAUNAL PROVINCIALITY

Tabulation of genera and species from Zanskar and Spiti in
the context of global occurrence (Table 1) confirms differences
in the geographic ranges of the agnostoid and polymerid
components of the fauna (Jell and Hughes, 1997). Himalayan
agnostoid genera were largely cosmopolitan in their distribution: the diverse agnostoid fauna of the Karsha and Kurgiakh
formations is Guzhangian in age, a time interval particularly
known for cosmopolitan agnostoid species (Brock et al.,
2000). Although agnostoid 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 Vietnam and Iran probably reflects the poor
knowledge of the Cambrian faunas from these regions.
Among the eodiscinids, Opsidicus had a sporadic but
cosmopolitan distribution, whereas Pagetia 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 species include
Oryctocephalus indicus and Schmalenseeia amphionura, and
genera such as Redlichia, Prozacanthoides and Torifera, all of
which occur on several Cambrian paleocontinents. A particularly notable distribution is that of Koldinia, of which we
have a new species. Other Koldinia species are known only
from Europe and Siberia. Likewise, the new genus Bhargavia
is known from only the Himalaya and North America.
The great majority of Himalayan polymerid taxa have
congeners within southern Asia, and the occurrence of
common redlichiid, oryctocephalid, ptychopariid, solenopleurid, damesellid, and lisaniid taxa all evince equatorial
peri-Gondwanan affinity. Among those Himalayan polymerids confidently assigned to either genera or species, shared
occurrence is highest with South China. Ten out of 37 (27%)
Himalayan species are common to both regions, and 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 series 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 Yangtze block is particularly comprehensive and this
might inflate apparent similarity. Many Himalayan taxa are
also common to North China [3 species (8%) and 17 genera
(53%)] and to Australia [11 genera (34%)]. Thirteen Himalayan taxa (either genera or species) found in North China are
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TABLE 1—Distribution of Himalayan Cambrian trilobite genera and species from Zanskar and Spiti. Line signifies boundary between agnostoid and other
trilobites. Italics indicate presence in region of specimens definitively assigned to genera or species, even though Himalayan assignments are questionable.

Proagnostus bulbus bulbus
Clavagnostus calensis
Baltagnostus rakuroensis
Hypagnostus parvifrons
Lejopyge armata
Lejopyge acantha
Lejopyge calva?
Lejopyge sp. indet.
Linguagnostus kjerulfi
Goniagnostus spiniger
Goniagnostus sp. indet.
Utagnostus neglectus
Diplagnostus planicauda
Diplagnostus sp. indet.
Hypagnostus brevifrons
?Pseudophalocroma ovale
Ptychagnostus aculeatus
Tomagnostella exsculpta
Ammagnostus sp. cf.
laiwuensis
Valenagnostus imitans?
Clavagnostus trispinus
Peronopsis acadica
Neoanomocarella asiatica
Himalisania sudani
Koldinia odelli
Torifera jelli
Chatiania? sp. indet.
Fuchouia bulba
Fuchouia oratolimba
Parablackwelderia jimaensis
Parablackwelderia
sheridanorum
Parablackwelderia yangi?
Parablackwelderia? sp. indet.
Schmalenseeia amphionura
Olenus? sp. indet.
Sudanamonocarina sinindica
Proasaphiscus simoni
Eosoptychoparia sp. indet.
Probowmaniella? sp. indet.
Poriagraulos sp. indet.
?Iranoleesia butes
Xingrenaspis dardapurensis
Xingrenaspis hoboi
Xingrenaspis shyamalae
Xingrenaspis parthiva
Paranomocarella conjunctiva
Solenoparia talingensis
Solenoparia sp. cf. shanxiensis
Gunnia smithi
Gunnia sp. 1
Gunnia sp. 2
Altiocculus sp. cf. striatus
Monanocephalus maopoensis
Monanocephalus urceolata
Hundwarella memor
Ziboaspis hostilis
Opsidiscus haimantensis?
Chanqingia sp. indet.
Paramecephalus defossus
Douposiella himalaica
Kunmingaspis stracheyi
Kunmingaspis pervulgata
Kaotaia prachina
Kaotaia sp. cf. gedongensis
Bhargavia prakritika
Oryctocephalus indicus
Oryctocephalus salteri
Pagetia significans
Haydenaspis parvatya
Prozacanthoides lahiri
Mufushania civica
Mufushania nankingensis
Probowmania bhatti
Inouyia sp. indet.
Redlichia noetlingi

South China

North China

Siberia

Europe

North America

S
S
G
S
S
S
S

G
G
S
S
S

S
G
S
S
S

S
G
G*
S
S

S
G

S
S

S
G

S
S

S
S
S

S
S
S

S
S

S

S
S

S
S

S
S

S
G

G

S
S

G*
S

S

S

S
G
S
G

S
G
S*
S

S
G
S
S

S

G
G*
G
S
S

G
G
S

G
G
S
S
G
G

S
S

G

Australia Kazakhstan

S
S
S
S

G

G
S
S
S
S
G

G
G
G

G
S
G
S

G
G
S
S
S

G

G

G

G
G

G

G

G

G

G

G

S

G
G
G

G

G
G
S
G
G

G
G

G

G
G
S

G
G
S
G
S

G
G

S

G*

G
S
S

G

G
G

S

G

G

G

G
G
G
G

G

G

G

G
G

G
G

G
G

G

G
G
S

S

G
G

S

G
G
G

G

G
S
S

G

S

G

S

S
G
S
S

G
S
G

G
S
G

S
S

G

S

G

S
G

Iran

G*

G
G
G

G*

S
G
G
G

S
S

Vietnam

G

G

G

G

G

* indicates assignments for which the original illustrations have not been seen by us. G 5 same genus. S 5 same species.

G*
G

S
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also recorded in South China, 6 Himalayan taxa are found in
both North 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 are not as distinctive as was
previously supposed (e.g. Shergold, 1988) and also suggest
closer affinity between the Himalaya and both South and
North 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 biogeographic 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
occurring in Vietnam and in Iran must relate partially to
limited 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, 1998; Brock et al.,
2000), 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
similarities in the first and second series of the Cambrian
System, reviewed by Hughes et al. (2005), and we suggest a
closer association between South China and the Himalayan
margin than that advocated by Torsvik and Cocks (2008) for
the fourth series of the Cambrian. Our results 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
‘‘outboard’’ terranes, with closer connections to the Himalayan region.
SYSTEMATIC PALEONTOLOGY

The taxonomic 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 Peng and Robison (2000). Pre-occipital glabellar
length is specified as a comparative measure rather than
glabellar length (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.—Many of the species described in this
monograph are basal libristomate trilobites assigned to the
order ‘‘Ptychopariida’’, a group widely acknowledged to be
paraphyletic at best, and likely polyphyletic. Trilobites 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
commonly differ subtly in the relative proportions or degree
of expression of a rather modest set of characters. This pattern
of variation, 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 ptychopariid problem presents several challenges. While we anticipate that considerable synonymy among
Cambrian ptychopariid species and genera will ultimately be

justified, in most cases the extent of information available is so
limited that a more conservative approach is appropriate.
Where possible we have referred our new specimens to well
described species in which the nature of intraspecific variation,
ontogenetic or otherwise, can be evaluated to some degree.
Where we have recognized new ptychopariid taxa, each is based
on multiple specimens that are preserved with original relief,
that span a range of sizes and, for all 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 (CMCP);
Geological Survey of India, Kolkata, India (GSI); Nanjing
Institute of Geology and Palaeontology, Chinese Academy of
Sciences, Nanjing, China (NIGP), and the Geological
Museum, Wadia Institute of Himalayan Geology, Dehra
Dun, India (WIHGF).
Class TRILOBITA Walch, 1771
Order AGNOSTIDA Salter, 1864
Family AMMAGNOSTIDAE Öpik, 1967
Genus AMMAGNOSTUS Öpik, 1967
Type species.—Ammagnostus psammius Öpik, 1967, p. 139;
from the Glyptagnostus stolidotus Zone, O’Hara Shale,
Queensland, Australia, by original designation.
Diagnosis.—See Peng and Robison (2000, p. 25).
Discussion.—Peng and Robison (2000) placed Agnostoglossa Öpik, 1967, Glyptagnostus (Lispagnostus) Öpik, 1967,
and Tentagnostus Sun, 1989 in synonymy with Ammagnostus
Öpik, 1967 and provided a revised diagnosis for the genus.
Their generic concept is followed herein.
AMMAGNOSTUS SP. cf. A. LAIWUENSIS (Lorenz, 1906)
Figure 15.4–15.5
cf. Agnostus fallax var. laiwuensis LORENZ, 1906, p. 82–84, pl.
4, figs. 7, 8.
cf. Ammagnostus laiwuensis (Lorenz); PENG AND ROBISON, 2000,
p. 27, fig. 20. (see for synonymy up to 2000); JAGO AND
BROWN, 2001, p. 8, pl. 2, figs. G, K, L; JAGO, BAO AND
BAILLIE, 2004, p. 25, figs. 3B–F; LIEBERMAN, 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 Peronopsis gullini
Jago (1976a, pl. 21 figs. 1–9), which was placed in synonymy
with Ammagnostus laiwuensis (Lorenz, 1906) by Peng and
Robison (2000). The Indian pygidium 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 collection KU5 at 36.05 m above base of
the Kuru 1 section opposite Kuru on the north side of the
Tsarap Lingti Chu, Zanskar valley, Karsha Formation (Teta
Member); Guzhangian Stage, Lejopyge acantha Zone.
Genus PROAGNOSTUS Butts, 1926
Type species.—Proagnostus bulbus Butts, 1926, p. 76 (in
part); from the Middle Cambrian of Alabama, by original
designation.
PROAGNOSTUS BULBUS BULBUS Butts, 1926
Figure 15.6, 15.7
Proagnostus bulbus BUTTS, 1926, p. 76 (in part), pl. 9, fig. 12,
not 11; ROBISON, 1988, p. 41, figs. 8.9–8.15 (see for

HIMALAYAN CAMBRIAN TRILOBITES
additional synonymy); PRATT, 1992, p. 30, figs. 8.9–8.15 (see
for additional synonymy); PEGEL, 2000 p. 1015, 1016, fig.
12.2, fig. 13.1, 13.2; JAGO, BAO AND BAILLIE, 2004, p. 28,
figs. 3G–Q.
Homagnostus fussus ROMANENKO, 1988; GOGIN AND PEGEL,
1997, p. 109–110, pl. 23, figs. 5, 7, 11.
Agnostid indet., JELL AND HUGHES, 1997, p. 98, pl. 30, figs.
14, 15.
Proagnostus bulbus bulbus BUTTS, 1926; PENG AND ROBISON,
2000, fig. 25.14–25.21.
not Proagnostus bulbus sinensis (PENG, 1987); PENG AND
ROBISON, 2000, fig. 25.1–25.20 (see for additional synonymy).
New material.—One dorsal exoskeleton (WIHGF666)
preserved in shale.
Discussion.—A single exoskeleton from opposite Kuru,
Zanskar lacks most of the left side and has been deformed
by transverse compression. The cephalic lateral border and the
pygidial borders are also partially broken. This specimen has a
preglabellar median furrow, a constricted acrolobe, a parallelsided posteroglabella that is angular posteriorly and bears
a broad and inward-impressed F2, and a long pygidial axis
with the posteroaxis slightly expanded at the sides with F1
and F2 furrows that are largely effaced. The transglabellar
furrow (F3) appears to be curved forward, but this, and the
angularity of the posteroglabella, is likely the result of
deformation. The observed features warrant assignment to
Proagnostus bulbus.
Additional material including an exoskeleton and a pygidium
described previously as Agnostid indet. from low in the Kurgiakh
Formation at Kurgiakh, Zanskar (Jell and Hughes, 1997, pl. 30,
figs. 14, 15). The exoskeleton has a transverse glabellar F3 that is
diagnostic of the subspecies Proagnostus bulbus bulbus.
Occurrence.—In shales from collection KU3, at an unspecified height in the interval between 97.44 m (KU2 collection)
and 111.2 m (KU1 collection) above the base of the Kuru 2
section opposite Kuru in the Zanskar Valley, and at the
Surichun La nulla site near Kurgiakh (KH3), near the base of
the Kurgiakh Formation (Surichun Member); Guzhangian
Stage, Proagnostus bulbus Zone. Proagnostus bulbus (s. l.) has
a global distribution in Australia, Canada, China, England,
Kazakhstan, Greenland, Russia and the USA; in South China
Proagnostus bulbus is known in the eponymous zone and
ranges up into the lower part of Linguagnostus reconditus
Zone, but the subspecies Proagnostus bulbus bulbus is
restricted almost exclusively to the Proagnostus bulbus Zone;
middle Guzhangian (lower Kushanian) Stage.
Family CLAVAGNOSTIDAE Howell, 1937
Discussion.—To date this family includes only three valid
genera, Clavagnostus Howell, 1937, Aspidagnostus Whitehouse, 1936, and Utagnostus Robison, 1964, each of which is
regarded as a subfamily of the Clavagnostidae. Some genera,
such as Triadaspis and Nahannagnostus, were previously also
assigned to Clavagnostidae but have been transferred to other
families or are regarded as doubtfully assigned. Based on
Clavagnostus and Aspidagnostus respectively, Öpik (1967)
erected subfamilies Clavagonostinae and Aspidagnostinae.
This viewpoint was followed by Shergold et al. (1990) and
Shergold and Laurie (1997), but was rejected by Pratt (1992)
and Peng and Robison (2000), who favored the family
undivided. In reviving Clavagnostus (Paraclavagnostus) Yang
and Liu in Yang et al., 1991 as a valid taxon and elevating it to
a full genus, Jago et al. (2004) established a third subfamily,
the Utagnostinae. Clavagnostus (Paraclavagnostus) was previously regarded as a junior subjective synonym of Clavagnostus (Peng and Robison, 2000) but is herewith reconsidered
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to be synonymous with Utagnostus (see detailed discussion
below under genus Utagnostus). In following Pratt (1992) and
Peng and Robison (2000), we maintain Clavagnostidae at the
familial rank and do not recognize subfamilies within it.
Genus CLAVAGNOSTUS Howell, 1937
Type species.—Agnostus repandus Westergård in Holm and
Westergård, 1930, from the upper middle Cambrian of
Sweden, by original designation.
Diagnosis.—See Peng and Robison, 2000, p. 38.
CLAVAGNOSTUS CALENSIS Rusconi, 1950a
Figure 9.1–9.2
Clavagnostus calensis RUSCONI, 1950a, p. 73, fig. 3; PENG AND
ROBISON, 2000, p. 39, fig. 27 (see for complete synonymy).
Clavagnostus cf. repandus (WESTERGÅRD in Holm and
Westergård, 1930); JELL AND HUGHES, 1997 (in part),
p. 96, figs. 30.2, 30.3 not 30.1, 30.4–30.7 [5Clavagnostus
trispinus ZHOU AND YANG in Zhou, Liu, Mong and Sun,
1977].
Clavagnostus sp., JELL AND HUGHES, 1997, p. 96, fig. 30.3.
New material.—One cephalic external mold (WIHGF635)
preserved in shale.
Discussion.—A single newly recovered cephalon that is
strongly scrobiculate is referred to Clavagnostus calensis. The
cephalon has a pair of slender posterolateral border spines,
and bears a firmly incised preglabellar median furrow. The
glabella is lanceolate, accuminate in front, and approximately
three-fifths of the cephalic length with a centrally-placed
elongate node. The basal lobes are clearly defined, and
subtriangular in shape. The glabellar posterior is not well
preserved in this specimen but appears to be angular. Except
for stronger scrobiculation and the slightly shorter proportions of the glabella, the features of this specimen agree well
with those of C. calensis. Such differences are minor and are
regarded as intraspecific variations.
The present specimen is closely similar to C. spinosus in
glabellar shape and proportion but differs in the presence of
scrobiculation and in the defined basal lobes. The glabella in
both 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. calensis. 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 (Jell and Hughes, 1997,
fig. 30.2) seems also to be conspecific. This specimen is similarly
strongly scrobiculate, bears a clearly defined 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 shale.
Occurrence.—The new collection has a single cranidium of
Clavagnostus calensis in collection KH3 from the Surichun La
nulla section north of Kurgiakh, Zanskar, Kurgiakh Formation (Surichun Member); Guzhangian Stage, Proagnostus
bulbus Zone. In South China, this species occurs in the
Lejopyge laevigata Zone and possibly also in the Proagnostus
bulbus Zone (Peng and Robison, 2000).
CLAVAGNOSTUS TRISPINUS Zhou and Yang in Zhou, Liu,
Mong and Sun, 1977
Figure 9.3–9.5
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FIGURE 10—Diplagnostus from limestone collected at 36.05 m above base (KU6 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 photography. All likely holaspid. 1–10, Diplagnostus planicauda (Angelin, 1851): 1–5, cephala. 1, WIHGF1007, 329.25; 2, WIHGF602.3, 331;
3, WIHGF602.1, 322; 4, WIHGF1018.2, 323.25; 5; WIHGF722.1, 314.75; 6–11, pygidia; 6, WIHGF717, 312.75; 7, WIHGF1018.1 314.5; 8,
WIHGF817.2, 317.25; 9, WIHGF1035, 315.75; 10, WIHGF859, 3 15; 11, Diplagnostus sp. indet., WIHGF1017, 323.5.

Clavagnostus trispinus ZHOU AND YANG in ZHOU, LIU, MONG
AND SUN, 1977, p. 108, pl. 36, fig. 4; PENG AND ROBISON,
2000, p. 41, fig. 29 (see for complete synonymy).
Clavagnostus cf. repandus WESTERGÅRD in Holm and Westergård, 1930); JELL AND HUGHES 1997 (in part), p. 96, figs.
30.4, 30.5, 20.7, ?30.1, 30.6 not 30.2 [5Clavagnostus calensis
RUSCONI, 1950a.]
New material.—One cephalon (WIHGF701) and one
pygidium (part WIHGF697A and counterpart WIHGF697B)
preserved in limestone.
Discussion.—Peng and Robison (2000) rediagnosed and
discussed the species. The significant features that suggest an
assignment to Clavagnostus trispinus for the new material from
the Teta Member 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 pygidium.
The glabellar features, including an entire anterior 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 Clavagnostus repandus 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 C. repandus, as the absence of this feature
distinguishes that species from C. trispinus. Clavagnostus
repandus may differ further in having a less constricted
anteroglabella and a more clearly defined and more anteriorly
placed glabellar node.
Occurrence.—Disarticulated cephala and pygidia of Clavagnostus trispinus are present in limestones from collection KU4,
at 36.55 m above the base of the Kuru 1 section opposite Kuru,
Zanskar, Karsha Formation (Teta Member); Guzhangian
Stage, Lejopyge acantha Zone. In Zanskar, specimens now
assigned to 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 Proagnostus bulbus Zone. Clavagnostus
trispinus is known from South China and Greenland, and found
through most of the Lejopyge laevigata and Proagnostus bulbus
zones (Peng and Robison, 2000). The present report extends its
occurrence to the Tethyan Himalaya.
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Genus UTAGNOSTUS Robison, 1964
Utagnostus ROBISON, 1964, p. 532–533; PENG AND ROBISON,
2000, p. 45 (see for synonymy up to 2000); SLOAN AND
LAURIE, 2004, p. 197.
Clavagnostus (Paraclavagnostus) YANG AND LIU in Yang et
al., 1991, p. 102; 1993, p. 132.
Paraclavagnostus YANG AND LIU in Yang et al., 1991; JAGO,
BAO, AND BAILLIE., 2004, p. 31.
Type Species.—Utagnostus trispinulus Robison, 1964 from
the Marjum Formation, upper part of middle Cambrian of
western Utah, by original designation.
Diagnosis.—See Peng and Robison, 2000, p. 45.
Discussion.—Clavagnostus (Paraclavagnostus) Yang and
Liu in Yang et al., 1991, also Jago et al. (2004), is here
regarded to be synonymous with Utagnostus. Peng and
Robison (2000, p. 37) considered the subgenus to be a junior
synonym of Clavagnostus, but Jago et al. (2004) pointed out
that Clavagnostus (Paraclavagnostus) is more closely related
to Utagnostus. The later authors elevated the subgenus to
generic status, and erected a new subfamily Utagnostinae Jago
et al. (2004) to accommodate Utagnostus and Paraclavagnostus. We agree with Jago et al. (2004) that Clavagnostus
(Paraclavagnostus) is not a synonym of Clavagnostus and is
closely allied to Utagnostus but consider it as a junior synonym
of Utagnostus. In their discussion, Jago et al. (2004, p. 31)
emphasized that Paraclavagnostus can be differentiated from
Utagnostus by two features: Utagnostus trispinulus, the type
species of Utagnostus, has ‘‘a distinct transverse glabellar
furrow and a longer, more expanding pygidial 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, 1964) and South
China (Peng and Robison, 2000) demonstrate that such
characters vary even within single species. Additional material
from Utah shows that Utagnostus songae, which is characterized by a distinct transverse glabellar furrow, has an even
narrower ogival postaxial region than Clavagnostus (Paraclavagnostus) variatus, the type species of Paraclavagnostus.
The new material of Utagnostus neglectus, described below
from Zanskar, provides further support for the suppression of
Paraclavagnostus because there is variation in the presence or
absence of the transglabellar furrow, suggesting that one of the
features considered diagnostic for Clavagnostus (Paraclavagnostus) is an intraspecific 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 transverse depression on the posteroaxis and the presence of
a median border spine on the pygidial border are also shared
by Utagnostus.
The concept of Utagnostus outlined by Peng and Robison
(2000) is followed herein. Utagnostus neglectus, which was
included in Utagnostus but transferred recently to Paraclavagnostus (Jago et al., 2004), is here reassigned back to
Utagnostus. Peng and Robison (2000, p. 45–46) regarded that
the marked reduction of the anteroglabella justified the
assignment of Utagnostus to Clavagnostidae. The variable
occurrence of the transverse glabellar furrow in our new
material of U. neglectus 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 Utagnostus, we further regard the differences
between Clavagnostus and Utagnostus as insufficient to justify
another subfamily, and thus reject Utagnostinae.
Occurrence.—In addition to the occurrence of Utagnostus in
Utah, Australia (Tasmania and New South Wales), and the
Canadian Rocky Mountains (Robison, 1964; Jago, 1976a, b;
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Westrop et al., 1996), the genus has also been reported from
South China (Peng and Robison, 2000). This record of U.
neglectus in Zanskar extends its distribution to the Tethyan
Himalaya. The genus ranges from the Ptychagnostus punctuosus Zone through the Proagnostus bulbus Zone (Peng and
Robison, 2000, p. 45).
UTAGNOSTUS NEGLECTUS Jago, 1976a
Figure 9.6–9.18a
Utagnostus neglectus JAGO, 1976a, p. 67, pl. 23, fig. 13;
SHERGOLD AND LAURIE, 1997, p. 373, fig. 235.3c; PENG
AND ROBISON, 2000, p. 45.
Utagnostus? nevel JAGO, 1976b, p. 5, pl. 2, figs. 9–10.
Paraclavagnostus neglectus YANG AND LIU in Yang et al.,
1991; JAGO, BAO AND BAILLIE, 2004, p. 31.
Material.—More than 10 disarticulated cephala and pygidia
on one piece of rock (WIHGF609.1–WIHGF609.13), cephalon (WIHGF1007) and pygidium (WIHGF1027.2), all preserved in limestone.
Discussion.—The disarticulated cephala and pygidia show
the distinctive features that are identical in almost every
respect to those of the complete exoskeleton named Utagnostus neglectus (Jago, 1976a, pl. 23, fig. 13, pl. 23, fig. 3) from
Tasmania. The Tasmanian exoskeleton was recently transferred to Paraclavagnostus by Jago et al., (2004), but the new
material from opposite Kuru, Zanskar justifies retaining its
original assignment. According to Jago et al. (2004) the reason
for excluding U. neglectus from Utagnostus is the undivided
glabella that lacks a transverse glabellar furrow and a
narrower pygidium than that of U. trispinulus, the type species
of Utagnostus. 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. neglectus does not
extend posteriorly as far as in full-grown pygidia of U.
trispinulus but agrees well with that of meraspid or early
holaspid specimens of U. trispinulus (Robison, 1964, pl. 2, figs.
27, 28; Peng and Robison, 2000, fig. 10). The morphology
shown by the new material resembles the type species closely
and warrants an assignment to Utagnostus.
Utagnostus neglectus and Clavagnostus (Paraclavagnostus)
variatus Yang and Liu in Yang et al. (1991, pl. 1, figs. 4–7) are
here considered to be synonymous. Previously, only a single
specimen or few specimens have been available for each
species, and these suggested a taxonomically significant
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 constricted
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 Utagnostus (?) nevel and U.
neglectus in synonymy. Although Jago et al. (2004) recently
argued for the validity of Utagnostus (?) nevel on the basis of a
narrow and more tapered pygidial axis, the large sample of
Indian material suggests that this variation occurred intraspecifically.
Utagnostus neglectus characterized the Lejopyge laevigata I
to III zones in Tasmania, Australia (Jago, 1976a, b),
suggesting correlation of those zones with the KU6 collection.
Occurrence.—Disarticulated cephala and pygidia of Utagnostus occur in collection KU6 from 36.05 m above base of the
Kuru 1 section opposite Kuru, Zanskar, Karsha Formation
(Teta Member); Guzhangian Stage, Lejopyge acantha Zone.
This species occurs in Australia, Canada, South China and the
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United States, ranging from the base of Goniagnostus nathorsti
Zone through the Lejopyge laevigata Zone (Peng and Robison,
2000).
Family DIPLAGNOSTIDAE Whitehouse, 1939
Genus DIPLAGNOSTUS Jaekel, 1909
Type species.—Agnostus planicauda Angelin, 1851; from the
middle Cambrian of Sweden, by original designation. Westergård (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 to Angelin (1851).
Diagnosis.—See Peng and Robison, 2000, p. 48.
Discussion.—Jell and Hughes (1997, p. 94) pointed out that
Enetagnostus humilis Whitehouse, 1936, the type species of
Enetagnostus, and Diplagnostus planicauda, the type species of
Diplagnostus are synonymous. Peng and Robison (2000), who
discussed both the concepts of Diplagnostidae and Diplagnostus in some length, agreed with Jell and Hughes (1997) in
placing Enetagnostus in synonymy of Diplagnostus and further
suppressed Tasagnostus Jago, 1976a as a junior synonym of
Diplagnostus. We follow the generic concept of Peng and
Robison, although Jago and Brown (2001, p. 9) and Jago and
Bentley (2007, p. 288) argued for the validity of Tasagnostus
and regarded the genus as a possible ancestor of Oidalagnostus. Ontogenetic series of Oidalagnostus (Peng and Robison,
2000, fig. 42) shows that both genera differ in axial features,
both in cephalon and pygidium, and in border zonation. The
cephalic morphology of the Diplagnostidae is conservative
and there is little difference among genera and species. The
pygidia, however, are distinctive. Jago and Bentley (2007) also
considered Tasagnostus 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
sulcus does 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. paibiensis (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
Robison, 2000, figs 49–55). Accordingly, we deem neither
character to be of generic significance.
Diplagnostus is characterized by having a zonate pygidium
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 median node on M2 or on the anteroaxis. The
posteroaxis, which is ogival in shape, is longer than the
anteroaxis.
DIPLAGNOSTUS PLANICAUDA (Angelin, 1851)
Figure 10.1–10.10
Agnostus planicauda ANGELIN, 1851, p. 7, pl. 6, fig. 9.
Enetagnostus humilis WHITEHOUSE, 1936, p. 91, pl. 8, figs. 17–
19.
Diplagnostus cf. humilis (Whitehouse); WHITTINGTON, 1986,
p. 174, pl. 20, figs. 4–5.
Diplagnostus planicauda (Angelin); JELL AND HUGHES, 1997,
p. 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 material.—Ten disarticulated cephala (WIHGF602.1,
WIHGF602.3, WIHGF772.1, WIHGF1007, WIHGF1018.2)
and pygidia (WIHGF717, WIHGF817.2, WIHGF859,
WIHGF1018.1, WIHGF1035) from limestone.

FIGURE 11—Baltagnostus rakuroensis (Kobayashi, 1935) from shales
collected at the KH2 and KH3 localities of Zanskar. 1–3, from the
Surichun Member, Kurgiakh Formation, Surichun La nulla, Zanskar
valley: 1, 2, WIHGF641, KH3, 316: 1, retrodeformation showing inferred
strain ellipse; 2, original dorsal exoskeleton; 3, cephalon, WIHGF637,
KH3, retrodeformation showing inferred strain ellipse, 315.25; 4,
pygidium, WIHGF633B, KH2, from the uppermost Parahio Formation,
east of Kurgiakh village, 314.75.

Discussion.—Peng and Robison (2000) discussed intraspecific variation within this species. The diagnostic characters of
Diplagnostus planicauda specimens from Zanskar are: the
median preglabellar furrow firmly incised, transglabellar
furrow transversely sinuous or curved anteriorly, median
node elongate, M2 slightly expanded, F2 weakly impressed;
pygidial F1 firmly impressed, F2 moderately impressed, axial
node elongate to cylindrical, terminates just posterior of F2;
anterior border ridge wide (tr.), gently curved, distinct from
posterior border ridge; posterolateral spines weakly developed
or absent.
Diplagnostus planicauda displays variation in the length of
the cephalic border furrow. The material 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, illustrated
here, have a short cephalic border furrow. In contrast to the
Chinese material, the Zanskar specimens have a more
anteriorly rounded glabella and show more variation in the
length of the auxiliary furrow. The anterior of the glabella of
the specimens illustrated by Yang et al. (1993) and Peng and
Robison (2000) 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 disarticulated cephala
and pygidia of Diplagnostus planicauda Angelin, 1851 from
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36.05 m above base (KU6 collection) of the Kuru 1 section
opposite Kuru, Zanskar, Karsha Formation (Teta Member);
Guzhangian Stage, Lejopyge acantha Zone. In Zanskar this
species has previously been recorded (Jell and Hughes, 1997)
from shales of the basal Kurgiakh Formation at Surichun La
nulla (at the same site as to the present KH3 collection), which
is the base of the Proagnostus bulbus Zone. This species has a
global distribution, and in South China ranges from the
Ptychagnostus atavus Zone to the Lejopyge laevigata Zone
(Peng and Robison, 2000).
DIPLAGNOSTUS sp. indet.
Figure 10.11
Diplagnostus sp., PENG AND ROBISON, 2000, p. 50, fig. 36.
Material.—One pygidium (WIHGF1017) from limestone.
Discussion.—A single pygidium, also from the KU6
collection, resembles the pygidia assigned to Diplagnostus sp.
from South China in having a sinuous anterior ridge on the
zonate posterior border and a proportionally short axis that
bears a tiny secondary node on the terminal postaxis. A minor
difference is that the Zanskar pygidium has a slender and more
evenly tapered axis. This specimen is possibly an aberrant
form of D. planicauda.
Occurrence.—In collection KU6 from 36.05 m above base
of the Kuru 1 section opposite Kuru, Zanskar, Karsha
Formation (Teta Member); Guzhangian Stage, Lejopyge
acantha Zone.
BALTAGNOSTUS Lochman in Lochman and Duncan, 1944
Type species.—Proagnostus? centerensis Resser, 1938b,
p. 48, pl. 10, figs. 18, from the middle Cambrian Conasauga
Group of Alabama, by original designation.
Diagnosis.—See Peng and Robison, 2000, p. 50.
Discussion.—We follow Shergold and Laurie (1997) in
recognizing Baltagnostus and Pseudoperonopsis as distinct
genera. Pseudoperonopsis differs in lacking 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
Baltagnostus, which is followed herein. The genus is characterized 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
Agnostus rakuroensis KOBAYASHI, 1935, p. 103, pl. 14, figs. 17,
18; pl. 21, figs. 1, 2.
Pseudoperonopsis syrma ÖPIK, 1979, p. 44, pl. 11, fig. 7.
Pseudoperonopsis ancisa ÖPIK (in part), 1979, p. 45, pl. 11, fig.
5 only.
Peronopsis liaotungensis (RESSER AND ENDO, 1937); NAN,
1980, p. 485, pl. 200, figs. 9, 11.
Baltagnostus rakuroensis (Kobayashi); ZHANG AND JELL,
1987, p. 39–40, pl. 1, figs. 1–15; pl. 2, figs. 1–6, 8; pl. 3,
fig. 10 (see for synonymy).
Pseudoperonopsis rakuroensis (Kobayashi); SUN, 1989, p. 88,
pl. 6, fig. 16; pl. 7, figs. 1–7; GUO, ZAN AND LUO, 1996,
p. 45, pl. 1, figs. –16; pl. 8, figs. 7–12.
Baltagnostus cf. rakuroensis (Kobayashi); JELL AND HUGHES
(in part), 1997, p. 57, pl. 16, figs. 2–5, non fig. 1 [5Peronopsis acadica (HARTT in Dawson, 1868)].
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New material.—One exoskeleton (WIHGF641), one cephalon (WIHGF637) and one pygidium (WIHGF633B), all
strongly deformed.
Discussion.—Our material bears scrobicles, whereas some
material assigned to Baltagnostus rakuroensis does not (e.g.
Zhang and Jell, 1987, pl. 1, figs 1, 4, 5). However, intraspecific
variation in the presence of scrobicles is evident within
material from North China (see Zhang and Jell, 1987, pl. 1,
fig. 2), as also occurs in other agnostoid species such as
Ptychagnostus atavus (see Robison, 1984, fig. 11). Two pairs of
lateral furrows are present on the pygidial axis in the Zanskari
material, as in some specimens from North China (Zhang and
Jell, pl. 2, fig. 8). Specimens assigned by Jell and Hughes
(1997) to Baltagnostus cf. rakuroensis from Kashmir may
belong to different species. The single cephalon that was
compared by Kobayashi (1934, pl. 1, fig. 1) with Korean
Agnostus rakuroensis Kobayashi, 1935 is here considered
referable to Peronopsis scutalis (Salter in Hicks, 1872), whereas
the specimens from the Nutunus Formation near Nutunus,
Pohru Valley, Kashmir are probably not conspecific with
Kobayashi’s cephalon but are assignable to Baltagnostus
rakuroensis because these specimens compare well in both
the cephalic and pygidial characters with the type material of
B. rakuroensis from Korea, as well as the specimens from
North and Northeast China (Zhang and Jell, 1987). These
features include the presence of an incomplete preglabellar
median furrow, the transverse glabellar F1, the absence of F1
and F2 on the pygidial axis, and the shape and proportions of
the axis. The new material from Kuru, Zanskar is also
assigned to B. rakuroensis. Although the specimens are
deformed, their observed features seem identical with those
from Nutunus, Kashmir.
Occurrence.—In collections KH2 and KH3 from near
Kurgiakh, Zanskar Valley, Kurgiakh Formation. KH2 is
quite high upon the south-facing slopes, east of the village
along the Zanskar valley, and is from the upper part of the
Parahio Formation. KH3 is from the Surichun La nulla
section north, of Kurgiakh, Zanskar; Guzhangian Stage,
Proagnostus bulbus Zone. Another Indian occurrence is at
about 1.5 km west of Nutunus, Pohru Valley, Kashmir. This
species is also known from the middle Cambrian of North and
Northeast China, North Korea, and Australia.
Family PERONOPSIDAE Westergård, 1936
Genus PERONOPSIS Hawle and Corda, 1847
Peronopsis HAWLE AND CORDA, 1847, p. 115.
Mesagnostus JAEKEL, 1909, p. 397.
Acadagnostus KOBAYASHI, 1939, p. 113.
Axagnostus LAURIE, 1990, p. 318.
Type species.—Battus integer Beyrich, 1845 from the
Paradoxides gracilis Zone of Czech Republic (Bohemia); by
monotypy.
Diagnosis.—See Robison, 1994, p. 42; 1995, p. 302.
Discussion.—Robison (1994, 1995) discussed the concept of
Peronopsis and concluded that it is preferable to adopt a broad
concept for the genus that can accommodate a variety of
agnostoids with phylogenetically basal characters. A number
of genera including Acadagnostus were suppressed as synonyms of Peronopsis (Robison, 1964, 1994, 1995). Several
species of Acadagnostus were described from Kashmir and
Zanskar in Ladakh (Shah and Sudan, 1987a; Shah et al., 1996)
and have been synonymized by Jell and Hughes (1997) with
Baltagnostus 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
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Agnostus acadicus HARTT in Dawson (in part), 1868, p. 655,
pl. 5, fig. 229 (cephalon only).
Peronopsis cf. tramitis ÖPIK, 1979; SHAH AND SUDAN, 1987a,
p. 49, pl. 1, figs. a, c, d, p; text-fig. 1b, d.
Peronopsis amplaxis ROBISON, 1982; SHAH AND SUDAN,
1987a, p. 52, pl. 1, figs. b, h, r; text-fig. 1f, 1k.
Peronopsis sp. A; SHAH AND SUDAN, 1987a, p. 55, pl. 1, fig. g;
text-fig. 1i.
Peronopsis sp. B; SHAH AND SUDAN, 1987a, p. 56, pl. 1, figs. f,
j; text-fig. 1a, h.
Acadagnostus acadicus (Hartt); SHAH AND SUDAN, 1987a,
p. 57, pl. 1, fig. m, text-fig. 1l.
? Acadagnostus scutalis (SALTER in Hicks, 1872); SHAH AND
SUDAN, 1987a, p. 58, pl. 1, figs. e, n; text-fig. 1c.
? Acadagnostus sp., SHAH AND SUDAN, 1987a, p. 58, pl. 1, fig.
l; text-fig. 1j.
Pentagnostus cf. anabarensis LERMONTOVA, 1940; SHAH AND
SUDAN, 1987a, p. 59, pl. 1, fig. i; text-fig. 1g.
Peronopsis acadica (Hartt); ROBISON, 1995, p. 302–305, figs.
1.1–1.3 (see for synonymy).
Diplagnostus sp., SHAH, PARCHA AND RAINA, 1995, p. 221, pl.
1, figs. g, i, j. k, ?h; pl. 2, figs. b, f. h; text-fig. 1d, e, f.
? Acadagnostus scutalis (Salter), SHAH, KUMAR AND SUDAN,
1996; p. 952, figs. 2.1, 2.2, 2.5.
Peronopsis tramitis ÖPIK, 1979; SHAH, KUMAR AND SUDAN,
1996, p. 952, figs. 2.8–2.10, 2.21.
Peronopsis cf. longinqua ÖPIK, 1979; SHAH, KUMAR AND
SUDAN, 1996, p. 952, figs. 2.7, 2.11, 2.17.
Peronopsis (Itagnostus) cf. elkedraensis (ETHERIDGE JR.,
1902); SHAH, KUMAR AND SUDAN, 1996, p. 952, figs. 2.14,
2.16, 2.19.
Peronopsis sp., SHAH, KUMAR AND SUDAN, 1996, p. 952, figs.
2.22, 2.24, 2.25.
Peronopsis amplaxa ROBISON, 1982; SHAH, KUMAR AND
SUDAN, 1996, p. 952, figs. 2.3, 2.4, 2.6, 2.13.
Diplagnostus floralis ÖPIK 1979; SHAH, KUMAR AND SUDAN,
1996, p. 952, figs. 2.18, 2.23.
Doryagnostus magister WHITEHOUSE, 1936; SHAH, KUMAR
AND SUDAN, 1996, p. 952, figs. 2.12, 2.15, 2.20.
Baltagnostus cf. rakuroensis (Kobayashi); JELL AND HUGHES
(in part), 1997, p. 57–58, pl. 16, fig. 1 only.
New material.—One exoskeleton (WIHGF870.3), and more
than 10 disarticulated cephala (WIHGF134.2, WIHGF581,
WIHGF587.1, WIHGF870.4, WIHGF873.2, WIHGF874.3,
WIHGF1013, WIHGF1014.2) and pygidia (WIHGF139,
WIHGF606, WIHGF628, WIHGF874.1), 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
Agnostus acadica, and the syntype pygidium was reassigned
to Hypagnostus parvifrons. As rediagnosed, Agnostus acadica
is characterized by having a relatively long and wide pygidial
axis that bears an acutely angular end. Species including
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Peronopsis fallax are regarded as junior synonyms. The new
material from India is poorly preserved, but the observed
features warrant an assignment to Peronopsis acadica. These
features include a subquadrate cephalic outline, a glabella with
the anterior lobe rounded anteriorly, a straight or slightly
rearward-bowed transglabellar furrow (T3), a subcylindrical
posteroglabella with a rounded posterior end, simple basal
lobes, a wide pygidial axis that is pointed posteriorly and
slightly constricted at M2, with a short posteroaxial median
furrow, and a relatively broad border furrow in both cephalon
and pygidium.
Peronopsis-like agnostoids from Zanskar and Kashmir were
assigned to a diverse array of species, some of which were
referred to derived genera (Shah and Sudan, 1987a; Shah et
al., 1996). We consider that these agnostoids are from the
equivalent interval to the beds yielding our new material, and
that most of them bear close similarity with the new material
referred here to Peronopsis acadica. Accordingly, they are
transferred to P. acadica above.
Peronopsis acadica is morphologically similar to Baltagnostus rakuroensis Kobayashi, which is also known from Zanskar
and Kashmir, in its cephalic shape and other features, but it
lacks a median preglabellar furrow on the cephalon and the
asymmetrical collar on the pygidium. The latter differs further
in having an angular rather than rounded posterior end of the
glabella. Given the lack of a preglabellar median furrow,
collar, and the nature of the glabella, we place these Indian
specimens in P. acadica. For a more comprehensive discussion
of P. acadica see Robison (1994, 1995).
Occurrence.—New, disarticulated specimens of Peronopsis
acadica (Hartt, 1872) are from siltstones and shales from
500.32 m (PI14 collection), 501.72 m (PI15 collection),
504.04 m (PI20 and PI21 collections) and 510.04 m (PI17
collection) above the base of Purni Valley section 3, Parahio
Formation, on east side of the Tsarap River, south of Phuktal
Gompa, Zanskar valley, Sudanomocarina sinindica Zone,
uppermost part of the informal global Stage 5 of the
Cambrian System (or upper Taijiangian Stage as used in
South China). This species has a global distribution in the
middle Cambrian with a composite range from the Ptychagnostus praecurrens Zone to the Ptychagnostus punctuosus Zone
(Robison, 1994).
Genus HYPAGNOSTUS Jaekel, 1909
Type species.—Agnostus parvifrons Linnarsson, 1869 from
the middle Cambrian of Sweden, by original designation.
Diagnosis.—See Peng and Robison, 2000, p. 60.
Discussion.—The genus Hypagnostus is characterized by the
effacement of the anteroglabella, the lack of inter-ring furrows
and spines on the pygidium and the presence of a weak median
node on the pygidial axis. Species of Hypagnostus are variable
and many characters have been used to define them. It has
been suggested by Peng and Robison (2000) that variability
within the genus has led to the group being taxonomically
over-split.

r
FIGURE 12—Peronopsidae from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. 1–
12, Peronopsis acadica (Hartt in Dawson, 1868) from shales collected at 500.32 m (PI14 collection), 501.72 m (PI15 collection), 502.04 m (PI16
collection), 504.04 m (PI21 collection) and 510.04 m (PI17 collection) above base of Purni Valley section 3, Parahio Formation, on east side of Tsarap
River, south of Phuktal Gompa, Zanskar valley. All holaspid. 1–6, cephala: 1, WIHGF1013, PI15, 320; 2, WIHGF587.1, PI14, 39.5; 3, WIHGF873.2,
PI21, 315; 4, WIHGF873.4, PI21, 318; 5, WIHGF870.4, PI21, 311.5; 6, WIHGF874.3, PI21, 327.5; 7, 8, 11, 12 pygidia: 7, WIHGF628, PI17, 38; 8,
WIHGF139, PI15, 39.25; 9,10, dorsal shield, WIHGF870.3, PI21, 326: 9, original; 10, retrodeformation with inferred strain ellipse. 11, WIHGF874.1,
PI21, 314. 12, WIHGF606, PI15, 312.5. 13–22, Hypagnostus brevifrons (Angelin, 1851) from limestone collected at 36.05 m above base (KU6
collection) of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu, Zanskar valley: 13, 14,
16–18, cephala; 13, WIHGF612.1, 317.5; 14, WIHGF612.3, 39.5; 15, 19–22, pygidia; 15, WIHGF719, 311.75; 16, WIHGF726.1, 311; 17,
WIHGF1019.3, 314; 18, WIHGF1027.1, 312; 19, WIHGF728, 310.75. 20, WIHGF732, 38.25; 21, WIHGF726.2, 311.75; 22, WIHGF724, 39.75.
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HYPAGNOSTUS BREVIFRONS (Angelin, 1851)
Figure 9.18b; Figure 12.13–12.22, Figure 15.10
Agnostus brevifrons ANGELIN, 1851, 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.
Material.—Over 10 disarticulated cephala (WIHGF609.14,
WIHGF612.2, WIHGF612.3, WIHGF726.1, WIHGF1019.1,
WIHGF1027.1) and pygidia (WIHGF602.2, WIHGF719,
WIHGF724, WIHGF726.2, WIHGF728, WIHGF732).
Discussion.—The characteristic features of the Indian
specimens referable to Hypagnostus 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 is 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 having a
more posteriorly rounded axis. In the original species
description of H. correctus Öpik (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 is distinguished from H. brevifrons in
several cephalic and pygidial characters: the cephalic F3 in H.
parvifrons forms a low-angle chevron shape, while in H.
brevifrons F3 is uniformly curved. The pygidial axis in H.
parvifrons is acuminate but H. brevifrons has a blunt pygidial
axis. Of the specimens assigned by Jell and Hughes (1997) to
Hypagnostus correctus we consider that only the specimens
illustrated in their plate 29 figs. 1 and 6 belong to this species.
The other specimens are better referred to species of Lejopyge.
Occurrence.—All available specimens of Hypagnostus brevifrons Angelin, 1851 are from limestones in the KU6 collection
from 36.05 m above base of the Kuru 1 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 to the Glyptagnostus stolidotus Zone in
Hunan, South China (Peng and Robison, 2000).

FIGURE 13—Ptychagnostus aculeatus (Angelin, 1851) from limestone
collected at 36.05 m above base (KU6 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 photography. All holaspid
except for 1. 1–4,7, cephala; 5, 6, 8, 9, pygidia. 1, meraspid,
WIHGF1017.2, 327; 2, WIHGF1037.2, 38.5; 3, WIHGF696.2, 39.75;
4, WIHGF602.4, 310.25; 5, WIHGF727.1, 310.25; 6, WIHGF1010.1,
314.5; 7, WIHGF1008.2, 311; 8, WIHGF1033, 38.0; 9, WIHGF817, 38.

Family PTYCHAGNOSTIDAE Kobayashi, 1939
Genus PTYCHAGNOSTUS Jaekel, 1909
Type species.—Agnostus punctuosus Angelin, 1851,p. 8, from
the middle Cambrian of Andrarum, Scania, southern Sweden,
Ptychagnostus punctuosus Zone, by original designation.
Discussion.—This genus is characterized by a smooth or
scrobiculate cephalon with a median preglabellar furrow and a
median node on the glabellar M2 or M3. The glabella is
conical in shape and is unequally 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 Triplagnostus
Howell, 1935; Solenagnostus Whitehouse, 1936; Pentagnostus
Lermontova, 1940; Huarpagnostus Rusconi, 1950b; Canotagnostus Rusconi, 1951; Acidusus Öpik, 1979; Aotagnostus Öpik,
1979; Aristarius Öpik, 1979; Zeteagnostus Öpik, 1979; and
probably Myrmecomimus Öpik, 1979 as junior synonyms of
Ptychagnostus.
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PTYCHAGNOSTUS ACULEATUS (Angelin, 1851)
Figure 13, Figure 15.8–15.9
Agnostus aculeatus ANGELIN, 1851, p. 8, pl. 6, fig. 12.
Goniagnostus (Alloboduchus) aculeatus (Angelin); JELL AND
HUGHES, 1997, p. 88, pl. 28, figs. 3–4.
Ptychagnostus aculeatus (Angelin); PENG AND ROBISON, 2000,
p. 68 (see for synonymy).
New material.—More than 12 disarticulated cephala
(WIHGF602.4, WIHGF669.2, WIHGF696.2, WIHGF1008.2,
WIHGF1017.2, WIHGF1037.2) and pygidia (WIHGF 671B,
WIHGF727.1, WIHGF731, WIHGF817, WIHGF1010.1,
WIHGF1033).
Discussion.—Peng and Robison (2000, p. 68) discussed the
generic assignment of this species at some length. The
diagnostic features are: pustulate dorsal surface; scrobiculate
genae; triangular, acuminate glabella, weakly tripartite longitudinally; glabellar furrows firmly impressed; basal lobe firmly
delineated, posterolateral cephalic spines present; acuminate
pygidial axis, widest at M1; posterolateral spines absent.
Ptychagnostus aculeatus was previously reported from
Zanskar by Jell and Hughes (1997), who referred the species
to Goniagnostus. Peng and Robison (2000) discussed the
classification problem of aculeatus and concluded that it is
more closely allied to Ptychagnostus than to Goniagnostus.
These authors support the suggestions by Westergård (1946)
that aculeatus may be part of a phylogenetic lineage containing
Ptychagnostus atavus and P. punctuosus. A meraspid cephalon
in the new material of aculeatus (Fig. 13.1) shows no
difference from Ptychagnostus atavus except for surface
granulation, and this provides more evidence to support
Westergård’s (1946) suggestion. Accordingly, aculeatus is here
classified within Ptychagnostus.
Occurrence.—Disarticulated cephala and pygidia of Ptychagnostus aculeatus Angelin, 1851 are in collection KU6 from
36.05 m above base of the Kuru 1 section opposite Kuru,
Zanskar, Karsha Formation (Teta Member), and in the KU2
collection, 97.44 m above the base of the Kuru 2 section. They
have also previously been recorded from the KH3 collection
from the Surichun La nulla section north of Kurgiakh,
Zanskar, Kurgiakh Formation (Surichun Member) (Jell and
Hughes, 1997, pl. 28, figs. 3, 4); Guzhangian Stage, Lejopyge
acantha Zone and Proagnostus bulbus Zone. This species is
found in the Lejopyge laevigata Zone in South China (Peng
and Robison, 2000), establishing a correlation of collection
KU6 within that zone in South China.
Genus GONIAGNOSTUS Howell, 1935
Type species.—Agnostus nathorsti Brøgger, 1878, p. 68;
from the middle Cambrian Lejopyge laevigata Zone of
Sweden, by original designation.
Discussion.—Öpik (1979) subdivided Goniagnostus into
three subgenera, whereas Westrop et al. (1996) considered it
as a subgenus of Ptychagnostus. In following Öpik’s subgeneric classification, Jell and Hughes (1997) assigned
specimens of Goniagnostus collected from Zanskar to the
subgenus level. Peng and Robison (2000) rejected both Öpik’s
and Westrop et al.’s classifications of Goniagnostus and
maintained it at generic rank. Jago and Brown (2001) agreed.
GONIAGNOSTUS sp. indet.
Figure 15.14
Material.—One dorsal exoskeleton (WIHGF844).
Discussion.—A single, very poorly preserved exoskeleton is
referred to this genus. Several characters allow confident
generic assignment, but preclude identification at the specific
level. Features indicating Goniagnostus include the long,
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subtriangular anteroglabella with a longitudinally tripartite
posteroglabella, the strongly convex posterior half of the
median part of the posteroglabella, the sinuous transverse
glabellar furrow, the strongly scrobiculate acrolobe on the
cephalon, the longitudinally tripartite division of the pygidial
anteroaxis, the posteroaxis bearing a depression, and the
firmly defined median postaxial furrow. The lack of coarse
pustules or reticulate prosopon formed by the coalescence of
fine pustules on the pygidial pleural field excludes assignment
to G. fumicola or G. spiniger. Affinity is more likely with G.
nathorsti or G. scarabaeus.
Occurrence.—In collection KH3 from the Surichun La nulla
section north of Kurgiakh, Zanskar, Kurgiakh Formation
(Surichun Member); Guzhangian Stage, Proagnostus bulbus
Zone.
Genus LEJOPYGE Hawle and Corda, 1847
Type species.—Battus laevigatus Dalman, 1828, p. 136, from
the middle Cambrian Lejopyge laevigata 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 almost entirely
effaced (Robison, 1984; Robison, 1994; Peng and Robison,
2000). The emended diagnosis of Robison (1994) is followed
here.
Kobayashi (1939) erected the subfamily Ptychagnostinae
but placed Lejopyge in Lejopyginae Harrington in Kobayashi,
1939. Lejopyginae is commonly regarded as a junior synonym
of Ptychagnostinae (Öpik, 1967). In following Öpik (1967,
1979) Jell and Hughes (1997) assigned Indian specimens of
Lejopyge and Goniagnostus to the family Agnostidae, subfamily Ptychagnostinae, the later having been elevated to familylevel by Robison (1984). Robison’s (1984) diagnosis for the
family Ptychagnostidae is followed here and thus Lejopyge is
placed in that family.
LEJOPYGE ACANTHA Robison, 1984
Figure 14.5–14.11; Figure 15.11
Lejopyge acantha ROBISON, 1984, p. 38, fig. 21.
? Lejopyge laevigata (DALMAN, 1828); WHITTINGTON (in
part), 1986, p. 174, pl. 19, figs. 1, 3; pl. 20, fig. 1; not pl. 19,
fig. 2 [?5L. calva].
New material.—Four cephala (WIHGF650, WIHG F726.3,
WIHGF811, WIHGF1019.2) and two pygidia (WIHGF
602.5, WIHGF651).
Diagnosis.—Lejopyge with posterolateral spines on the
cephalon and on the posterior thoracic segment, and without
posterolateral spines on the pygidium; cephalic axial furrows
relatively effaced compared to other species; cephalic border
furrows effaced to moderately defined; 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. Wellpreserved specimens (Robison, 1984, figs. 21.2a, b, 21.7a, b)
show clearly that the borders are thin and well defined. The
new material from Zanskar is almost identical to the type
specimens of Lejopyge acantha from Utah and Nevada in
every respect, including the presence of the posterolateral
cephalic spines evident on the right side of one specimen
(Fig. 14.6) and from the bases of the broken spines in another
specimen (Fig. 14.8), the comparatively less effaced axial
furrows, the similarly rounded cephalic outline, the presence
of thin lateral borders, and the absence of pygidial border
spines. A minor difference, which is regarded as intraspecific
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variation, is that the pygidial borders of the Zanskari pygidia
narrow forward less acutely than in the type material.
Occurrence.—In limestones of the KU6 collection from
36.05 m above base of the Kuru 1 section opposite Kuru,
Zanskar, Karsha Formation (Teta Member); Guzhangian
Stage, Lejopyge acantha Zone. This is the first record of this
species outside of Laurentia. Other Indian material includes
some of the specimens assigned by Whittington (1986) to L.
laevigata from the site of our KH3 collection, and indicates
that in Zanskar L. acantha ranges into the Proagnostus bulbus
Zone. In Nevada (Robison, 1984), it is from the lower
Lejopyge laevigata Zone in association with Ptychagnostus
aculeatus in collection 155 (the base of member B, Emigrant
Spring Formation).
LEJOPYGE ARMATA (Linnarsson, 1869)
Figure 14.1–14.4
Agnostus laevigata var. armata LINNARSSON, 1869, p. 82, pl. 2,
figs. 58–59.
Lejopyge laevigata armata (DALMAN, 1828); LU AND CHIEN,
1964, p. 30, pl. 19, figs. 1–2.
Lejopyge armata (Linnarsson, 1869); JELL AND HUGHES, 1997,
p. 90, pl. 28, figs. 5–13; pl. 29, 7–15; PENG AND ROBISON,
2000, p. 77, fig. 61 (see for synonymy up to 2000).
New material.—Two dorsal exoskeletons (WIHGF652,
WIHGF669.1), one cephalon (WIHGF642), and one pygidium (WIHGF634).
Discussion.—Lejopyge armata differs from L. laevigata
(Dalman, 1828) and L. acantha Robison, 1984 in having
posterolateral spines on both cephalon and pygidium.
Lejopyge laevigata bears no posterolateral spines on the
cephalon and, except for having extremely tiny ones in rare
cases, no such spines on the pygidium. Lejopyge acantha has
cephalic posterolateral spines, but can be differentiated by
having comparatively more effaced axial furrows, and by
lacking pygidial posterolateral spines.
Jell and Hughes (1997, pl. 28, figs. 5–13, pl. 29, figs. 7–15)
reported the occurrence of Lejopyge armata in Zanskar on the
basis of tectonically deformed specimens from shales. The new
material from Zanskar is similarly deformed tectonically but
shows clearly posterolateral spines on the cephalon (Fig. 14.1)
or the pygidium (Fig. 14.2, 14.4). Weak axial furrows and faint
pygidial border furrows are observed on exoskeletons in the new
material (Fig. 14.1, 14.2), but the associated cephalon
(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 exoskeletons is interpreted as the result of
poor preservation rather than being of specific significance.
Occurrence.—Specimens assigned to Lejopyge armata are in
shales from the KH3 collection in the Surichun La nulla
section north of Kurgiakh, Zanskar, Kurgiakh Formation
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(Surichun Member) (also see Jell and Hughes, 1997), and at
97.44 m (KU2 collection) in the Kuru 2 section opposite Kuru
in the Zanskar Valley, Kurgiakh Formation (Surichun
Member); Guzhangian Stage, Proagnostus bulbus Zone. In
northwestern Hunan, South China this species ranges from the
Lejopyge laevigata Zone to the Proagnostus bulbus Zone (Peng
and Robison, 2000).
LEJOPYGE sp. indet.
Figure 14.12–14.14
Material.—Three dorsal exoskeletons (WIHGF643,
WIHGF647, WIHGF650) and two cephala.
Discussion.—Several exoskeletons assigned to Lejopyge are
poorly preserved and deformed. No axial furrows are
preserved, but pygidial border furrows are indicated. The
smallest exoskeleton (Fig. 14.12) resembles that described
recently from southwestern Tasmania that was assigned to L.
laevigata (Jago and Brown, 2001, pl. 1, fig. P), and is closely
comparable in both morphology and size. Other exoskeletons
from Zanskar are also closely similar to the specimens of L.
laevigata from Tasmania (Jago and Brown, 2001, pl. 1, figs. L,
M) in the degree of effacement. However, other specimens of
L. laevigata in Jago and Brown’s collection seem less effaced
than the Zanskari material.
Occurrence.—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.
Genus PSEUDOPHALACROMA Pokrovskaya, 1958
Type species.—Pseudophalacroma crebrum Pokrovskaya,
1958, p. 79 [5Pseudophalacroma dubium (Whitehouse, 1939)];
from middle Cambrian Prohedinia–Forchhammeria-Anomocarioides limbataeformis Zone of Siberia, by original designation.
?PSEUDOPHALACROMA OVALE Yang, 1982
Figure 14.15–14.16
? Pseudophalacroma ovale YANG, 1982, p. 302, pl. 2, fig. 1;
PENG AND ROBISON, 2000, p. 82, fig. 67. (see for synonymy).
Material.—A possibly enrolled exoskeleton (WIHGF703),
and one pygidium (WIHGF609.1) 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
identical to those of Pseudophalacroma ovale Yang from South
China (Yang, 1982; Lu and Lin, 1989; Peng and Robison,
2000). The Zanskari specimens differ from the typical
specimens of South China in having incomplete, deeply
incised axial furrows at the anterior of the axis and, probably,
a pair of posterolateral spines, as a wide spine base is apparent
in one specimen (Fig 14.16). Both of these features are
characteristic of Lejopyge, questioning both the generic and

r
FIGURE 14—Lejopyge and Pseudophalacroma from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to
photography. 1–4, Lejopyge armata (Linnarson, 1869) from shales of the Surichun Member, Kurgiakh Formation. Collected at 97.44 m. (KU2
collection) in Kuru 2 section opposite Kuru on the north side of the Tsarap Lingti Chu, and at the KH3 locality in Surichun La nulla, Zanskar: 1, dorsal
shield, WIHGF669.1, KU2, 324; 2, dorsal shield, WIHGF652, KH3, 323.5; 3, cephalon, WIHGF642, KH3, 311; 4, pygidium, WIHGF634, KH3,
321. 5–11, Lejopyge acantha Robison, 1984 from limestone collected at 36.05 m above base (KU6 collection) of the Kuru 1 section opposite Kuru, Teta
Member, Karsha Formation, on the north side of the Tsarap Lingti Chu, and from the Surichun Member, Kurgiakh Formation at the KH3 locality in
Surichun La nulla: 5, 6, cephalon, WIHGF811, KU6, 312: 5, oblique right lateral view; 6, dorsal view. 7, pygidium, WIHGF602.5, KU6, 318.75. 8, 9,
cephalon, WIHGF726.3, KU6, 39.75: 8, dorsal view; 9, oblique left lateral view. 10, cephalon, WIHGF650, KH3, 315.25. 11, pygidium, WIHGF651,
KH3, 37. 12–14, Lejopyge sp. indet., dorsal exoskeleton, from the Surichun Member, Kurgiakh Formation at the KH3 locality in Surichun La nulla: 12,
WIHGF647, 330; 13, WIHGF643, 312; 14, WIHGF650, 327. 15, 16, ?Pseudophalacroma ovale Yang, 1982, from limestone collected at 36.05 m above
base (KU6 collection) of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu, pygidia. 15,
possibly enrolled dorsal exoskeleton, showing pygidium with cephalic margin evident at the pygidial posterior, WIHGF703, 310.75. 16, partial
pygidium, WIHGF609.1, 326.25.
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FIGURE 15—Other Agnostida from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography.
1–3, Valenagnostus imitans (Öpik, 1961)?, cephalon, WIHGF756, from limestone collected at 36.05 m above base (KU7 collection) of the Kuru 1 section
opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu, 38: 1, dorsal view; 2, left anterior oblique lateral view; 3,
left posterior oblique lateral view. 4, 5, Ammagnostus sp. cf. A. laiwuensis (Lorenz, 1906), pygidium from limestone collected at 36.05 m above base (KU5
collection) of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu: 4, WIHGF825B.1,
316.25; 5, latex of WIHGF825B.1, 316.25. 6, 7, Proagnostus bulbus bulbus Butts, 1926, dorsal shield, WIHGF666, at about 100 meters (KU3 collection)
above the base of the Kuru 2 section, Surichun Member, Kurgiakh Formation on the north side of the Tsarap Lingti Chu, 314.75: 6, retrodeformation
of 7 with inferred strain ellipse; 7, original. 8, 9, Ptychagnostus aculeatus (Angelin, 1851) collected 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: 8, latex of external mold of cephalon,
WIHGF669.2, 38; 9, latex of external mold of pygidium, WIHGF671B, 314. 10,11, from 36.05 m above base (KU6 collection) above base of the Kuru
1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti Chu: 10, Hypagnostus brevifrons (Angelin, 1851),
pygidium, WIHGF602.2, 315; 11, Lejopyge acantha Robison 1984, cephalon, WIHGF1019.2, 310.5; 12,13, Peronopsis acadica (Hartt, 1868), cephala
from shales collected at 500.32 m (PI14 collection), and 504.04 m (PI21 collection) above base of Purni Valley section 3, Parahio Formation, on east side
of Tsarap River, south of Phuktal Gompa, Zanskar valley: 12, latex of external mold, WIHGF1014.2, PI14, 314; 13, WIHGF134.2, PI21, 312; 14,
Goniagnostus sp. indet., dorsal exoskeleton, WIHGF844, KH3 locality in Surichun La nulla, Surichun Member, Kurgiakh Formation, 37.25.
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FIGURE 17—Opsidiscus haimantensis (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. 1–2, cranidia: 1,
WIHGF909.2, 319.25; 2, WIHGF906.3, external mold, WIHGF906.3,
323.25. 3, external mold of pygidium, WIHGF906.4, 316.5.

specific assignment, and therefore the Zanskar specimens are
left in open nomenclature.
Occurrence.—Specimens assigned to ?Pseudophalacroma
ovale Yang, 1982 are from limestone of the KU6 collection at
36.05 m above base of the Kuru 1 section opposite Kuru,
Zanskar, Karsha Formation (Teta Member); Guzhangian
Stage, Lejopyge acantha Zone.
Genus TOMAGNOSTELLA Kobayashi, 1939
Type species.—Agnostus exsculptus Angelin, 1851, p. 7;
from the Andrarum limestone, middle Cambrian of Sweden,
by original designation.
Discussion.—Although Tomagnostella is similar to Hypagnostus in many aspects of the cephalic morphology, in
Tomagnostella there is a posteromedial node on M3, and
M2 is expanded. The pygidia of the two genera are
distinguishable by the axial furrows. Tomagnostella has a
firmly-incised F1 and variably developed F2, but there are no
pygidial axial furrows in Hypagnostus.
TOMAGNOSTELLA EXSCULPTA (Angelin, 1851)
Figure 16
Agnostus exsculptus ANGELIN (in part), 1851, p. 7, pl. 6, fig. 8
(cephalon only).
Tomagnostella exsculpta (Angelin); PENG AND ROBISON, 2000,
p. 84, fig. 69 (see for synonymy up to 2000); PENG ET AL.,
r

FIGURE 16—Tomagnostella exsculpta (Angelin, 1851) from limestones
collected at 36.05 m (KU6 collection) and at 36.55 m (KU4 collection)
above base 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 photography. 1–6, cephala. 1, WIHGF727.2, KU6, 317.5; 2,
WIHGF1027.3, KU6, 315; 3, WIHGF720, KU6, 310.75; 4, WIHGF1038,
KU6, 312.75; 5, WIHGF1010.2, KU6, 312.75; 6, cephalon, WIHGF735.1,
KU6, 311.5. 7–12, pygidia. 7, 10, WIHGF701, KU6, 312: 7, dorsal view;
10, right lateral view; 8, cephalon, WIHGF735.1 and pygidium,
WIHGF735.2, KU6, 310. 9, 11, 12, pygidia: 9, WIHGF1019.1, KU6,
312.25; 11, WIHGF612.2, 39; 12, WIHGF1039, 38.25.
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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, Zanskar,
Karsha Formation (Teta Member); Guzhangian Stage,
Lejopyge acantha Zone. In South China, Valenagnostus
imitans occurs from the Ptychagnostus punctuosus Zone to
the Linguagnostus reconditus Zone (Peng and Robison, 2000).

FIGURE 18—Chatiania? sp. indet. from limestone collected at 36.05 m
above the base (KU5 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 photography. 1, ?late meraspid cranidium,
WIHGF833.1, 322.75; 2, cranidium, WIHGF833.2, 3 6.75.

2001b, p. 159, fig. 10.3–10.4; PENG ET AL., 2005, p. 130, fig.
13.3–13.4.
Material.—Six cephala (WIHGF720, WIHGF727.2,
WIHGF735.1, WIHGF1010.2, WIHGF1027.3, WIHGF1038)
and five pygidia (WIHGF612.2, WIHGF701, WIHGF735.2,
WIHGF1019.1, WIHGF1039).
Discussion.—The diagnostic features of these specimens are:
long, narrow, pygidial axis that is nearly the length of the
acrolobe; F1 firmly impressed, anteriorly arcuate; M2 with
large median node.
Tomagnostella exsculpta 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 length
of the acrolobe and poorly developed to imperceptible
scrobiculae. Tomagnostella sulcifera has moderately developed
scrobiculae and a pygidial axis that is shorter than the acrolobe.
The cephala and pygidia from Zanskar conform in all
morphological 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 (KU6 collection) and
36.55 m (KU4 collection) above the base of the Kuru 1 section
opposite Kuru, Zanskar, Karsha Formation (Teta Member);
Guzhangian Stage, Lejopyge acantha Zone. This species ranges
from the Ptychagnostus punctuosus Zone to the Glyptagnostus
stolidotus Zone in South China (Peng and Robison, 2000).
AGNOSTIDS OF UNCERTAIN FAMILIAL AFFINITY
Genus VALENAGNOSTUS Jago, 1976a
Type species.—Agnostus nudus var. marginata Brøgger,
1878, from the middle Cambrian, Krekling, Norway, by
original designation.
VALENAGNOSTUS IMITANS (Öpik, 1961)?
Figure 15.1–15.3
? Grandagnostus imitans ÖPIK, 1961, p. 65, pl. 23, figs. 12–15;
pl. 24, figures 5–7.
? Valenagnostus imitans (Öpik); JAGO, 1976a, p. 146; PENG
AND ROBISON, 2000, p. 96, fig. 80 (see for synonymy); JAGO,
BAO AND BAILLIE., 2004, figs. 5B–G, N.
Material.—Cephalon (WIHGF756).
Discussion.—A single, almost completely effaced cephalon
is characterized by a rounded outline, moderate convexity, a
posteriorly placed glabellar node, and very narrow lateral
borders defined by shallow border furrows. The cephalon is
identical in all observed respects to the cephala assigned to
Valenagnostus imitans from Queensland, Australia (Öpik,
1961; Jago, 1976a; Jago et al., 2004) and northwestern Hunan,

Suborder EODISCINA Kobayashi, 1939
Superfamily EODISCOIDEA Raymond, 1913
Family EODISCIDAE Raymond, 1913
Genus OPSIDISCUS Westergård, 1949
Type species.—Aulacodiscus bilobatus Westergård, 1946,
from the middle Cambrian (Lejopyge laevigata Zone) of
Västergötland, Sweden, by original designation.
OPSIDISCUS HAIMANTENSIS (Reed, 1910)?
Figure 17
? Microdiscus haimantensis REED 1910, p. 7, pl. 1, fig. 12–13.
? Opsidiscus haimantensis (Reed); JELL AND HUGHES, 1997,
p. 31–32, pl. 5, figs. 6, 12–14.
New material.—Two flattened and distorted cranidia
(WIHGF906.3,
WIHGF909.2),
and
one
pygidium
(WIHGF906.4).
Discussion.—Jell and Hughes (1997) restudied the specimens
from the Parahio Valley, Spiti, described originally by Reed
(1910) as Microdiscus haimantensis Reed, and transferred the
species to Opsidiscus. The new material from the same locality
is poorly preserved, but overall characters suggest a tentative
assignment to that species.
Occurrence.—In shale from 836.41 m above the base of the
section (PO26 collection) on the north side of Parahio Valley,
Spiti; Parahio Formation, Oryctocephalus salteri Zone,
informal global Stage 5 of the Cambrian System.
Order CORYNEXOCHIDA Kobayashi, 1935
Family DOLICHOMETOPIDAE Walcott, 1916
Genus CHATIANIA Yang in Zhou, Liu, Mong and Sun, 1977
Type species.—Chatiania chatianensis Yang in Zhou, Liu,
Mong and Sun (1977, p. 136, pl. 43, figs. 14, 15) from the
Liostracina-Chatiania Zone of the Huaqiao Formation,
Chatian, Fenghuang, northwestern Hunan, China, by original
designation.
CHATIANIA? sp. indet.
Figure 18
Material.—Two cranidia, including those of a meraspid
(WIHGF833.1) and a holaspid (WIHGF833.2).
Discussion.—Except for having a very short preglabellar
field and an effaced occipital furrow in the holaspid, these
cranidia are closely comparable to those assigned to Chatiania
[5Parachatiania] expansa by Yuan and Yin (1998, pl.3, figs. 1,
4) and Peng et al., (2004a, pl. 4, figs. 1–14). The shared
features include an effaced, forward expanded glabella with a
rounded front, a narrow palpebral field, a gently curved,
moderately sized palpebral lobe lying opposite the mid-point
of the cranidium, and a strongly divergent posterior branch of
the facial suture that encloses a short, blade-shaped posterolateral projection. However, the presence of a preglabellar
field prevents confident generic assignment of these Zanskari
specimens, and until more material is available, they are left in
open nomenclature.
Occurrence.—In limestones from collection KU5 at 36.05 m
above base of the Kuru 1 section opposite Kuru on the north
side of the Tsarap Lingti Chu, Zanskar valley, Karsha
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FIGURE 19—Fuchouia from the Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. 1–6,
Fuchouia oratolimba Yang in Zhou, Liu, Mong and Sun, 1977: 1–3,5,6, collected at 111.2 m. (KU1 collection) in Kuru 2 section opposite Kuru on the
north side of the Tsarap Lingti Chu, Surichun Member, Kurgiakh Formation: 1, cranidium, WIHGF663, 36.25; 2, latex cast of external mold of
pygidium, WIHGF1009.2, 34; 3, latex cast of external mold incomplete dorsal exoskeleton, WIHGF664B, 34.75; 4, latex cast of external mold
incomplete dorsal exoskeleton, WIHGF644, KH3 locality in Surichun La nulla, Surichun Member, Kurgiakh Formation, 33; 5, cranidium,
WIHGF1009.1, 37; 6, incomplete dorsal exoskeleton, WIHGF665A, 39.25. 7–13, Fuchouia bulba Peng et al., 2004a from limestone collected at 36.05 m
above base (KU6 collection) above base of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, on the north side of the Tsarap Lingti
Chu: 7, partial pygidia, smaller specimen WIHGF1023.1, larger specimen WIHGF1023.2, 33.75; 8, partial cranidium, WIHGF737, 36; 9, latex of
counterpart of left librigena, WIHGF1018.3, 33.75; 10, partial cranidium, WIHGF1008.1, 35.25; 11, partial pygidium, WIHGF1023.2, 35; 12, left
anterior glabella, WIHGF290, 34; 13, hypostome, WIHGF1024A, 35.

Formation (Teta Member), Lejopyge acantha Zone, Guzhangian Stage.
Genus FUCHOUIA Resser and Endo in Kobayashi, 1935
Synonymy: see Peng et al., 2004a, p. 60.

Type species.—Bathyuriscus manchuriensis Walcott, 1911,
from the Changhia Formation, Changxingdao Island, southern Liaoning, China, by original designation.
Discussion.—Most authors have assigned Fuchouia generic
rank, but Resser and Endo (1937) reduced Fuchouia to
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FIGURE 20—Oryctocephalus salteri Reed, 1910 from limestone collected at 835.66 m (PO32 collection) and shale at 836.41 m. (PO26 collection) above
the base of the Parahio Valley section, Spiti region, Parahio Formation. Also from limestone on south side of Parahio River on slopes just west of
confluence of the Sumna River with Parahio River (PO11 and PO12 collections), estimated to be at about the 836 m level in the section on the north side.
Specimens darkened with India ink and coated with magnesium oxide prior to photography. 1–14, cranidia. 1, WIHGF900.1, PO26, 316; 2,
WIHGF355.2, PO11, 312.5; 3, WIHGF323.1, PO11, 311.5; 4, WIHGF359, PO11, 37.5; 5,9: WIHGF330, PO11, 310; 5, dorsal view; 9, anterior right
lateral oblique view; 6,12, WIHGF323.3, PO11, 317.5: 6, dorsal view; 12, anterior view; 7, WIHGF901.1, PO26, 310; 8, latex cast of external mold of
WIHGF630, PO32, 37.5; 10, 11, WIHGF374, PO12, 37.75: 10, dorsal view; 11, left lateral view. 13, 14, WIHGF324.1, PO11, 310: 13, dorsal view; 14,
anterior right lateral view; 15–17, pygidia: 15, 16, WIHGF323.3, PO11, 311.5; 15, dorsal view; 16, posterior view. 17, WIHGF901.3, PO26, 328.5.

subgeneric status within Amphoton. Peng et al. (2004a, p. 60)
discussed the generic concept of Fuchouia at length, placing Fuchouia (Parafuchouia) Lu and Chien in Lu et al.,
1974a, Borovikovia Kraskov 1977, and Fuchouia (Pseudofuchouia) Zhang, 1981 in synonymy with Fuchouia and
transferring some species originally assigned to Amphoton
(i.e., A. bensoni Öpik, 1961; A. limbatum Zhou in Lu et al.,
1974a. and A. promptum Zhou in Lu et al., 1974a) to Fuchouia.
The concept of Peng et al. (2004a) is followed herein. Fuchouia
is similar to Amphoton in many aspects of the cranidial
morphology, but the latter differs by having a long and more
arcuate palpebral lobe, sub-parallel rather than divergent
anterior branches of the facial suture, a much shorter
posterolateral projection, and lacks pygidial interpleural
furrows. Although there may be some regional variation,

holaspid Amphoton apparently had seven thoracic segments
and Fuchouia had eight.
FUCHOUIA ORATOLIMBA Yang in Zhou, Liu, Mong, and Sun,
1977
Figure 19.1–19.6
Fuchouia oratolimba YANG in Zhou, Liu, Mong, and Sun,
1977 (in part), p. 135, pl. 43, fig. 8 only; PENG, BABCOCK
AND LIN, 2004a, p. 65, pl. 10, figs. 1–11; pl. 11, figs. 1–5 (see
for additional synonymy).
Asaphus sp., DUNGRAKOTI, SINHA AND DAS, 1974, p. 114, pl.
1, fig. 1.
Fuchouia sp. indet.; WHITTINGTON, 1986, p. 177, pl. 19, fig. 5;
pl. 20, figs. 2, 3.

HIMALAYAN CAMBRIAN TRILOBITES

31

FIGURE 21—Prozacanthoides lahiri n. sp. from limestone collected at 78.07 m above the base (PO3 collection) of the Parahio Valley section on north
side of Parahio River, Parahio Formation, Spiti region. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All
holaspid except perhaps 1, all cranidia except 8. 1, WIHGF205B.3, 317; 2, WIHGF128, 310.5; 3, WIHGF155, 38; 4 ,5, WIHGF131, 35.75: 4, dorsal
view; 5, right anterior lateral view; 6, 7, 11, WIHGF110, 35: 6, left anterior lateral view; 7, dorsal view; 11, anterior view; 8, right librigena, WIHGF240,
312; 9, 10, holotype, WIHGF136, 35.25: 9, dorsal view; 10, right anterior lateral view.

Fuchouia sp. indet.; JELL AND HUGHES, 1997, p. 98, pl. 31,
figs. 4, 5; ?pl. 32, fig. 8.
New material.—Two cranidia (WIHGF663, WIHGF1009.1),
three thoracopygidia (WIHGF644, WIHGF664, WIHGF665A),
one pygidium (WIHGF1009.2).
Discussion.—As discussed by Peng et al. (2004a), Fuchouia
oratolimba is easily distinguished among Fuchouia due to its
long, parallel-sided or laterally constricted glabella with firmly
incised S1 and S2 furrows, the absence of an occipital spine
but presence of an occipital node, the presence of a
preglabellar field, the relatively short palpebral lobe that is
placed anterior to the glabellar midlength, a relatively narrow
thoracic axis with a centrally placed node on each ring, a
proportionally large pygidium with a long and thin pygidial
axis that bears more than 6 rings, and a distinctly furrowed
pleural region with broad pleural furrows and ridge-like

posterior pleural bands. Although poorly preserved, the new
material, in addition to that described previously from
Zanskar (Whittington, 1986; Jell and Hughes, 1997), is
consistent with the known features of Fuchouia oratolimba.
Occurrence.—In shales from 111.2 m (KU1 collection)
above the base of the Kuru 2 section opposite Kuru in the
Zanskar Valley, and in shales from the KH3 collection from
the Surichun La nulla section north of Kurgiakh, Zanskar,
Kurgiakh Formation (Surichun Member); Guzhangian
Stage, Proagnostus bulbus Zone. This species has previously
been collected from the site of our KH3 collection (Jell and
Hughes, 1997; Whittington, 1986). In South China, this
species ranges from the upper Pianaspis sinensis Zone to the
Wanshania wanshanensis Zone (equivalent to middle Lejopyge
laevigata Zone through Proagnostus bulbus Zone) (Peng et al.,
2004a).
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FUCHOUIA BULBA Peng, Babcock and Lin, 2004a
(Figure 19.7–19.13)

Fuchouia bulba PENG, BABCOCK AND LIN, 2004a, p. 67, pl. 11,
figs. 6–14; pl. 12, figs. 1–12; pl. 3, figs. 1–13 (see for
synonymy).
Material.—Three fragmented cranidia (WIHGF290,
WIHGF737, WIHGF1008.1), two fragmented pygidia
(WIHGF1023.1, WIHGF1023.2), one fragmented librigena
(WIHGF1018.3), and one hypostome (WIHGF1024A).
Discussion.—Although the available specimens are all
fragmentary except for the hypostome, almost all the important
cephalic, pygidial and hypostomal features render them
indistinguishable from Fuchouia bulba of northwestern Hunan,
South China, which was recently illustrated (Peng et al., 2004a,
pl. 11, figs. 6–14; pl. 12, figs. 1–12; pl. 3, figs. 1–13). The key
characters that confirm this assignment are: the parallel sided
posterior half of the glabella, the forward expanded anterior
half of the glabella, with a rounded anterior; evenly spaced
lateral glabellar furrows, with S1 moderately incised and
diagonally directed, S2 gently oblique and weakly impressed,
and S3 short and moderately impressed; a prominent posteriorly placed node on the occipital ring; an occipital furrow that is
weak medially and deep laterally; a palpebral lobe with its
posterior end opposite the mid-length of S2; a posterior cephalic
border that is slightly widened abaxially and lacks an intergenal
spine distally; a pygidial axis with rings moderately defined; and
a pleural region with the anterior three pleurae defined weakly
by short (sag.) interpleural furrows. The hypostome also shows
no differences from that of Fuchouia bulba.
Occurrence.—In limestone (KU 6 collection) from 36.05 m
above base of the Kuru 1 section opposite Kuru on the north
side of the Tsarap Lingti Chu, Zanskar valley, Karsha
Formation (Teta Member), Lejopyge acantha Zone, Guzhangian Stage. In South China, Fuchouia bulbus occurs within the
Pianaspis sinensis Zone (equivalent to the Goniagnostus
nathorsti Zone and lower part of the Lejopyge laevigata Zone)
(Peng et al., 2004a).
Family ORYCTOCEPHALIDAE Beecher, 1897
Genus ORYCTOCEPHALUS Walcott, 1886
Oryctocephalus WALCOTT, 1886, P. 210; YUAN, ZHAO, LI AND
HUANG, 2002, p. 99 (the following should be added to this
synonymy: BEECHER, 1897, p. 192; MATTHEW, 1899, p. 63;
EGOROVA ET AL. in Kalfina, 1960, p. 198; SUVOROVA AND
POKROVSKAYA in Chernysheva, 1960, p. 82; SUVOROVA,
1964, p. 234; FRITZ, 1972, p. 37; YIN AND LI, 1978, p. 438;
PALMER AND HALLEY, 1979, p. 84; BLAKER AND PEEL,
1997, p. 115; LAURIE, 2004, p. 252).
Oryctocephalus (Vinakainella) RUSCONI, 1952, p. 97.
Oryctocephalus (Eoryctocephalus) ZHAO AND YUAN in Yuan
et al., 2001, p. 147 (nom. nud.); YUAN, ZHAO, LI AND
HUANG, 2002, p. 103–104, 238; YUAN, LI AND ZHAO, 2008,
p. 84.
Type species.—Oryctocephalus primus Walcott, 1886, from
the middle Cambrian Pioche Shale of Nevada, by original
designation.
Discussion.—The distinction between Oryctocephalus and
Oryctocephalites has been discussed by Shergold (1969), Palmer
and Halley (1979), Whittington (1995), Jell and Hughes (1997),
Sundberg and McCollum (1997), and most recently by Yuan et
al. (2002). Divergence in generic assignment reflects the different
emphasis placed on such characters as the numbers of pygidial or
thoracic segments, the numbers of connected lateral glabellar
pits, and the shape of the glabella. Shergold (1969, p. 16–17)
differentiated Oryctocephalites from Oryctocephalus by the
former possessing five pygidial pleurae, whereas Sundberg and

McCollum (1997, p. 1073) did so based on the former having less
than 12 thoracic segments. Whittington (1995, p. 546) and
Palmer and Halley (1979, p. 83) rejected differentiation based on
the number of pygidial segments, and Yuan et al. (2002, p. 99,
107) questioned the utility of the number of thoracic segments as
a criterion for differentiation. Palmer and Halley (1979)
proposed the connection between glabellar pits as a criterion
for generic separation, but Whittington (1995, p. 546) found this
difficulty to apply to flattened specimens, and preferred to isolate
the name Oryctocephalites until more material is available for the
genus. Sundberg and McCollum (1997) and Yuan et al. (2002)
accepted Oryctocephalites as a separate genus but adopted
different concepts of it. On the basis of cladistic analysis,
Sundberg and McCollum (1997) restricted Oryctocephalus to
those species that bear a parallel-sided or conical glabella and
transferred a large number of species originally assigned to
Oryctocephalus into Oryctocephalites, including Oryctocephalus
walcotti Resser, 1938a; O. burgessensis Resser, 1938c; O. salteri
Reed, 1910; O. reynoldsi Reed, 1899; O. reynoldsiformis
Lermontova, 1940; O. opiki Shergold, 1969; and O. runcinatus
Shergold, 1969. Of these species, O. salteri was originally
described from Spiti, India and, like all the other species, is
characterized by having a forwardly expanded glabella. Yuan et
al. (2002) did not accept Sundberg and McCollum’s (1997)
reassignment and preferred to retain these species in Oryctocephalus. According to the latter authors (Yuan et al., 2002,
p. 107), the straight axial furrows at the sides of the glabella and
the well defined eye ridge prohibit transfer of those species to
Oryctocephalites. Yuan et al. (2002) restricted Oryctocephalites to
those forms that are characterized by an ovate glabella, and
therefore with curved axial furrows, only one pair of linked
glabellar pits (S1), a weak or short eye ridge, a more arched
anterior cranidial margin, and a thorax with 7–10 segments.
These criteria are unsatisfactory because all these features are
known in species that Yuan et al. (2002) retained within
Oryctocephalus. For example, curved axial furrows are present
in the holotype of O. opiki (Shergold, 1969, pl. 1, fig. 1).
Similarly, Yuan et al.’s (2002) Oryctocephalus species all bear 7
thoracic segments in the holaspid phase, and most, if not all, have
conjoined glabellar pits on S1 only, and a strongly curved
anterior cranidial margin, as is developed in O. salteri (Jell and
Hughes, 1997, pl. 6, fig. 6). Oryctocephalites palmeri (Sundberg
and McCollum, 1997, figs. 12.2, 12.2, 12.7, 12.10, 12.12) has a
strong eye ridge that is comparable to that of typical
Oryctocephalus. Parachangaspis, which is regarded as a subgenus
of Oryctocephalites by Yuan et al. (2002), has an anterior
cranidial margin similar to that of Oryctocephalus. For all these
reasons, we prefer to follow Whittington (1995) and Jell and
Hughes (1997) in using a broad concept of Oryctocephalus until
the concept of Oryctocephalites is satisfactorily clarified.
Yuan et al. (2002) subdivided both Oryctocephalus and
Oryctocephalites into subgenera based on differences that, in
our opinion, are of no more than specific significance. Hence
we do not adopt the subgeneric classifications for both genera
advocated by Yuan et al. (2002).
Occurrence.—Argentina (Mendoza), Australia (New South
Wales, Queensland, Northern Territory), Canada (British
Columbia), China (Guizhou), India (Spiti), NW Korea,
Russia (Siberian Platform, Sayan-Altay), USA (California,
Idaho, Nevada, Utah), Vietnam; informal global Stage 5 of
the Cambrian System.
ORYCTOCEPHALUS SALTERI Reed, 1910
Figure 20.1–20.17
Oryctocephalus salteri REED, 1910, p. 11, pl. 1, figs. 16–21;
KOBAYASHI, 1935, p. 146; KOBAYASHI, 1967, p. 486, textfig. 7.16a, b; SHERGOLD, 1969, p. 17; SHAH AND SAT PAUL,
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1987, p. 191, pl. 1, figs. f–h, o; JELL AND HUGHES, 1997,
p. 35, pl. 6, figs. 1–8; YUAN, ZHAO, LI AND HUANG, 2002,
p. 107.
Oryctocephalus opiki SHERGOLD, 1969; SHAH AND SAT PAUL,
1987, p. 188, pl. 1, figs. a–e, i (cranidium only), j–n.
Oryctocephalus cf. sulcatus SHERGOLD, 1969; SHAH AND SAT
PAUL, 1987, p. 192, pl. 1, fig. i (pygidium).
Oryctocephalites salteri (Reed); SUNDBERG AND MCCOLLUM,
1997, p. 1073.
Lectotype.—Exoskeleton (Reed, 1910, pl. 1, fig. 20) from
Hayden’s (1904) level 9, Parahio Valley; selected and refigured
by Jell and Hughes (1997, pl. 6, figs. 5, 6).
New material.—One cranidium preserved in shale with both
external and internal molds (WIHGF900.1A and WIHGF900.1B),
one other shale cranidium (WIHGF900.1), seven cranidia preserved in limestone (WIHGF323.1, WIHGF323.3, WIHGF324.1,
330, WIHGF359, WIHGF374, WIHGF630), and one shale
pygidium (WIHGF 901.3), another preserved in limestone
(WIHGF323.2).
Discussion.—As discussed above, although this species was
transferred to Oryctocephalites (Sundberg and McCollum,
1997), we follow Yuan et al. (2002) in maintaining it within
Oryctocephalus. The new material from Spiti includes specimens preserved in both limestone and shale, and differs in the
two lithologies. For example, some of the specimens preserved
in limestone show sinuous lateral glabellar margins (e.g.
Fig. 20.3, 20.5, 20.6), but others do not (Fig. 20.1, 20.8) or
are intermediate in form (Fig. 20.2). The greater degrees of
flattening and tectonic deformation in specimens preserved in
shale render the status of this character obscure in that lithology
(e.g. Fig. 20.1, 20.7). Although the specimens preserved in
limestone apparently retain original relief (e.g. Fig. 20.9, 20.11,
20.12, 20.16) they have also experienced some tectonic
deformation. The specimens in Fig. 20.10 and 20.13 resemble
Oryctocephalites runcinatus Shergold 1969 in outline but their
differences from the other specimens in the same bed may have
been the result of tectonic compression subparallel to the
sagittal axis. For this reason at present we prefer to retain all the
Parahio valley oryctocephalid material from this level within O.
salteri. With provision made for differences in preservational
mode and degree of deformation, the new specimens are
consistent with those from Spiti previously assigned by Reed
(1910) and Jell and Hughes (1997) to O. salteri. This species is
characterized by a forward expanding glabella with S1 pits
connected by a transverse furrow, a holaspid thorax of seven
segments, and a pygidium with a relatively short axis and
pleural spines of uniform length. We concur with Jell and
Hughes (1997) in regarding all specimens attributed by Shah
and Sat Paul (1987) to three species of Oryctocephalus from the
Parahio Valley (near Thango) as conspecific with O. salteri.
Occurrence.—From limestone collected at 835.66 m (PO32
collection) and shale at 836.41 m (PO26 collection) in the
section on the north side of the Parahio River, Spiti region,
Parahio Formation. Also from limestone on south side of
Parahio River on slopes just west of confluence of the Sumna
River with Parahio River (PO11 and PO12 collections),
estimated to be at about the 836 m level in the section on
the north side, Parahio Formation, Oryctocephalus salteri
Zone, informal global Stage 5 of the Cambrian System. In
northern India, O. salteri occurs stratigraphically higher than
O. indicus, which is known from the eponymous zone of the
Taijiangian Stage as used in South China.
Family ZACANTHOIDIDAE Swinnerton, 1915
Genus PROZACANTHOIDES Resser, 1937
Prozacanthoides RESSER, 1937, p. 23–24; RESSER, 1938b,
p. 96; RESSER, 1939, p. 26; SHIMER AND SHROCK, 1944,
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p. 617; RASETTI in Harrington et al., 1959, p. 228; SUVOR1964, p. 26; EGOROVA AND SAVITSKY, 1969, p. 163–
165; GUO AND ZAN, 1991, p. 7; GUO, ZAN AND LUO, 1996,
p. 57; DUAN ET AL., 2005, p. 102; LIN, 2008, p. 76.
Type species.—Olenoides stissingensis Dwight, 1889, from
the Stissing Formation, Dutchess County, New York, USA,
by original designation.
Other species.—Bonnia tokunagai Saito, 1934 (p. 228–229,
pl. 37, figs. 1–7; text-fig. 6) from the upper Redlichia shales,
near Pyongyang, northwestern Korea; Prozacanthoides solitarius Egorova, 1967 (p. 73, pl. 9, fig. 15), Bonnia fengjiatunensis Nan and Chang 1982a (p. 8, pl. 1, figs. 7–9) from the
Shiqiao Formation, southern Fuxian, Liaoning; and Prozacanthoides lahiri sp. nov.
Discussion.—By restudying the type material of Prozacanthoides stissingensis, the type species, Palmer and Halley
(1979, p. 97) concluded that Resser’s concept of Prozacanthoides was not based on the type species, and that none
of the 14 species referred to the genus up to that point, except
for the type species itself, were properly attributed. Prozacanthoides is distinguished from Zacanthoides, as defined by
Palmer (1954), by its relatively short palpebral lobe, its
subparallel rather than strongly divergent preocular facial
sutures, its subtriangular posterolateral projection of the
fixigena, and by its pygidium with 3 strong pairs of lateral
spines, of which the last pair is the longest. No features of the
glabella and librigena were clarified by Palmer and Halley
(1979) for the type species, but according to the description
and the illustration of the type material (Dwight, 1889, p. 147,
pl. 6, figs. 9–15), the species appears to be characterized by a
glabella that expands forward slightly and a very narrow
librigena with a wide-based genal spine. Neither Shimer and
Shrock (1944) nor Rasetti (in Harrington et al., 1959)
illustrated the type species for Prozacanthoides.
Guo and Zan (1991) reassigned the only cranidium of
Endo’s type specimens for a new species of Bonnia, B.
tokunagai Saito, 1934, to Bonnia fengjiatunensis Nan and
Chang, 1982a, and considered the other specimens as
representatives of the former species. This reassignment is
rejected here because no clear morphological grounds for
separation are evident, and all Saito’s specimens of B.
tokunagai came from a single collection at his locality e7 in
Hwamhai-do, North Korea. On the other hand, Guo and Zan
(1991) and subsequent authors (Guo et al., 1996; Duan et al.,
2005) transferred B. fengjiatunensis Nan and Chang (1982a,
p. 8, pl. 1, figs. 7–9) to Prozacanthoides, which is supported
here. For the same reason, we consider B. tokunagai should
also be transferred to Prozacanthoides. As synonymized by
Guo and Zan (1991), Prozacanthoides tokunagai is probably a
senior synonym of B. fengjiatunensis, but until more is known
about both species, we prefer to leave their relationship
unresolved, and regard both as valid species.
Prozacanthoides is previously known from the traditional
latest lower Cambrian to the earlier middle Cambrian of
Laurentia, China, Siberia, and North Korea; the discovery in
Spiti extends its geological distribution to India.
Occurrence.—USA (New York), Russia (Basin of Kotui
River, Siberian Platform), China (Liaoning), India (Spiti),
North Korea; informal global Stage 4 of the Cambrian
System.
OVA,

PROZACANTHOIDES LAHIRI new species
Figure 21
Etymology.—In honor of Sri Tapesh Lahiri, former Deputy
Director General (Northeastern region) of the Geological
Survey of India.
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FIGURE 22—Haydenaspis parvatya n. gen. and sp. from limestone collected at 78.07 m above the base of the Parahio Valley section (PO3 collection)
on north side of Parahio River, Parahio Formation, Spiti region. Specimens darkened with India ink and coated with magnesium oxide prior to
photography. All holaspid, expect, perhaps 1–3. 1–19, cranidia: 1, WIHGF237, 313.5; 2, WIHGF205.1, 315.5; 3, WIHGF200, 311.75; 4,
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FIGURE 23—Damesellidae from the Teta Member, Karsha Formation, from limestone collected at 36.05 m above the base (KU6 and KU7
collections) of the Kuru 1 section opposite Kuru, on the north side of the Tsarap Lingti Chu. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. 1–6, Parablackwelderia jimaensis (Yang in Lu et al., 1974b): 1, cranidium, WIHGF770, KU7, 312; 2–7, pygidia:
2–4, WIHGF1037.1, KU6, 36.75; 2, dorsal view; 3, anterior oblique view; 4, right lateral oblique view; 5, WIHGF774, KU7, 33.25; 6, WIHGF1036,
KU6, 35.25; 7, Parablackwelderia yangi Peng et al., 2004a: WIHGF775B, KU7, 35.25.

Types.—Holotype,
partially
exfoliated
cranidium,
WIHGF136 (Fig. 21.9–21.10), five paratype cranidia
(WIHGF110, WIHGF128, WIHGF131, WIHGF 155,
WIHGF205B.3) and one paratype librigena (WIHGF240).
Diagnosis.—Glabella gently convex with glabellar furrows
highly effaced and occipital furrow weakly incised; palpebral
lobe about two-thirds of pre-occipital glabellar length;
anterior border flat to slightly convex; anterior branches of
facial suture subparallel. Glabellar posterolateral projection
narrow and short.
Description.—Cranidium subquadratic in outline. Glabella
subrectangular, gently convex, effaced, slightly expanded

forward, broadly rounded anteriorly; axial furrows moderately incised; occipital ring subtriangular with sides converging
evenly rearward, defined by faint occipital furrow, broad
based occipital spine becoming slender rapidly; lateral
glabellar furrows nearly completely effaced; sub-parallel.
Preglabellar field absent; anterior border flat to slightly
convex, occupying 0.16 to 0.18 of pre-occipital glabellar
length, defined by faint anterior border furrow that is
confluent with preglabellar furrow. Palpebral lobe 0.67 to
0.5 of pre-occipital glabellar length, faintly defined; palpebral
field width (tr.) 0.67 to 0.48 of glabellar width between
palpebral lobes; eye ridge oriented diagonally. Anterior

r
WIHGF175.2, 310.5; 5, WIHGF180, 311; 6, WIHGF205B.1, 39; 7, WIHGF173, 38.5; 8, WIHGF135B, 310.25; 9, WIHGF206, 312.5; 10,
WIHGF175.1, 311.75; 11, WIHGF219, 310.75; 12, WIHGF220B, 39; 13, WIHGF205B.2, 36.75; 14, WIHGF214, 36.5; 15, WIHGF109, 35.5; 16,
WIHGF187A, 37.25; 17, 18, 19, WIHGF115, 35: 17, lateral view; 18, dorsal view; 19, right anterior view; 20, right librigena, WIGHF197, 36.5; 21–24,
pygidia: 21, WIHGF221, 3 12; 22, WIHGF117.2, 38.5; 23, WIHGF217, 36; 24, WIHGF196, 36.
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FIGURE 24—Damesellidae from the Teta and Surichun Members, Zanskar Valley. Specimens darkened with India ink and coated with magnesium
oxide prior to photography. 1–4, Parablackwelderia sheridanorum Jell and Hughes 1997, external mold of cranidium, WIHGF645, KH3 locality in
Surichun La nulla, 37.5: 3, partial cranidium, WIHGF722.2, from limestone collected at 36.05 m above base (KU6 collection) above base of the Kuru 1
section opposite Kuru, Teta Member, Karsha Formation, 33.5; 4, partial cranidium, WIHGF684, from limestone collected at 36.55 m (KU4 collection)
above base of the Kuru 1 section opposite Kuru, Teta Member, Karsha Formation, 32; 5,6, Parablackwelderia? sp. WIHGF788, from shales collected at
501.39 m (PI19 collection) above base of Purni Valley section 3, Parahio Formation, on east side of Tsarap River, south of Phuktal Gompa, Zanskar
valley, 35.

branch of facial suture running subparallel forward, defining a
rounded anterolateral cranidial corner; posterior branch short,
gently divergent rearward, enclosing a short (tr., exs.) strongly
downward sloping posterolateral projection; posterior border
furrow broad and moderately incised.
Librigenal genal field narrow, gently convex, moderately
elevated, defined by weak lateral border furrow; lateral
borders nearly as wide as genal field; posterior border narrow
(tr.); genal spine broadly-based, long and moderately stout.
Discussion.—The new species is most similar to both
Prozacanthoides tokunagai (Saito 1934, pl. 27, figs. 1–7) from
North Korea and Prozacanthoides fengjiatunensis from NE
China (Nan and Chang, 1982a, pl. 1, figs. 7–8; Guo et al.,
1996, pl. 15, figs. 8–11; Duan et al., 2005, pl.3, figs. 7–10) in
overall cranidial morphology. Prozacanthoides tokunagai has a
glabella that is proportionally longer and less rounded
anteriorly and a less curved anterior cranidial border furrow,
whereas P. fengjiatunensis has a glabella that is more convex
and also proportionally longer. Prozacanthoides fengjiatunensis is further differentiated by its clearly defined occipital
furrow and more convex anterior cranidial border. Prozacanthoides liaoningensis Nan and Chang (1982a, pl. 1, figs. 3–
6), also from NE China, differs in having a more expanded
glabella that bears clearly defined lateral furrows.
Occurrence.—From limestone collected at 78.07 m above the
base of the Parahio Valley section (PO3 collection) on north side
of Parahio River, Spiti region, Parahio Formation, Haydenaspis
parvatya Zone, informal global Stage 4 of the Cambrian System
(late Duyunian Stage as used in South China).

Family DINESIDAE Lermontova, 1940
Genus HAYDENASPIS new genus
Type species.—Haydenaspis parvatya; designated herein.
Etymology.—In honor of Sir Henry H. Hayden, pioneering
researcher on Himalayan stratigraphy; Latin, -aspis, shield or
carapace.
Diagnosis.—Dinesid trilobite with moderately long frontal
area, medial part of preglabellar field gently convex and
defined laterally by shallow furrows extending from anterolateral margin of glabella to anterolateral margin of cranidium; cylindrical glabella adaxially effaced but with strong
obliquely directed S1; occipital ring bearing long axial spine;
short palpebral lobes that are wider than eye ridge; anterior
and posterior branches of facial suture strongly divergent;
posterior area of fixigena wide; librigena with wide genal field
and advanced genal spine; transverse pygidium with a wide
axis occupying nearly all pygidial length, and shallow furrows
on pleural field.
Discussion.—The Indian material represents a new genus
assigned to the Family Dinesidae because of 1) the
cylindrical glabella, 2) the presence of paired furrows
connecting the anterolateral corners of glabella and cranidium; 3) the relatively short palpebral lobe, 4) the wide
posterior area of the fixigena, 5) the relatively wide (tr.) S1
that is straight, abaxial only, and strongly oblique rearward,
6) the eye ridge that is notably narrower than the palpebral
lobe. Haydenaspis is distinguished from all other dinesids in
lacking a deeply incised S1 furrow pair that is continuous
across the glabella.
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FIGURE 25—Koldinia odelli n. sp. from limestone collected at 36.05 m above base (KU5 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 photography. 1,4–6 holotype cranidium, WIHGF825A:1a, with pygidium of Neoanomocarella asiatica Hsiang 1963 (1b); 2,
and cranidium of N. asiatica (1c): 4, right anterior lateral view; 5, anterior view; 6, left lateral view, KU5, 32; 2, pygidium, WIHGF819.1, and right
librigena, WIHGF819.2, KU5, 31.5: 3, right librigena, WIHGF819.2, KU5, 32; 7–10, pygidia: 7, WIHGF831, KU5, 32.5; 8, latex cast of counterpart
of small pygidium, WIHGF825B.2, KU5, 311.25; 9, WIHGF820.5, KU5, 313.5; 10, WIHGF820.3, KU5, 39.

Among the genera that Jell and Adrain (2003) assigned to
the family, the new genus resembles Proerbia Lermontova,
1940, a genus that is known from Siberia, Artai Kazakhstan,
and northeastmost China (Lermontova, 1940, 1951; Pokrovskaya, 1959; Ivshin, 1978; Repina and Romanenko, 1978,
Duan and An, 2001) and is characterized by having a
subrectangular glabella with firmly incised S1 furrows, a
preglabellar field bearing three oval swellings that are defined
by two pairs of furrows with the abaxial pair connecting the
glabellar and cranidial anterolateral corners, a subparallel
adaxial pair connecting the preglabellar furrow to the anterior
border furrow, and an occipital ring with an axial spine. The
new Indian genus is similar to Proerbia in overall cranidial
morphology, particularly in having a moderately long
preglabellar field that is medially inflated with a pair of

furrows connecting the anterolateral corners of the glabella
and the cranidium. However, it differs in lacking the three
distinct preglabellar swellings and in having strongly divergent
rather than subparallel anterior branches of the facial suture, a
weakly furrowed glabella, and a wider posterior area of the
fixigena, and thus a wider librigena.
An alternative assignment to Protolenidae including Estaingiinae Öpik, 1975, a senior synonym of Ichangiinae Zhu in
Zhang, 1980a, has been rejected, although the new genus
resembles Protolenus Matthew, 1892, and Ichangia Chang in
Lu et al., 1965 (see Jell and Adrain, 2003, p. 334 for the correct
date of its erection) and some other genera within that family,
e.g. Hupeia Kobayashi, 1944 and Shiqihepsis Chien and Yao in
Lu et al., 1974a. This group of genera are characterized by a
glabellar shape that is anteriorly acutely rounded or obtusely
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angled, a long and wide palpebral lobe that is separated from
the eye ridge by a small furrow, the shorter posterior branch of
the facial suture that encloses a short and narrow posterolateral projection, and a subcircular pygidium. These features
prohibit assignment of the new genus to that family.
The ellipsocephalid Ornamentaspis Geyer, 1990 with its type
species Ornamentaspis frequens Geyer (1990, pl. 24, figs. 1–13,
text-fig. 42) from Morocco is also comparable. The Moroccan
genus is differentiated by its anteriorly angulate glabella,
shorter preglabellar area with a strongly curved anterior
margin, well defined palpebral furrow, and much narrower
(tr.) librigena with a shorter genal spine. However, some
specimens assigned to one species of the genus, O. angustigena,
(Geyer, 1990, pl. 27, figs. 6, 9, 11; pl. 28, figs. 3–10) are more
similar to the new Indian material. These Moroccan specimens
are all immature cranidia that are differentiated by having a
large palpebral lobe defined by a broad and deep palpebral
furrow, and an obscure plectrum placed sagittally at the
posterior margin of the anterior border. The mature O.
angustigena are unlike the new species, differing in almost
complete elimination of the anterior cranidial border furrow,
and a larger palpebral lobe defined by a broad palpebral
furrow.
Occurrence.—Parahio Valley, Indian Himalaya, Parahio
Formation; informal global Stage 4 of the Cambrian System.
HAYDENASPIS PARVATYA new species
Figure 22
Etymology.—From the Sanskrit parvatya meaning ‘‘of the
mountains’’, where Sir Henry worked as a geologist and met
his demise in a climbing accident.
Types.—A nearly complete cranidium (WIHGF115) is holotype (Fig. 22.17–22.19). Paratypes include cranidia of various sizes
(WIHGF109, WIHGF135B, WIHGF173, WIHGF 175.1,
WIHGF175.2, WIHGF187A, WIHGF200, WIHGF205.1,
WIHGF205B.1, WIHGF205B.2, WIHGF206, WIHGF214,
WIHGF219, WIHGF220B, WIHGF237), a librigena
(WIHGF197), and four pygidia (WIHGF117.2, WIHGF196,
WIHGF217, WIHGF221).
Diagnosis.—As for the genus.
Description.—Cranidium moderately convex, length (excluding occipital spine) about equal to the width across
palpebral area of fixigena, anterior margin broadly rounded.
Largest specimen has a maximum cranidial length (sag.) of
about 9 mm. Glabella gently convex, subcylindrical in outline,
about half as wide as long (including occipital ring but
excluding occipital spine), parallel sided or slightly expanded
forward with variably rounded anterior margin that ranges
from broadly rounded to gently convex forward, occupying
about 0.75 to 0.78 of cranidial length; four pairs of lateral
glabellar furrows indicated commonly as faint impressions but
more rarely as short furrows with S1 straight and directed
inward and rearward, S2 shorter than S1, inward directed; S3
and S4 even shorter and more weakly incised, directed inward
and forward; occipital furrow gently concave forward, shallow
medially, deepened laterally; occipital ring short, clearly
defined, transverse subtriangular in outline, extending rearward to form a long, slender axial spine. Anterior border
short, gently convex, uniform in length, clearly defined by
shallow anterior border furrow; preglabellar field longer (sag.)
than anterior border, with a pair of shallow furrows running
from anterolateral corner of glabella to anterolateral corner of cranidial border furrow and defining a convex area in
front of glabella; preocular area of fixigena strongly sloping
downward; eye ridge weak, running inward and somewhat
forward from anterior end of palpebral lobe into the axial
furrow at level of S4; palpebral lobe narrow (tr.), well defined,

length slightly shorter than half glabellar length, posteriorly
placed with anterior end opposite L4 and posterior end
opposite L1; palpebral field gently convex (tr., exs.), about
half as wide as glabella; posterior area of fixigena moderately
convex with posterolateral projection strongly sloping downward; posterior border furrow clearly defined, widening
abaxially. Anterior branches of facial sutures straight,
diverging forward at an angle of 20–30 degrees to sagittal
axis; posterior branches running outward and slightly
rearward, crossing posterior border furrow, then turning
smoothly rearward to meet posterior margin at a distance to
axial furrow wider than the basal glabellar width (tr.).
Librigena with wide, slightly convex genal field, shallow
border furrows and a moderately wide lateral border
extending into a stout, advanced, genal spine.
Pygidium transverse, more than twice as wide as long, with
anterior margin bowed forward, gently tapering rearward; axis
prominent and strongly convex, occupying one-third or more
of maximum pygidial width and 0.80–0.95 pygidial length,
consisting of two rings separated by broadly and clearly
defined ring furrows, and a semicircular terminal piece.
Pleural field subtriangular, slightly convex, bearing two
pleurae defined by thin, weakly incised interpleural furrows;
first pleural furrow broad, slightly shallower than ring
furrows; second pleural furrow broad, weakly impressed.
Lateral and posterior borders narrow, defined by obscure
border furrows in some specimens.
Cephalic and pygidial surfaces smooth.
Discussion.—Cranidia assigned to this species show variable
morphology. Part of this variation is likely related to
preservation, and particularly to the effects of tectonic
deformation. For example, the holotype appears generally
broader (Fig. 22.18) than a more elongated specimen of
comparable size (Fig. 22.14), and this may reflect different
orientations of the specimens with respect to tectonic
shortening. Other variations may relate to ontogeny. Small
cranidia have a forward expanding glabellar with a rounded
anterior margin, whereas larger ones have a more quadrate
glabella. Given the pervasive, if subtle, effects of deformation,
we consider it preferable to adopt a relatively broad species
concept for this material.
Occurrence.—From limestone collected at 78.07 m above
the base of the Parahio Valley section (PO3 collection) on
north side of Parahio River, Spiti region, Parahio Formation,
Haydenaspis parvatya Zone, informal global Stage 4 of the
Cambrian System (late Duyunian Stage as used in South
China).
Order LICHIDA Moore, 1959
Superfamily DAMESELLOIDEA Kobayashi, 1935
Family DAMESELLIDAE Kobayashi, 1935
Subfamily DAMESELLINAE Kobayashi, 1935
Genus PARABLACKWELDERIA Kobayashi, 1942
Synonymy.—See Peng et al., 2004a, p. 101.
Hwangjuella Kim, 1987, p. 40–41, likely needs to be added
to this list.
Type species.—Blackwelderia spectabilis Resser and Endo in
Endo and Resser, 1937, from the Kushan Formation,
Changxingdao Island, Liaoning, by original designation.
Discussion.—Peng et al. (2004a) suppressed Damesops Chu,
1959, Meringaspis Öpik, 1967, Paradamesops Yang in Lu et al,
1974b, and questionably Guancenshania Zhang and Wang,
1985 as junior synonyms of Parablackwelderia. In addition to
this list, the North Korean genus Hwangjuella Kim, 1980 is
probably also a junior synonym of Parablackwelderia.
Unfortunately the paper of Kim (1980) has been inaccessible
to us to date. Subsequently, Kim (1987, p. 40, pl. 22, 1, 3, 4, 9–
11) published the genus Hwangjuella again with a single
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FIGURE 26—Torifera jelli n. sp. from limestones collected at 36.05 m
(KU6 collection) and at 36.55 m (KU4 collection) above base 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 photography. Both
cranidia: 1, holotype, WIHGF696.1, KU6, 311; 2, WIHGF693,
KU4, 315.5.

species illustrated, Hwangjuella chonjuriensis Kim, which is
probably the type species of the genus. H. chonjuriensis is a
trilobite with a long stalk-eye and a cranidium similar to that
of Parablackwelderia and very likely belongs to the latter
(Peng et al., 2008). The stalked-eyes may have been mistaken
for a pair of cephalic spines by Kim, who referred Hwangjuella
to Diceratocephalidae. Clarification of the status of Hwangjuella chonjuriensis is needed, but if it does represent the type
or only species of Hwangjuella, the genus should be also
suppressed.
Shah et al. (1991, p. 100, pl. 2, figs. w, x) tentatively
assigned two pygidia from northwestern Kashmir to Parablackwelderia, which may be referable to a damesellid but do
not belong to Parablackwelderia. The subequally-sized spines
that are posterior to the anterolateral spine definitively
prevent assignment of those pygidia to this genus.
Occurrence.—Distributed in Eastern Gondwana (India,
China, Australia, North Korea, Kazakhstan); of Guzhangian
Age.
PARABLACKWELDERIA JIMAENSIS (Yang in Lu et al., 1974a)
Figure 23.1–23.6
Synonymy.—See Peng et al., 2004a, p. 104–105.
Material.—One cranidium (WIHGF770) and three pygidia
(WIHGF774, WIHGF1036, WIHGF1037.1).
Discussion.—The difference in outline shape in the pygidia
in Fig. 23.2 and Fig. 23.6 may partly reflect the sagittal
shortening of former and the transverse shortening of the later
in association with mild tectonic deformation. As one of the
predominant species in the upper part of the Huaqiao
Formation, northwestern Hunan and eastern Guizhou, Parablackwelderia jimaensis was taken as the type species of the
genus Paradamesops Yang (in Lu et al., 1974b; Yang, 1978).
Prior to erection of the species, its isolated cranidia and
pygidia were commonly left in open nomenclature because the
correct association was unknown (Egorova et al., 1963; Lu et
al., 1965). Peng et al. (2004a) recently revised the species and
transferred it to Parablackwelderia. As revised, it has a
transverse eye ridge but shows some variation in cephalic
morphology. Stratigraphically well-constrained collections
show that material from older levels has a trapezoid glabella
with a nearly truncate anterior and also lack bacculae, have
relatively wide fixigenae adjacent to the palpebral lobes, and a
notably wider genal field of the librigena (which is wider than
the the lateral border). In contrast, forms from younger levels
have a subtriangular glabella with an acutely rounded
anterior, obscure bacculae, palpebral lobes closer to the
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glabella, and a narrower genal field of the librigena (which is
wider that the lateral border). No significant differences occur
in the pygidia from different levels. The Indian material is
assigned with confidence to Parablackwelderia jimaensis
because its morphology matches the stratigraphically younger
form of the species from China (Peng et al., 2004a, pl. 28).
Parablackwelderia jimaensis is a widespread trilobite. As
synonymized (Peng et al., 2004a), Parablackwelderia jimaensis
is known from South China, North China, Australia, and
Kazakhstan, and now from Zanskar, India.
Occurrence.—In limestones (KU 6 collection and KU7
collection) from 36.05 m above base of the Kuru 1 section
opposite Kuru on the north side of the Tsarap Lingti Chu,
Zanskar valley, Teta Member, Karsha Formation, Lejopyge
acantha Zone, Guzhangian Stage. In South China an early
form of Parablackwelderia jimaensis ranges from the upper
part of the Lejopyge laevigata Zone through the lower part of
Proagnostus bulbus Zone. In Kazakhstan, it ranges from the
Lejopyge laevigata Zone through the basal part of Kormagnostus simplex Zone (Ergaliev, 1980; Ergaliev et al., 2008).
PARABLACKWELDERIA SHERIDANORUM
(Jell and Hughes, 1997)
Figure 24.1–24.4
Damesops sheridanorum JELL AND HUGHES, 1997, p. 100–101,
pl. 32, figs. 1–7, 9.
Holotype.—Exoskeleton (Jell and Hughes, 1997, pl. 32, figs.
6–7) from scree at about level of the new KU2 collection, at
the same site, opposite Kuru, Zanskar.
New Material.—One flattened, poorly preserved cranidium
(WIHGF645) and two cranidial fragments (WIHGF684,
WIHGF722.2).
Description.—Glabella moderately convex, strongly tapered
forward with nearly straight sides and arcuate rounded front;
bacculae small, slightly expanded posteriorly, separated from
L1 by shallow furrow; two pairs of lateral glabellar furrows
isolated from axial furrow; S1 broad, strongly oblique, deeply
impressed at outer end, notably shallowing adaxially; S2 an
ovate pit, moderately impressed; occipital furrow slightly
curved rearward, deepest at lateral margins; anterior cranidial
border very short (sag., exs.), ridge-like, transverse, strongly
upturned; palpebral lobe strongly upstanding, semicircular in
shape; eye ridge sharply defined and oblique rearward, most
elevated abaxially with outer end opposite S2; posterior
cranidial border widening abaxially, defined by broad, clearly
incised border furrow; anterior branches of facial suture gently
convergent anteriorly; posterior branch diagonally directed,
enclosing a triangular posterolateral projection. Thorax of 12
segments, as shown by Jell and Hughes (1997), who also
described the pygidium.
Discussion.—The type material of Parablackwelderia sheridanorum is poorly preserved and strongly distorted, providing
insufficient cranidial morphology. The new material from the
type locality is also poorly preserved but includes the most
nearly complete cranidium recovered to date and the limestone
specimens, with full relief, add more features that were not
previously known for the species. These include the shape of
the glabella, the presence of bacculae, the nature of S1 and S2
furrows, the nature of the anterior cranidial border, and the
size and the shape of the palpebral lobe. The new material
casts doubt on the original inference that the S1 furrow was
forked (Jell and Hughes, 1997, p. 101). The better-preserved
limestone material lacks the apparent anterior branch of S1,
which may have been an effect of tectonic compression in
some of the shale specimens (Hughes and Jell, 1992).
Except for the anterior cranidial border, the observed
characters of the Indian specimens are almost all identical to
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those of Blackwelderia youshuica Peng et al. (2004a, p. 99–100,
pl. 28, figs. 1–7) from the Huaqiao Formation (Lejopyge
laevigata Zone), northeastern Hunan, South China. In B.
youshuica, the anterior cranidial border is much longer but less
upturned than in Parablackwelderia sheridanorum. On the
other hand, the complete specimen of P. sheridanorum, with a
‘‘normal’’ rather than a stalked palpebral lobe and a unique
spinose pygidium may suggest the Chinese species is better
referred to Parablackwelderia. Peng et al. (2004a) noted that a
great similarity exists between Blackwelderia youshuica and
some species of Parablackwelderia but failed to assign this
species to Parablackwelderia because they considered that the
‘‘normal palpebral lobe’’ prevents assignment to Parablackwelderia. Peng et al. (2004a, p. 100) also noted that Blackwelderia youshuica (or Parablackwelderia youshuica) occurs
stratigraphically slightly beneath Parablackwelderia and suggested that this or a closely related species may have given rise
to Parablackwelderia. The close similarity between P. sheridanorum and B. youshuica suggests that the former may be
basalmost within the Parablackwelderia lineage.
Occurrence.—From limestone at 36.05 m above the base
(KU6 collection) and at 36.55 m (KU4 collection) of the Kuru
1 section opposite Kuru, Zanskar, Teta Member, Karsha
Formation. Guzhangian Stage, Lejopyge acantha Zone. From
shale in the Surichun La nulla section (KH3 collection) north
of Kurgiakh, Zanskar; Kurgiakh Formation (Surichun
Member); Guzhangian Stage, Proagnostus bulbus Zone. Also
from a collection made by N.C.H. in 1992 at level of KU2
collection in the section opposite Kuru (Jell and Hughes,
1997). In South China Blackwelderia youshuica occurs in the
Lejopyge laevigata Zone.
PARABLACKWELDERIA YANGI Peng, Babcock and Lin, 2004a?
Figure 23.7
? Paradamesops jimaensis Yang in LU ET AL. 1974b (in part),
p. 86, 87, pl. 1, fig. 16 (only).
? Parablackwelderia yangi PENG, BABCOCK and LIN, 2004a,
text-figure 12E, F (see for synonymy).
Material.—One fragmentary pygidium (WIHGF775B).
Discussion.—This single pygidium, although incompletely
preserved, is characterized by the presence of fine granules on
the surface and by the lack of any additional projections or
spines on the posterior border between the distinctive
posterolateral spines. Of species with a complete pygidial
posterior border, only Parablackwelderia yangi has a granulate
prosopon visible with the naked eye on the pygidial surface
(Peng et al., 2004a, text-fig. 12E, F). The Indian granulose
specimen is tentatively assigned to that species because in it the
granules are denser and more closely spaced.
Occurrence.—From limestone at 36.05 m above the base
(KU7 collection) of the Kuru 1 section opposite Kuru,
Zanskar, Teta Member, Karsha Formation; Guzhangian
Stage, Lejopyge acantha Zone.
PARABLACKWELDERIA? sp. indet.
Figure 24.5–24.6
Material.—Part and counterpart of one distorted cranidium
(WIHGF788A and WIHGF788B).
Discussion.—This single cranidium is characterized by its
trapezoid glabella with a gently curved anterior margin and
posterolaterally directed S1 and S2 furrows, a transverse eye
ridge, with a relatively wide palpebral field and a large,
triangular postocular field of the fixigena. It is uncertain if it
had a stalked palpebral lobe. In overall cranidial morphology,
this specimen is closely comparable with the early form of
Parablackwelderia jimaensis from the Huaqiao Formation,
northwestern Hunan (Peng et al., 2004a, pl. 29, figs. 2–7),

which has a similarly shaped glabella, a similarly directed eye
ridge and also lacks bacculae.
Occurrence.—In shales from the interval 500.32 m above
the base of Purni Valley section 3 (collection PI14), Parahio
Formation, on east side of Tsarap River, south of Phuktal
Gompa, Zanskar valley, Sudanomocarina sinindica Zone,
informal global Stage 5 (or middle Taijiangian Stage as used
in South China). In South China an early form of
Parablackwelderia jimaensis ranges from the upper part of
the Lejopyge laevigata Zone through the lower part of
Proagnostus bulbus Zone. The Zanskar specimen appears to
be a stratigraphically early record of this genus.
Order ASAPHIDA Salter, 1864
Superfamily ANOMOCAROIDEA Poulsen, 1927
?Family ANOMOCARIDAE Poulsen, 1927
Genus KOLDINIA Walcott and Resser, 1924
Koldinia WALCOTT AND RESSER, 1924, p. 5; KOBAYASHI,
1943, p. 313; LOCHMAN in Harrington et al., 1959, p. 519;
SUVOROVA in Chernysheva, 1960, p. 85; ROZOVA, 1964,
p. 87; ROZOVA 1977, p. 60; NAZAROV, 1973, p. 63–73; JELL
AND ADRAIN, 2003, p. 393.
Koldinia (Koldinia) WALCOTT AND RESSER, 1924; GOGIN AND
PEGEL, 1997, p. 115–116.
Type species.—Koldinia typa Walcott and Resser, 1924 from
the Ozarkian Sandstone, Novaya Zemlya, by original designation.
Other species.—Koldinia micropthalma Kobayashi, 1943,
p. 313–314, pl. 3, figs. 9–15 from the early Late Cambrian
Koldinia Zone, in the upper part of Giranda River, Siberia;
Koldinia minor Kobayashi, 1943, p. 314–315, pl. 2, figs. 13, 14;
pl. 3, figs. 7, 8 from the same locality as K. micropthalma; and
Koldinia deflexa Nazarov, 1973, p. 60, pl. 8, figs. 3–5, from
Mayan Stage, lower reaches of Maya River, Mayan Stage,
southeastern Siberia.
Lazarenko (in Lazarenko and Nikiforov 1968) assigned four
species from the upper Cambrian of the northwestern Siberian
Platform to Koldinia, of which Koldinia infima Lazarenko
(1968, p. 29, pl. 2, figs. 14–18) and Koldinia trita Lazarenko
(1968, p. 29–30, pl. 6, figs. 13–18) have been transferred to
Parakoldinia by Rozova (1977), whereas Koldinia distincta
Lazarenko (1968, p. 30–31, pl. 6, figs. 7–12) and Koldinia
pusilla Lazarenko (in Lazarenko and Nikiforov 1968, p. 31–
32, pl. 8, figs. 1–6) have been transferred to Parakoldinia by
Peng (1992); Koldinia acris Pegel in Pegel and Gogin (1995,
p. 68, pl. 5, figs. 1, 2) has a relatively wide anterior border and
an evenly convex, continuously sloping anterior field on the
cranidia and should also be transferred to Parakoldinia.
Discussion.—Gogin and Pegel (1997) regarded the differences between Koldinia and Parakoldinia of no more than
subgeneric significance and assigned them both as subgenera
of Koldinia. Their classification is rejected here, as these genera
may belong to different phylogenetic lineages. Both Koldinia
and Parakoldinia are highly convex and effaced, and therefore
present few potentially defining features. When Rozova (1960,
p. 51) established her new genus Parakoldinia from the
Siberian upper Cambrian, she differentiated it from Koldinia
by the nature of the anterior cranidial border that is wire-like.
Subsequently, Peng (1992) described some species of Parakoldinia, one of which clearly shows a preoccipital median
tubercle on the internal mold (Peng, 1992, fig. 36F, G; text-fig.
58C), a feature that led to placing the genus within the family
Nileidae. The familial assignment for Koldinia remains much
debated. It is variously classified with the families Leiostegiidae (Kobayashi, 1943), Nileidae (Rozova, 1964), Illaenuridea
(Nazarov, 1973; Rosova, 1977), and Plethopeltidae (Suvorova
in Chernysheva, 1960, Gogin and Pegel, 1997; Jell and Adrain,
2003) or left as family uncertain (Lochman in Harrington et
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al., 1959). The Indian material of Koldinia is reasonably well
preserved and adds a species with a cranidium of relatively low
convexity to the genus and also provides information on
librigenal morphology. The overall cranidial form is reminiscent of some of anomocarids such as Afghanocare Wolfart,
1974 and Paracoosia Kobayashi, 1936 except for a proportionally wider glabella and the relatively small and widely
spaced palpebral lobes. Accordingly, here we tentatively assign
this genus to Anomocaridae.
Occurrence.—Siberian Platform and India, Drumian and
Guzhangian ages.
KOLDINIA ODELLI new species
Figure 25.1a, 25.2–25.10
Etymology.—In honor of Prof. Noel E. Odell, geologist and
climber who, while standing on the deformed equivalent of the
Parahio Formation, last saw George Mallory and Andrew
Irvine on the north face of Chumolungma (Mt. Everest)
ascending rocks of equivalent depositional age to those
yielding this fossil (Myrow et al., 2009).
Types.—Holotype, an incomplete, partially exfoliated cranidium (WIHGF825.1)(Fig. 25.1, 25.4–25.6). Paratype librigenae (WIHGF
819.2), and five paratype pygidia (WIHGF819.1,
WIHGF820.3, WIHGF820.5, WIHGF825B.2, WIHGF831).
Diagnosis.—Koldinia with gently convex cranidium (tr. and
sag.). Glabella half as long as cranidium, posterior half of
frontal area continues the slope of the glabellar anterior,
anterior half of frontal area gently and evenly upturned.
Palpebral lobe small, about 0.25 glabellar length (sag.),
midpoint opposite midpoint of glabella. Librigena with
broad-based, short genal spine. Pygidial axis two-thirds of
pygidial length; pleural field gently elevated; border furrows
absent.
Description.—Cranidium subrectangular, length (sag.)
about half posterior marginal width (tr.), largely effaced with
anterior margin obtusely curved, gently convex, with preocular area sloping downward gently. Glabella subquadrate,
tapered gently forward, obtusely rounded anteriorly, axial
furrow weakly incised; lateral furrows effaced except for
faintly impressed SO that defines a short (sag.) occipital ring
that narrows abaxially. Frontal area gently concave with
posterior half continuing the slope of the glabella and anterior
half slightly upturned; eye ridge weak, parallel to anterior
cranidial border; palpebral lobe small, about 0.25 glabellar
length, midpoint situated posterior to cranidial mid-length,
opposite glabellar midlength; palpebral field narrow (tr.), flat,
about 0.3 of glabellar width at base; anterior branch of facial
suture runs forward and gently outward at an angle of about
15 degrees to sagittal axis with rounded anterolateral corner;
posterior branch markedly divergent rearward, enclosing
triangular posterolateral projection; posterior border furrow
shallow and broad, somewhat widening abaxially. Posterior
border gently convex, lengthening abaxially.
Librigena smooth, genal area weakly defined, genal corner
bearing broad-based, short, subtriangular genal spine.
Pygidium semicircular, pleural field moderately convex,
bearing large, triangular facet, sloped at high angle abaxially
from fulcrum; weakly incised pleural furrow on anteriormost
segment, other lateral and posterior border furrows wide,
obscure or absent. Paradoublural line weakly incised at edge
of pleural platform. Axis narrow, gently convex, two-thirds of
pygidial length; ring furrows obscure, posterior axial end
acutely rounded, separated from pleural field by slope change;
anterior border narrow and shallow.
Discussion.—Variation in the outline of the pygidia
(compare Fig. 25.7 and 25.10) may reflect differences in the
pattern of tectonic compression. This Indian species is most
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similar to Koldinia typa, the type species, but the latter has a
proportionally wider glabella and wider pygidial axis and is
considerably more convex. Koldinia micropthalma is easily
differentiated from the new species by its shorter anterior
cranidial area, whereas Koldinia minor and K. deflexa differ by
their proportionally narrower (tr.) cranidia, narrower (tr.)
palpebral areas, and larger glabellae. This is the first species of
this genus known beyond the Siberian Platform.
Occurrence.—In limestone from collection KU5 made at
36.05 m above the base of the Kuru 1 section opposite Kuru
on the north side of the Tsarap Lingti Chu, Zanskar valley,
Teta Member, Karsha Formation, Lejopyge acantha Zone,
Guzhangian Stage.
Family ALSATASPIDIDAE Turner, 1940
Subfamily HAPALOPLEURINAE Harrington and Leanza, 1957
Genus TORIFERA Wolfart, 1974
Torifera WOLFART, 1974, p. 96, 97; PENG, BABCOCK AND LIN,
2004a, p. 174–175 (see for synonymy); YUAN AND LI, 2008,
p. 127.
Xiangia PENG, 1987, p. 112, 113.
Type species.—Torifera triangularis Wolfart, 1974, from the
upper Cambrian, near Surkh Bum, central Afghanistan, by
original designation.
Other species.—Ajrikina mera Romanenko in Goncharova et
al., 1972; Cyclolorenzella tuma Yang in Zhou et al., 1977; Torifera
youyangensis Zhu in Zhang et al., 1980a; Xiangia taoyuanensis
Peng, 1987; Torifera cf. T. triangularis Wolfart, 1974 (Fortey,
1994); Torifera abrupta Peng et al., 2004a; and Torifera jelli n. sp.
Species questionably assigned to Torifera include Cyclolorenzella paraconvexa Yang in Yin and Li, 1978; Agraulos
tongkinensis Mansuy, 1915 and Cyclolorenzella yantaiensis
(Chu) sensu Zhou et al., 1977.
Discussion.—We follow previous authors (Fortey, 1994;
Peng et al., 2004a) in using the original generic concept of
Wolfart (1974). Based on well preserved material found
recently from the Huaqiao Formation, northwestern Hunan,
South China, Peng et al. (2004a) suppressed Xingia Peng 1987
as a junior synonym of Torifera and transferred, or
questionably transferred, a number of species assigned
previously to other genera to the genus while adding a new
species. Those species are list above. Zhang and Jell (1987)
synonymized Aulacodigmatidae Öpik, 1976 and Diceratocephalidae Lu, 1954, and assigned Torifera to the latter. The
assignment of Torifera is not accepted by Peng et al. (2004a),
who classified the genus within Alsataspididae Turner, 1940.
The latter assignment is followed here.
As noted by Jell and Hughes (1997), the thorax of Torifera
is known from the Himalayan species described below as
Torifera jelli and contains 8 segments. Torifera mera
(Romenenko, in Goncharova et al., 1972) from Gorlyi Altai
also has a holaspid thorax of 8 segments.
Occurrence.—Occurring in Asia (Afghanistan, India, Gorlyi
Altai, Oman, western Siberia, South China, Vietnam) and
Australia. The stratigraphical range of Torifera is well
constrained in South China, where it occurs from the latest
Lejopyge laevigata Zone through the Linguagnostus reconditus
Zone, indicating a Guzhangian Age.
TORIFERA JELLI new species
Figure 26
Cyclolorenzella? sp. indet., WHITTINGTON, 1986, p. 175, pl. 18,
figs. 2–3.
? Cyclolorenzella? sp., SHAH, PARCHA AND RAINA , 1991 (in
part), p. 90–91, pl. 1, fig. c, non figs, f, i.
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FIGURE 27—Bhargavia prakritika n. gen. and sp. from limestones collected at 433.44 m (PO15 and PO19 collections) and 439.57 m (PO18 collection)
above base of Parahio Valley section on north side of Parahio River, Parahio Formation, Spiti region. Specimens darkened with India ink and coated
with magnesium oxide prior to photography. All cranidia, all likely holaspid. Note the thick exoskeleton and the difference between the external and
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Torifera sp. nov., JELL AND HUGHES, 1997, p. 102, pl. 31, figs.
7, 8, ?fig. 6.
Etymology.—In honor of Dr. Peter A. Jell, paleontologist of
the Himalayan Cambrian.
Types.—Holotype, a cranidium preserved in limestone with
the anterolateral portion somewhat distorted (WIHGF
696.1)(Fig. 26.1). One paratype damaged cranidium
(WIHGF693).
Diagnosis.—Torifera with wide (tr.), rim-like anterior
cranidial border separated by short (sag., exs.), deeply incised
border furrow; palpebral and posterior areas of fixigena
convex; bacculae absent.
Description.—Cephalon subrectangular, wider that long.
Glabella tapering gently forward, width 0.7 length, obtusely
rounded anteriorly, defined by broad and deep axial furrows,
lacking bacculae; three pairs of lateral furrows: S1 furrow
firmly incised, strongly oblique rearward, defining a subtriangular L1; S2 short, deeply notched, S3 faintly impressed;
occipital furrow faint medially, notably deepened at ends;
occipital ring large, subtriangularly-shaped, wider (tr.) than
L1, extending rearward into stout, wide-based occipital spine
bearing a sagittal carina. Anterior cranidial area highly
convex, with anterior portion strongly sloping downward
forward, occupying about 0.3 of cranidial length (excluding
occipital spine); anterior border rim-like, wider than glabellar
length, defined by deeply incised border furrow; palpebral lobe
small, 0.25 pre-occipital glabellar length, semicircular, markedly upstanding, fixigena moderately convex; preglabellar boss
weak; eye ridge faint, running from anterior end of palpebral
lobe inward and slightly rearward to axial furrow, then
running downward along the slope formed by the descending
inner part of palpebral area; palpebral area slightly wider that
basal glabellar width, gently convex; anterior branch of facial
suture converging forward, meeting anterior cranidial border
at distance to sagittal line about the length of preglabellar
field; posterior branch gently divergent rearward, enclosing a
narrow (tr.) triangular posterolateral projection that slopes
strongly downward; posterior border furrow deep, narrower
(exs.) than posterior border, becoming obsolete distally.
Discussion.—Jell and Hughes (1997) realized that their
material of Torifera from the Kurgiakh Formation near Kuru,
Zanskar represented a new species but failed to name it because
of insufficient material. The new material, also from Kuru, is
again a small collection but, in combination with the material
described previously, can be assigned as a new species with
confidence because the combination of features seen is unknown
in all species of Torifera described to date. The features that
characterize the new species include the absence of bacculae, the
absence of a large triangular depression on the palpebral and
posterior areas of the fixigena, a relatively less strongly tapered
glabella, the continuous slope of the anterior cranidial field
without a median boss, a relatively wide (tr.) anterior cranidial
border, and the absence of surficial granulation.
The new species is closely similar to Torifera tuma Yang (in
Zhou et al., 1977, pl. 50, figs. 17, 18) from South China and
Torifera mera Romenenko (in Goncharova et al., 1972, pl. 53,
figs. 3–5) from western Siberia in lacking bacculae and having
a wide (tr.) anterior border. However, Torifera tuma has a
strongly tapered glabella and a cranidium ornamented with
granules and Torifera mera has a notable boss on the
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FIGURE 28—Bhargavia prakritika n. gen. and sp. from limestones
collected at 433.44 m (PO15 collection) and 439.57 m (PO18 collection)
above the base of the Parahio Valley section on north side of Parahio
River, Parahio Formation, Spiti region. Specimens darkened with India
ink and coated with magnesium oxide prior to photography. All likely
holaspid. Note the thick exoskeleton, and the difference between the
external and the internal surfaces. 1, 2, cranidium, WIHGF456, PO18,
36.5: 1, dorsal view; 2, anterior left lateral view; 3, pygidium, WIHGF406,
PO15, 314.75; 4, cranidium, WIHGF1025, PO18, 37.

preglabellar area. Torifera cf. triangularis from Oman (Fortey,
1994, fig. 6B–F) has similar anterior cranidial area and also
lacks bacculae, but again differs in having a conical glabella,
and in a shorter (tr.) anterior cranidial border. Torifera
triangularis, the type species, and T. taoyuanensis (Peng, 1987,
pl. 13, figs. 1–4, 6, non 5) are differentiated by having a
depressed palpebral and posterior areas, and glabellar
bacculae. Torifera abrupta (Peng et al., 2004a, pl. 60, figs. 1–
10) differs by its folded anterior cranidial field with a clearly
defined boss medially and by the presence of bacculae.
Torifera mera is easily distinguished by having a preglabellar
boss, narrower palpebral area, and a more depressed fixigena.
Occurrence.—Preserved in limestone at 36.05 m (KU6
collection) and at 36.55 m (KU4 collection) above the base
of the Kuru 1 section opposite Kuru, Zanskar, Teta Member,
Karsha Formation; Guzhangian Stage, Lejopyge acantha
Zone. Also known from shale in the Surichun La nulla
section (equivalent to the present KH3 collection) north of
Kurgiakh, Zanskar, Surichun Member, Kurgiakh Formation;
Guzhangian Stage, Proagnostus bulbus Zone.
Order PTYCHOPARIIDA Swinnerton, 1915
Superfamily ELLIPSOCEPHALIODEA Matthew, 1887
Family ELLIPSOCEPHALIDAE Matthew, 1887
Genus BHARGAVIA new genus
Etymology.—In honor of Dr. Om N. Bhargava, for his
important and lifelong contributions to the Cambrian geology
of the Himalaya.
Type species.—Bhargavia prakritika n. sp.; designated
herein.

r
internal surfaces: 1, WIHGF443B.5, PO18, 39; 2, WIHGF440A.3, PO18, 3 10.75; 3, WIHFG455.3, PO18, 39; 4, WIHGF440B, PO18, 311; 5,
WIHGF440A.1, PO18, 3 9.75; 6, WIHGF455.5, PO18, 39.5; 7, WIHGF455.4, PO18, 310; 8, WIHGF412, PO15, 39.5; 9, WIHGF455.2, PO18, 310;
10, WIHGF450B, PO18, 39.75; 11, WIHGF406, PO15, 310; 12, WIHGF443A.1, PO15, 38.5; 13, WIHGF1026, PO18, 38.5; 14, WIHGF401B, PO15,
3 8.75. 15, 16, 17, holotype, WIHGF466B.1, PO19, 38.75: 15, anterior view; 16, anterior left lateral view; 17, dorsal view of external surface; 18,
WIHGF466B.2, PO19, 310.25.
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FIGURE 29—Douposiella himalaica (Reed, 1910) from limestones collected at 765.14 m (PO21 collection), 772.51 m (PO23 collection), and 775.41 m
(PO24 collection) above the base of the Parahio Valley section on north side of Parahio River, Spiti region, Parahio Formation. Specimens darkened
with India ink and coated with magnesium oxide prior to photography. All cranidia except 14, 18, 19: 1, WIHGF967, PO21, 38.5; 2, WIHGF605.2,
PO23, 38; 3,6, WIGHF938.1, PO23, 36.25: 3, retrodeformation of 6 with inferred strain ellipse; 4, WIHGF948.1, PO23, 36.5; 5,9, WIHGF495, PO24,
36.5: 5, anterior view; 9, dorsal view; 7, WIHGF965.2, PO21, 3 5.5; 8, WIHGF934, PO23, 36; 10, WIHGF942, PO24, 36; 11, 12, WIHGF941.1, PO24,
36: 11, dorsal view; 12, left lateral view; 13, WIHGF944, PO24, 36.75; 14, pygidium, WIHGF934.2, PO23, 3 10.25; 15–17, WIHGF943, PO24, 34.25:
15, dorsal view; 16, anterior view; 17, right lateral view; 18, external mold of left librigena, WIHGF610, PO24, 38.5; 19, external mold of right librigena,
WIHGF935.1, PO23, 310; 20, WIHGF937.2, PO23, 34.25; 21, WIHGF936, PO23, 34.
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Other species.—Syspacephalus obscurus Palmer and Halley,
1979 (p. 116, pl. 7, figs. 6–13, 15) from the Albertella Zone,
California, and Nevada, southern Great Basin, USA.
Diagnosis.—A highly effaced ellipsocephalinean trilobite
with a thick exoskeleton. Cranidium with a weak sagittal keel;
palpebral and pre-occipital glabellar furrows obscure; posterior border furrow confluent with posterior margin of
occipital ring. Parietal morphology on internal mold indicates
a trapezoid glabella with four pairs of unevenly spaced lateral
furrows including an adaxially bifurcate S1, straight or slightly
concave sides, and rounded anterolateral corners; frontal area
clearly divided into anterior border and preglabellar field; eye
ridge parallels cranidial anterior margin, with inner end
merging into axial furrow; posterior end connecting to
palpebral lobe posterior to the anterior end of palpebral lobe.
Anterior branch of facial suture convergent; posterior branch
running rearward and somewhat outward. Pygidium small
and transverse; axis extending rearward to posterior margin;
pleura with bands of subequal length (exs.), posterior bands
longer.
Discussion.—The new genus is here classified with Ellipsocephalinae because it is morphologically comparable to
Kingaspis Kobayashi, 1935 and Kingaspidoides Hupé, 1953,
in the proportional length and width of the glabella, the
concave sides of the glabella, the size of palpebral lobe, the
direction of the eye ridge, and in being highly effaced.
However, some features of the new genus are strikingly
different from those of above mentioned genera. The detailed
review and emendation of Kingaspis by Geyer (1990) and
Geyer and Landing (2001) and the restudy of the type material
of the type species, Kingaspis campbelli (King, 1923) by
Rushton and Powell (1998) has greatly clarified the generic
concept of the genus. An exfoliated cranidium has been
selected as lectotype for the type species by the latter authors
(Rushton and Powell, 1998, fig. 21). With regard to the
external surface, Kingaspis differs from the new genus in
having the palpebral lobe situated posterior to the mid-length
of the cranidium, a divergent anterior branch of the facial
suture, and a cranidium of lower convexity. On the basis of
parietal morphology, Kingaspis is easily distinguished in
having a subparallel-sided glabella with an expanded rather
than evenly rounded anterior glabellar corner, a simple rather
than bifurcated S1, an eye ridge with its anterior end
connecting with glabellar anterolateral corner, and an
obscurely subdivided anterior glabellar area. Kingaspidoides
is closely related to Kingaspis, and recently Liñán et al. (2003)
regarded both as subgenera under the name Kingaspis. The
features distinguishing Kingaspis and Bhargavia n. gen. listed
above also serve to differentiate the new genus from Kingaspidoides. As recently emended (Geyer, 1990), Kingaspidoides
is characterized by the uneven convexity of its cranidium in
transverse profile, in which it differs much from Bhargavia.
Syspacephalus obscurus is considered to be referable to
Bhargavia. It is similar to Bhargavia prakritika in both external
and internal morphology. As noted by Palmer and Halley
(1979, p. 116), the obscure axial and border furrows differentiate it from all other species of Syspacephalus. The two species
are distinguished by the longer preglabellar field and anterior
border in B. obscura, the anterior branches of the facial suture
of which run forward parallel the sagittal axis, rather than
converging forward as in Bhargavia prakritika, by the granular
ornamentation in B. obscura, and by the smaller size of the
American species.
Bhargavia is known definitely from India and the southern
Great Basin, but some species from Antarctica assigned
questionably as Glabella? pitans Palmer and Gatehouse
(1972, p. 72, pl. 1, figs. 9, 10, 13, 14), Kingaspis? convexa
Palmer and Rowell (1995, pl. 12, fig. 10.1–10.3, 10.5, 10.6,
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FIGURE 30—Eosoptychoparia sp. indet. from shales collected at
500.32 m (PI14 collection), 501.39 m (PI19 collection), 504.04 m (PI21
collection), and 510.04 m (PI17 collection) above base of Purni Valley
section 3, Parahio Formation, on east side of Tsarap River, south of
Phuktal Gompa, Zanskar valley. Specimens darkened with India ink and
coated with magnesium oxide prior to photography. All holaspid cranidia.
1, WIHGF626.1, PI17, 3 3.25; 2, latex of counterpart, WIHGF852B,
PI19, 36.5; 3, WIHGF849, PI19, 35.5; 4, WIHGF587, PI14, 34.75; 5,
WIHGF570, PI14, 36.25.

10.9, 10.10), and Kingaspis? sp. 1–sp. 3 (Palmer and Rowell,
1995, fig. 10.4, 10.7, 10.8, 10.11–10.18) are probably congeneric. It is interesting that librigena found associated with two
Antarctic species are characterized by the absence of a
librigenal spine, whereas species of Kingaspis and Kingaspidoides have genal spines on their librigena. Hence recovery
of librigenae may clarify relationships between Bhargavia
prakritika and the Antarctic species.
Occurrence.—In Spiti, India, in the lower part of informal
global Stage 5 of Cambrian. Bhargavia obscura occurs in the
lower part of the Albertella Zone (Palmer and Halley, 1979, pl.
18) in California, at an apparently correlative stratigraphic
level (Sundberg and McCollum, 2003), assuming that our
assessment of the level of O. indicus in the Parahio section is
correct.
BHARGAVIA PRAKRITIKA new species
Figures 27, 28
Etymology.—Adjective of the Sanskrit noun prakritik,
meaning ‘‘of nature’’, to reflect Dr. Bhargava’s affection for
nature.
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FIGURE 31—Gunnia smithi n. sp. from limestones collected at 765.14 m (PO21 collection) and 772.51 m (PO23 collection) above the base of the
Parahio Valley section on the north side of Parahio River, Spiti region, Parahio Formation. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. All PO21 except 9: 1, meraspid cranidium, WIHGF956, 320.75; 2, cranidium, WIHGF951.3, 3 7.75; 3,
cranidium, WIHGF578.2, 37; 4, cranidium, WIHGF955, 35.5; 5, cranidium and left librigena, WIHGF578.6, 35.75; 6, left librigena, WIHGF954.5,
36.75; 7, 8, cranidium, WIHGF584.2, 3 8: 7, dorsal view; 8, left lateral view; 9, cranidium, WIHGF948.2, PO23, 34.5; 10, 11, cranidium,
WIHGF951.4, 3 4.5: 10, anterior view; 11, dorsal view; 12, 13, holotype cranidium, WIHGF954.1, 34: 12, left lateral view; 13, dorsal view; 14, 15, 16,
pygidium, WIHGF954.4, 34.75: 14, left oblique lateral view; 15, posterior view; 16, dorsal view.

HIMALAYAN CAMBRIAN TRILOBITES

47

FIGURE 32—Gunnia sp. from Parahio Valley, Spiti. 1–4, Gunnia sp. 1 from limestone collected at 580.52 m above base of Parahio Valley section (PO20
collection) on north side of Parahio River, Parahio Formation, Spiti region. Specimens darkened with India ink and coated with magnesium oxide prior
to photography. Both likely holaspid cranidia. 1–3, WIHGF467, 312.75: 1, dorsal view; 2, anterior right lateral view; 3, right lateral view; 4,5,
WIHGF988, 37.75: 4, left lateral view; 5, dorsal view; 6–9, Gunnia sp. 2 from limestone collected at 828.72 m above the base of the Parahio Valley
section (PO30 collection) on the north side of Parahio River, Parahio Formation, Spiti region: 6, 7, cranidium, WIHGF1029, 35: 6, right lateral view;7,
dorsal view; 8, cranidium, WIHGF662A, 34.5; 9, right librigena, WIHGF682A, 34.75.

Material.—A complete, testaceous cranidium (WIHGF
466B.1) is the holotype (Fig. 27.15–27.17). Paratypes include 18
cranidia, all likely holaspid, (WIHGF401B, WIHGF406,
WIHGF410, WIHGF412, WIHGF440A.1, WIHGF440A.3,
WIHGF440B, WIHGF443B.5, WIHGF450B, WIHGF455.2,
WIHGF455.3, WIHGF455.4, WIHGF455.5, WIHGF456,
WIHGF466B.2, WIHGF1025, WIHGF1026), and one pygidium (WIHGF406).
Diagnosis.—As for the genus.
Description.—Cranidium highly effaced, subtriangular in
outline, moderately convex with a weak sagittal keel. Anterior
margin broadly rounded, sagittal profile a continuous curve
and transverse profile obtusely angled. Axial furrow weakly
defined via a change slope between glabella and fixigena;
preglabellar furrow effaced. Occipital furrow short (sag.)
distinct but weakly incised, continuous across axis, isolated
axially, palpebral lobe small and narrow, opposite cranidial
mid-length anterior to occipital furrow. Posterior border
furrow short (sag.), firmly incised, confluent with posterior
margin of occipital ring, forming a smooth continuous arc;
posterior border widening abaxially; anterior branches of
facial suture gently convergent forward at angle of about 10 to
15 degrees to sagittal axis; posterior branches directed
rearward and gently outward, enclosing a narrow triangular
posterolateral projection. Marked differences between cranidial external and internal molds. On internal mold, all furrows
are firmly incised, glabella trapezoid in outline, with sides
straight or slightly concave outward in anterior part, obtusely
rounded anteriorly, occupying about 0.72 to 0.82 cranidial
length; four pairs of lateral glabellar furrow isolated from
axial furrows, unevenly spaced with S1 and S2 widely spaced
and S3 and S4 closely spaced; S1 longest, bifurcate adaxiially,
posteriorly directed; S2 transverse, rather long, S3 and S4
short, subparallel, gently oblique forward; occipital furrow
long (sag.), transverse or slightly curved rearward, anterior
margin steeply sloped, confluent with axial furrows. Occipital

ring slightly shorter (sag.) than L1, narrowing at axial furrows
with a small axial node lying slightly posterior to mid-point.
Frontal area about 0.25 glabellar length (sag.), anterior border
slightly convex, somewhat flatter than fixigenal convexity;
preglabellar field uniformly convex (tr.), occupying 0.5–0.7 of
frontal area length (sag.); anterior border furrow shallow but
clearly defined. Eye ridge evenly curved, directed inward and
forward to parallel anterior cranidial margin, with anterior
end merging into axial furrow opposite S4 and lying near the
anterolateral corner of glabella, posterior end extending to a
point slightly posterior to anterior end of palpebral lobe.
Palpebral area more than half maximum glabellar width (tr.),
continuous convexity with glabella; palpebral lobe raised
slightly above palpebral area, about 0.3 glabellar length (sag.),
well defined by moderately incised palpebral furrow with
anterior end opposite S3, and posterior portion opposite L2.
Posterior border furrow broad (exs.), moderately deep;
posterior border gently convex, narrower (exs.) than posterior
border furrow.
Occurrence.—From limestones collected at 433.44 m (PO15
and PO19 collections), 439.57 m (PO18 collection), and
439.67 m (PO17 collection) above the base of the Parahio
Valley section on the north side of the Parahio River, Spiti
region, Parahio Formation, Kaotaia prachina Zone, informal
global Stage 5 of the Cambrian.
Superfamily PTYCHOPARIOIDAE Matthew, 1887
Family PTYCHOPARIIDAE Matthew, 1887
Genus DOUPOSIELLA Lu and Chang in Lu et al., 1974a
Douposiella LU AND CHANG in Lu et al., 1974a, p. 104; YIN
AND LI, 1978, p. 463–464; ZHANG ET AL., 1980a, p. 353;
LUO, JIANG AND TANG, 1994, p. 145; JELL AND HUGHES,
1997, p. 52–54; YUAN, ZHAO, LI AND HUANG, 2002, p. 180–
181; YUAN, LI, AND ZHAO, 2008, p. 102.

48

PENG ET AL.

Danzhaiaspis (Nangaocephalus) YUAN in Zhang et al., 1980a,
p. 358.
Type species.—Douposiella douposiensis Lu and Chang in
Lu et al., 1974a from the Doupossu Formation, Yiliang,
Yunnan, China, by original designation.
Discussion.—The holotype of type species Douposiella
douposiensis is apparently an immature cranidium with a length
of only about 2.5 mm (Lu et al., 1974a, pl. 41, fig. 1; Zhang et
al., 1980a, pl. 120, fig. 4; Yuan et al., 2002, pl. 45, fig. 8). The
large cranidia assigned subsequently to the species (Zhang et al.,
1980a, pl. 120, fig. 3; Yuan et al., 1980, pl. 45, fig. 9; pl. 68, figs.
1, 8) have a less tapered glabella, relatively shorter palpebral
lobes, and more distinct lateral glabellar furrows.
As discussed below, Shantungaspis himalaica (Reed, 1910) is
here reassigned to Douposiella. Both Shantungaspis and
Douposiella have long palpebral lobes, a moderately long
glabella that is slightly longer than wide, relatively narrow
intraocular fixigenae, and a relatively long preglabellar field,
but the former differs in having an occipital spine and a nearly
parallel-sided rather than notably tapered glabella. In
transferring himalaica to Shantungaspis, Jell and Hughes
(1997) suggested that Zhang and Jell’s (1987) claim of an
occipital spine in Shantungaspis was unfounded. In fact,
Chang’s (1957) line drawing of the type species Shantungaspis
aclis (Walcott, 1905), which shows only a median node on the
occipital ring, rather than a spine, is inaccurate. Large
collections of Shantungaspis aclis reveal that the type species
has a well-developed occipital spine that is upward and gently
rearward directed (Zhou et al., 1982, pl. 60, fig. 10; Guo and
Zan, 1991, pl. 2, fig. 14; An et al., 1996, pl. 1, fig. 1–3; Yuan
and Li, 1999, pl. 6, figs. 1–3; Duan et al., 2005, pl., 7, figs. 2–
15, text-figs. 7-1.3, 7-2) and this is regarded here as a critical
feature for differentiating Shantungaspis from Douposiella.
Occurrence.—China (Guizhou, Yunnan) and India (Spiti);
informal global Stage 5 of the Cambrian System.
DOUPOSIELLA HIMALAICA (Reed, 1910)
Figure 29
Ptychoparia? himalaica REED, 1910, p. 36, pl. 4, fig. 27; pl. 5,
figs. 1–4.
Megagraulos? himalaica (Reed); KOBAYASHI, 1967, p. 486,
text-fig. 7.1.
Shantungaspis himalaica (Reed); JELL AND HUGHES, 1997,
p. 46–48, pl. 11, figs. 1–5.
New material.—Thirteen cranidia (WIHGF495, WIHGF
605.2, WIHGF934, WIHGF936, WIHGF937.2, WIHGF938,
WIHGF941.1, WIHGF942, WIHGF943, WIHGF944,
WIHGF948.1, WIHGF965.2 and WIHGF967), two librigena
(WIHGF610, WIHGF935.1), and one pygidium (WIHGF
934.2).
Discussion.—Specimens assigned to Douposiella himalaica
from the Parahio Valley section are characterized by their
gently tapered glabella with three to four pairs of lateral
furrows and rounded front, long palpebral lobes that are
medially to posteriorly centered, a short and convex anterior
border, and a slightly convex preglabellar field that is up to
twice the length of the anterior border, although there is
variation in these proportions among the specimens. Most of
specimens in the new material are collected from limestone
and maintain their original shape and convexity. They are
identical in all observed details to the shale specimens from
Hayden’s Horizon 6 in the same section, which were named as
Ptychoparia? himalaica by Reed (1910) and renamed Shantungaspis himalaica by Jell and Hughes (1997). This species is here
classified as Douposiella for reasons given above and because
the associated pygidium conforms to that of Douposiella
(Zhang et al., 1980a, pl. 120, fig. 7; Yuan et al., 2002, pl. 68,

fig. 1, 8), but differs from that of Shantungaspis (Walcott,
1913, pl. 12, fig. 8a; Zhang and Jell, 1987, pl. 27, fig. 5).
Douposiella himalaica is closely similar to the type species
Douposiella douposiensis but can be distinguished by its less
tapered glabella that is proportionally shorter.
Douposiella hostilis (Reed, 1910) of Jell and Hughes (1997)
from Hayden’s Horizon 9, Parahio Valley, Spiti is here
reassigned to Ziboaspis on the basis of new material in
limestone from the type locality.
Occurrence.—From limestones collected at 765.14 m (PO21
collection), 772.51 m (PO23 collection), and 775.41 m (PO24
collection) above the base of the Parahio Valley section on
north side of Parahio River, Parahio Formation, Spiti region;
Parahio Formation, Paramecephalus defossus Zone, informal
global Stage 5 of the Cambrian System.
Genus EOSOPTYCHOPARIA Chang, 1963
Eosoptychoparia CHANG, 1963, p. 463–464, 478; LU ET AL.,
1965, p. 133–134; ZHANG ET AL., 1980a, 321; ZHANG AND
WANG, 1985, p. 348; ZHANG AND JELL, 1987, p. 77; GUO,
ZAN AND LUO, 1996, p. 67.
not Eosoptychoparia CHANG, 1963; NAN AND CHANG, 1982a,
p. 9; 1982b, p. 29.
Eosoptychoparia (Eosoptychoparia) CHANG, 1963; YUAN,
ZHAI, LI AND HUANG 2002, p. 171.
not Eosoptychoparia (Danzhaina) YUAN in Zhang et al., 1980a;
YUAN, ZHAO, LI AND HUANG, 2002, p. 171–172; YUAN, LI,
AND ZHAO, 2008, p. 102.
Type species.—Ptychoparia kochibei Walcott, 1911, from
the Changhia Formation, Jinjiachengzi, Changxing Island,
Liaoning, by original designation.
Discussion.—Eosoptychoparia was erected by Zhang
(Chang, 1963, p. 463–464; 478) using Ptychoparia kochibei
Walcott, 1911 as the type species and selecting a lectotype.
Subsequently, Zhang and Jell (1987, p. 77) emphasized that
only the broad fixigena, the long preglabellar field, and the
small pygidium characterize the genus. Zhang’s original
concept, with Zhang and Jell’s modifications, is followed
here. Yuan et al. (2002) broadened the generic concept by
including Pachyaspis (Danzhaina) Yuan in Zhang, 1980a with
its junior synonyms Jiumenia Yuan in Zhang 1980a, and
Jimaoshania Qiu in Qiu et al., 1983, and regarded this group of
trilobites as a subgenus of Eosoptychoparia. This classification
is rejected here as Yuan et al. (2002) did not explain why this
group of trilobites is the phylogenetic sister taxon of other
Eosoptychoparia. Pending thorough revision of the ptychopariids, we prefer to recognize them as a separate genus that
differs from Eosoptychoparia by its narrower fixigena,
proportionally shorter preglabellar field and longer glabella.
The generic name Danzhaina, as used by Yuan et al. (1997,
p. 511, 522), is thus revived for these trilobites. Zhang and Jell
(1987, p. 72) suppressed Pachyaspis (Danzhaina) lilia Yuan in
Zhang et al., 1980a (p. 323, pl. 107, figs. 1–7, text-fig. 90), the
type species of P. (Danzhaina) (and now Danzhaina), as a
junior synonym of Xingrenaspis hoboi (Resser and Endo in
Endo and Resser, 1937), and thus automatically suppressed
Danzhaina within Xingrenaspis. This suppression was rejected
by Yuan et al. (2002, p. 172), who considered them to be
separate species differentiated by cranidial outline, the size and
position of the palpebral lobe, the course of the facial sutures,
and features of the anterior border including the distinction of
the anterior border furrow. We follow Yuan et al. (2002) in
rejecting the transfer made by Zhang and Jell (1987).
EOSOPTYCHOPARIA sp. indet.
FIGURE 30
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Ptychoparia sp.; KUMAR, 1998, p. 674, pl. 1, fig. 12.
Lyriaspis spitiensis REED, 1910; KUMAR, 1998, p. 674, pl. 1,
figs. 11. ?13.
Elrathia cf. chuwansis KOBAYASHI, 1935; KUMAR, 1998,
p. 677, pl. 2, figs. 7, 8, 14.
Material.—Five cranidia (WIHGF570, WIHGF587, WIHGF
626.1, WIHGF849, WIHGF852B).
Discussion.—The cranidia collected from the uppermost
part of the Parahio Formation near Phuktal Gompa, Zanskar
are characterized by a long preglabellar field, a short glabella
with S1 firmly incised and running strongly obliquely
rearward toward SO such that L1 is almost isolated, and a
relatively wide fixigena. The eye ridge runs slightly obliquely
or transversely and the anterior branch of the facial suture
diverges forward slightly. These features are closely comparable to those of the lectotype of type species Eosoptychoparia
kochibei (Walcott, 1911, pl. 12, fig. 5c; see also Chang, 1963,
pl. 1, fig. 6), suggesting placement within Eosoptychoparia.
However, no specific assignment is attempted because of the
small number of specimens and their poor state of preservation.
Occurrence.—From shales collected at 500.32 m (PI14
collection), 501.39 m (PI19 collection), 504.04 m (PI21 collection), and 510.04 m (PI17 collection) above base of the Purni
Valley section 3, on the east side of the Tsarap River, south of
Phuktal Gompa, Zanskar, Parahio Formation, Sudanomocarina sinindica Zone, informal global Stage 5 of the Cambrian
System.
Genus GUNNIA Gatehouse, 1968
Gunnia GATEHOUSE, 1968, p. 50; KRUSE, 1990, p. 15.
Ellotia GATEHOUSE, 1968, p. 54.
Xiangshanaspis LIN in Qiu et al., 1983, p. 148.
Yiliangaspis LUO in Luo, Jiang and Tang, 1994, p. 141.
Probowmania (Gunnia) GATEHOUSE, 1968; YUAN ET AL.,
1997, p. 510; YUAN AND ZHAO, 1999, p. 121, 130; YUAN,
ZHAO, LI, AND HUANG, 2002, p. 157–158; LIN, 2008, p. 69;
YUAN, LI, AND ZHAO, 2008, p. 103.
Type species.—Gunnia lutea Gatehouse, 1968, from the
Tingall Limestone, Litchfield, Northern Territory, Australia,
by original designation.
Other species.—Yiliangaspis yiliangensis Luo in Luo et al.,
1994 (p. 141–142, pl. 32, figs. 8, 9) [5Antagmidae gen. et sp.
indet. 1 (Zhang et al., 1980a, pl. 102, figs. 9], from the
Wulungqing Member, Tsanglangpu Formation, near Yiliang,
Yunnan, China; Probowmaniella jixianensis Zhang in Zhang et
al., 1995 (p. 35–36, pl. 10, figs. 4–10; pl. 11, figs. 1, 2) from the
Maochuang Formation, Jixian, Henan, China; and Gunnia
smithi n. sp., Gunnia sp. 1, and Gunnia sp. 2 described herein.
Yuan et al. (2002) transferred several species, some
tentatively, to their subgenus P. (Gunnia), but we considered
these assignments to be unacceptable. Transferred taxa
include Kunmingaspis huitingshanensis Sun, 1982 (p. 305, pl.
2, figs. 1–3), Pachyaspis (Danzhaina) jingshanensis Sun, 1982
(p. 305–306, pl. 2, figs. 8–11; pl. 3, fig. 9), Pachyaspis
(Danzhaina) dahongshanensis Sun, 1982 (p. 306, pl. 2, figs.
12–14) and tentatively, Ptychoparia? himalaica Reed, 1910
(p. 36, pl. 7, fig. 27; pl. 5, figs. 1–4), Xingrenaspis quadrata
Yuan and Zhou in Zhang et al., 1980a (p. 331, pl. 109, figs.
14–16), and Xiangshanaspis tongshanensis Lin in Qiu et al.,
1983, (p. 148, pl. 49, fig. 6). We do not consider these taxa to
form a monophyletic entity because we do not see putative
synapomorphies linking these forms.
Kruse (1990, p. 18–19, pl. 6; text-fig. 11) added a species G.
cf. concava (Deiss, 1939) to Gunnia, that we feel might be
better assigned to Xingrenaspis Chang et al., 1980a.

49

Discussion.—Kruse (1990, p. 15) recognized Gunnia as a
separate genus but noted that it ‘‘is morphologically close to
and possibly synonymous with one or more of Probowmania
Kobayashi, 1935 and its one-time subgenus Mufushania Lin,
1965.’’ Yuan et al. (2002) regarded Gunnia and Mufushania as
subgenera of Probowmania Kobayashi, 1935. Since these taxa
are distinguishable, we concur with Kruse in leaving them at
generic rank until more is known. Gunnia is a rather effaced
ptychopariid with obscure or absent lateral glabellar furrows
and a faint eye ridge. In this genus, the anterior branch of the
facial suture curves evenly outward to a rounded inflection,
the inner end of the eye ridge is anteriorly positioned such that
the preocular field and preglabellar field are almost equal in
length (sag., exs.), the anterior border occupies a relatively
longer proportion of the total cranidial length, and the
occipital node, when present, lies at the center of the occipital
ring. Zhang and Jell (1987, pl. 25, fig. 1) refigured the holotype
of Probowmania ligea (Walcott, 1905), which differs from
Gunnia by the presence of deep lateral glabellar furrows and a
stout eye ridge, an anterior branch of the facial suture that
encloses an obtuse anterolateral corner of the cranidium, and
an occipital node situated at the posterior margin of the
occipital ring. Peng et al. (2001c) restudied the type material of
Mufushania and selected a lectotype for Mufushania nankingensis, the type species of the genus. The lectotype has a
similarly proportioned anterior border to that of Gunnia but
differs in having a proportionally longer and narrower
glabella, a more posteriorly positioned eye ridge and an
obtuse anterior branch of the facial suture.
Kruse (1990) synonymized Gunnia convexa Gatehouse, 1968
and Ellotia dimota Gatehouse, 1968 (p. 54, pl. 6, figs. 2a–d,
text-fig. 5) with Gunnia lutea, the type species of Gunnia.
Ellotia dimota is the type species of Ellotia, and with this
transfer Ellotia became a junior synonym of Gunnia. We
follow Yuan et al. (2002) in regarding Yiliangaspis as a junior
synonym of Gunnia but include only the type species
Yiliangaspis yiliangensis Luo in Luo et al., 1994 (p. 141–142,
pl. 32, figs. 8, 9), Y. latus Luo (Luo et al., 1994, pl. 32, figs. 10–
12) and Y. malongensis Luo in Luo et al., 1994 (Luo et al.,
1994, pl. 32, figs. 13) in Gunnia.
Occurrence.—Australia, South China, and India; from
upper part of informal Stage 4 and Stage 5 of the Cambrian
System.
GUNNIA SMITHI new species
Figure 31
Etymology.—In honor Dr. Barry Smith of York, England,
for his skill and generosity in teaching natural science.
Types.—The holotype (Fig. 31.12, 31.13) is a partially
exfoliated cranidium (WIHGF954.1). Paratypes include seven
cranidia (WIHGF578.2, WIHGF584.2, WIHGF948.2,
WIHGF951.3, WIHGF951.4, WIHGF955, WIHGF956),
two librigenae (WIHGF578.6, WIHGF954.5) and one pygidium (WIHGF954.4).
Diagnosis.—Gunnia of moderate convexity; preglabellar
field longer than anterior cranidial border and more steeply
inclined; glabella with long (sag.) occipital ring; pygidium with
clearly defined borders and short anterior band.
Description.—Cranidium rather smooth, wider than long to
as wide as long, moderately convex, broadly rounded
anteriorly. Glabella broadly subconical, blunt to obtusely
pointed anteriorly, occupying about 0.65 cranidial length with
three pairs of lateral furrows faintly impressed or obsolete;
occipital furrow slightly curved rearward, weakly incised;
occipital ring subcrescentic to subsemicircular with rounded
posterior margin. Eye ridge obscure on external surface, a low
ridge on internal mold, gently oblique rearward at an angle of
70–75 degrees to sagittal line, becoming faint adaxially;
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FIGURE 33—Kaotaia prachina n. sp. from limestones collected at 433.44 m (PO15 and PO19 collections), 439.57 m (PO18 collection) and 439.67 m
(PO17 collection) above the base of the Parahio Valley section on the north side of the Parahio River, Spiti region, Parahio Formation. Specimens
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palpebral lobe short, slightly oblique to sagittal line, midpoint
just posterior to midpoint of cranidium or just anterior to
midpoint of glabella. Anterior border flat and gently upturned
anteriorly; preglabellar field gently convex, inclined forward,
longer than anterior border; anterior border furrow weakly
incised, shallowing medially in some specimens; anterior
branches of facial suture diverge forward at an angle of 20
to 30 degrees to sagittal axis from palpebral lobe curving
inwards to cross border furrow, and continue for a short
distance into the anterior border, after which they curve
inwards forming a smooth curve towards anterior margin;
posterior branch divergent rearward to posterior border
furrow, trending slightly outward to enclose a narrow (tr.),
posterolateral projection; posterior border broad, furrow well
impressed; posterior border a short (exs.) ridge.
Librigena with narrow, gently convex genal field; lateral
border flat, about as wide (tr.) as genal field, extending
rearward into slender genal spine; posterior border and
posterior border furrow absent; lateral border furrow shallow;
doublure slightly narrower than lateral border, cut anteriorly
by connective suture trending inward posteriorly.
Pygidium transverse, half as long (sag.) as wide (tr.). Axis
prominent, moderately convex, reaching to posterior border
furrow, bearing 3 rings and a terminal piece, all subequal in
length; first ring furrow clearly defined, succeeding ring furrows
obscure; terminal piece with a sagittal notch posteriorly;
defining a pair of nodes at the end of the axis; pleural field
gently convex with 3 clearly defined pleural furrows. Pleural
furrows longer (exsag.) than sharply defined interpleural
furrows. Anterior band of pleura slightly shorter (exsag.) than
posterior band. Lateral and posterior border flat, moderately
and evenly wide about margin, narrowing postaxially.
Discussion.—In overall cranidial morphology, the new
species is similar to Gunnia lutea Gatehouse, 1968 (pl. 5, figs.
10, 16; text-fig. 2), the type species, but the latter differs in
having a shorter preglabellar field that is subequal or shorter
than the anterior border, and a shorter occipital ring. Both
Gatehouse’s (1968) and Kruse’s (1990) material from Northern Territory, Australia, and especially the silicified specimens
that maintain full profile of cranidium for the type species
(Kruse, 1990, pl. 4, figs. A–C), show that the type species was
of lower cranidial convexity than that of the new species, and
had a less steeply rearward sloping anterior cranidial border.
The pygidium of the type species has a more transverse
outline, less distinctly defined axial rings of which there are
only two rings, and lacks borders.
Gunnia jixianensis is also comparable, but it differs in having
a proportionally longer preglabellar field, less divergent
anterior branches of the facial suture, and a more acutely
rounded anterior cranidial margin.
Gunnia yiliangensis differs readily in having a shorter
preglabellar field, shorter occipital ring, and probably more
distinct lateral glabellar furrows.
Occurrence.—From limestones collected at 765.14 m (PO21
collection), 765.28 m (PO22), and 772.51 m (PO23 collection)
above base of the Parahio Valley section on the north side of
the Parahio River, Spiti region; Parahio Formation, Paramecephalus defossus Zone, informal global Stage 5 of the
Cambrian System.
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FIGURE 34—Kaotaia sp. cf. K. gedongensis (Yuan and Zhao, 1994) from
limestone collected at 78.07 m above the base of Parahio Valley section
(PO3 collection) on the north side of the Parahio River, Spiti region,
Parahio Formation. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. All cranidia. 1, late meraspid or
early holaspid, WIHGF197.2, 311.25; 2, WIHGF197.1, 35.75; 3, 4,
WIHGF 222, 37: 3, anterior right lateral view; 4, dorsal view.

GUNNIA sp. 1
Figure 32.1–32.5
Material.—Two cranidia (WIHGF467, WIHGF988).
Discussion.—This species is characterized by its broadly
conical, relatively convex glabella, and by the anterior branch
of the facial suture that is slightly divergent anterior to the eye,
flexing inward to cross the anterior border at an angle of 45
degrees to the sagittal line. This species is assigned to Gunnia
due to its resemblance in overall cranidial aspect. One
cranidium in the type material of Gunnia lutea, the type
species (Gatehouse, 1968, pl. 5, fig. 2a–c), has a glabella
similar to that of the present cranidia, but that Australian
cranidium is of lower convexity, and its anterior branch of the
facial suture forms a smooth curve, such that the extremity of
the anterior border is rounded rather than angular. The
breadth of the cranidium serves to distinguish it from other
species assigned to the genus.
Occurrence.—From limestone collected at 580.52 m above
the base (PO20 collection), unzoned interval 3, of the Parahio
Valley section on north side of Parahio River, Spiti region.
Parahio Formation. Informal global Stage 5 of Cambrian.
GUNNIA sp. 2
Figure 32.6–32.9
Material.—Two cranidia (WIHGF662A, WIHGF1029) and
one librigena (WIHGF682A).
Discussion.—Both cranidia assigned to this species are
fragmentary. They have closely similar morphologies to the
specimens we assign to Gunnia sp. 1, which is from a level lower

r
darkened with India ink and coated with magnesium oxide prior to photography. All cranidia, all likely holaspid. 1, WIHGF455.1, PO18, 312; 2,
WIHGF454B, PO18, 38.5; 3, WIHGF443B.3, PO18, 38.5; 4, WIHGF443A.4, PO18, 35.75; 5, WIHGF464, PO19, 36.75; 6, WIGHF403.1, PO15,
36.25; 7, WIHGF408.1, PO15, 36.25; 8, WIHGF443B.1, PO18, 36; 9, WIHGF443.2, PO18, 35; 10, WIHGF434.1, PO17, 35.25; 11, WIHGF442A.2,
PO18, 3 4.75; 12, WIHGF434.2, PO17, 35; 13, WIHGF408.2, PO15, 33.75; 14, WIHGF442A.1, PO18, 36.25; 15, WIHGF432, PO17, 33.5; 16,
WIHGF287, PO17, 33.25; 17, 18, 19, WIHGF416, PO15, 3 3: 17, anterior view; 18, dorsal view; 19, anterior left lateral view; 20, 21, 22, holotype,
WIHGF401A, PO15, 32.5: 20, dosal view; 21, anterior view; 22, anterior right lateral view.
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FIGURE 35—Kunmingaspis stracheyi (Reed, 1910) from limestone collected at 765.14 m (PO21 collection) and shale at 836.41 m (PO26 collection)
above the base of the Parahio Valley section on the north side of the Parahio River, Spiti region, Parahio Formation. Also from south side of Parahio
River on slopes above the east bank of the Sumna River, estimated to be at about the 1050 m level in the section on the north side (PO10 collection).
Specimens darkened with India ink and coated with magnesium oxide prior to photography. All internal molds, unless otherwise stated. 1, cranidium,
WIHGF906.2, PO26, 39.5; 2, cranidium, WIHGF695.1, PO26, 37; 3, cranidium, WIHGF692.1, PO26, 34.75; 4, cranidium, WIHGF924.2, PO26,
38.5; 5, 6, incomplete axial shield, WIHGF902, PO26, 33.25: 5, dorsal view; 6, right oblique lateral view; 7, cephalon and anterior thorax, WIHGF919,
PO26, 37; 8, right librigena, WIHGF906.1, PO26, 32.5; 9, external mold of cranidium, WIGHF701, PO26, 33.75; 10, 11, cranidium, WIGHF1032,
PO26, 33.75: 10, dorsal view; 11, right lateral view; 12, incomplete left librigena, WIHGF917.2, PO26, 33.75; 13, pygidium, WIHGF917.4, PO26,
34.75; 14, pygidium, WIHGF704, PO26, 38.5; 15, portion of articulated thorax, WIHGF907, PO26, 33.25; 16, pygidium, WIHGF911.1, PO26, 37; 17,
cranidium, WIHGF965.1, PO21, 32.75; 18, cranidium, WIHGF584.3, PO21, 33.75; 19, cranidium, WIHGF316, PO10, 36; 20, cranidium, WIHGF303,
PO10, 39.

in the same section. A similarity is the conical glabellar shape,
but these specimens have lower cranidial convexity, a more
convex preglabellar field, a more strongly divergent facial
suture both in anterior and posterior branches, and a paddleshaped, rather than triangular, posterolateral projection.

Occurrence.—From limestone collected at 828.72 m above
base of Parahio Valley section (PO30 collection) on the north
side of the Parahio River, Parahio Formation, Spiti region
Parahio Formation, Paramecephalus defossus Zone, informal
Global Stage 5 of the Cambrian System.
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Genus KAOTAIA Lu in Lu, Chu and Chien, 1962

FIGURE 36—Monanocephalus maopoensis (Reed, 1910) from shale at
836.41 m (PO26 collection) on the north side of the Parahio River, Spiti
region, Parahio Formation. Specimens darkened with India ink and
coated with magnesium oxide prior to photography. All cranidia except 1.
1, latex mold of external surface, WIHGF908, 33.75; 2, WIHGF1005,
36.75; 3, WIHGF902.1, 36; 4, latex mold of external surface,
WIHGF921, 34.5; 5, WIHGF687.2, 34.25; 6, latex of external mold,
WIHGF700, 35.25; 7, WIHGF687.3 34; 8, 9, 10, 11, WIHGF912.2,
34.25: 8, dorsal view; 9, latex mold of external surface; 10, anterior view;
11, left lateral view.

Kaotaia LU in Lu, Chu and Chien, 1962, p. 31; LU, CHU AND
CHIEN, 1963, p. 69; 1965, p. 135; 1974a, p. 99; CHANG,
1964, p. 31–32; LUO, 1974, p. 628; ZHOU LIU, MONG AND
SUN, 1977, p. 138; YIN AND LI, 1978, p. 466; ZHANG ET AL.,
1980a, p. 335; LIU, 1982, p. 305; SUN, 1984, p. 355; ZHANG
AND WANG, 1985, p. 350; LUO in Luo, Jiang and Tang,
1994, p. 143; YUAN AND ZHAO, 1994, p. 283–284, 290–291;
YUAN, ZHAO, LI AND HUANG, 2002, p. 190; YUAN, LI, AND
ZHAO, 2008, p. 102.
Eokaotaia YUAN AND ZHAO, 1994, p. 287; YUAN AND LI,
1999, p. 419; LIN, 2008, p 67.
Kaotaia (Eokaotaia) YUAN AND ZHAO, 1994; YUAN, ZHAO,
LI AND HUANG, 2002, p. 192.
not Kaotaia (Langqia) YIN in Yin and Li, 1978, p. 467;
YUAN, LI, AND ZHAO, 2008, p. 103.
Type species.—Alokistocara magnum Lu 1945, from the
Kaotai Formation, near Meitan, Guizhou, South China, by
original designation.
Other species.—Alokistocara metanense Lu (1945, p. 196, pl.
1, figs. 4, 4a–b) from the Gaotai Formation, Meitan, Guizhou,
China; Kaotaia globosa Chang and Zhou in Lu et al., 1974a
(p. 99, pl. 38, fig. 9) [5Kaotaia transversa Yuan and Zhao, 1994,
pl.1, fig. 4; pl. 2, figs. 1, 2; pl. 4, figs. 1–6] from the Kaili
Formation, Nangao, Guizhou, China; Alokistocara sp. b sensu
Lu (1945, p. 197, pl. 1, fig. 6) from the same locality and same
formation as the type species; Alokistocara qinkouensis Zhou in
Lu et al., 1974a (p. 99, pl. 38, fig. 8) [5Kaotaia longa Zhou in
Zhang et al., 1980a, pl. 112, fig. 10] from the Kaotai Formation,
Yankong, Guizhou, China; Kaotaia mengziensis Zhang and
Zhou in Zhang et al., 1980a (p. 337, pl. 111, fig. 16; pl. 112, fig.
3b) from the lower part of the middle Cambrian, Mengzi,
Yunnan, China; Kaotaia sp., (Zhang et al., 1980a, p. 337, pl.
111, fig. 17) from the Doupossu Formation, Yiliang, Yunnan,
China; Kaotaia kangzhuangensis Zhang and Wang, 1985
(p. 350, pl. 108, figs. 7, 8) from the Hsuchuang Formation,
Taiyuan, Shanxi, China; Kaotaia yongshanensis Luo in Luo et
al., 1994 (p. 143, pl. 33, fig. 7) from the Doupossu Formation,
Yongshan, Yunnan, China; Eokaotaia gedongensis Yuan and
Zhao, 1994 (p. 287–288, pl. 1, figs. 7–9) [5Eokaotaia longa
Yuan and Zhao, 1994, pl. 1, fig. 10] from the lower part of the
Kaili Formation, Jianhe (formerly Taijiang), Guizhou, China;
Kaotaia prachina n. sp. and Kaotaia sp. cf. K. gedongensis (Yuan
and Zhao, 1994) described herein.
Kaotaia kaotaiensis Yin in Yin and Li, 1978 (p. 467, pl. 151,
fig. 18) from the Kaotai Formation, at Gaotai, Guizhou is
here regard as a junior synonym of Kaotaia magna known
commonly from the same formation at Gaotai (Zhang et al.,
1980a, p. 337). This species is based on an incomplete,
possibly meraspid exoskeleton only (apparently with 12
thoracic segments) with a cranidium that is about half as
long as that of the mature Kaotaia magna (Zhang et al., 1980a,
pl. 111, fig. 1), and is closely comparable in morphology with a
similarily-sized cranidium of the latter (Zhang et al., 1980a,
fig. 7); Kaotaia sp. sensu Yuan and Zhao, 1994 (p. 286–287, pl.
3, fig. 7) is also referable to K. magna. Kaotaia? sp. (Sun, 1984,
pl. 134, figs. 7, 8) was based on two cranidia that are strongly
distorted and difficult to interpret. Lu et al. (1965) transferred
three species referred in open nomenclature to Alokistocara to
Kaotaia, of which Alokistocara sp. a sensu Lu (1945) was
found in association with Kaotaia magna and probably
belongs to that species; Alokistocara sp. b sensu Lu (1945)
appears to be a valid species as listed above; and Alokistocara
sp. sensu Hsiang in Egorova et al (1963, pl. 5, fig. 6) is a poorly
preserved thoracopygon that likely belongs to another genus
as it differs from the condition in Kaotaia (cf. Yuan et al.,
2002, pl. 58, figs. 1–6).
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FIGURE 37—Monanocephalus liquani n. sp. from shales of collection LYS-8c in the section measured at Laoyingshan, Huainan, northern Anhui,
China; Hsuchuang Formation. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All cranidia. 1,
NIGP147949, 32.25; 2, NIGP147950, 32.5; 3, NIGP147951, 32; 4, NIGP147952, 32.25; 5, NIGP147953, 32.5; 6, NIGP147954, 32.5; 7, holotype,
NIGP147955, 32.25; 8, NIGP147956, 33. 9; NIGP147957, 34.5.

Discussion.—Lu (in Lu et al., 1962, p. 31) erected Kaotaia in
a footnote designating Alokistocara magnum Lu, 1945 as the
type species but without giving a generic diagnosis. Subsequently Lu et al. (1963) provided a diagnosis for Kaotaia and
placed the genus in the Ptychopariidae, in contrast to the
original placement of Alokistocara (including A. magnum)
within Nepeidae (Lu, 1945). Both the generic concept and the
familial assignment of Lu et al. (1963) were followed by
subsequent authors (see synonymy above), but Yin (in Yin and
Li, 1978) and Yuan and Zhao (in Yuan et al., 2002) argued for
generic placement within Alokistocaridae. In addition, each of
the latter authors added a subgenus (Kaotaia (Langqia) Yin in
Yin and Li, 1978) and a genus (Eokaotaia Yuan and Zhao,
1994) to that family. In following these authors, Jell and
Adrain (2003) also assigned Kaotaia, Langqia and Eokaotaia
to Alokistocaridae. However, Yuan et al. (2002) realized that,
although Eokaotaia is closely allied to Kaotaia, Kaotaia
(Langqia) is not congeneric with Kaotaia. Thus Yuan et al.
(2002) placed Kaotaia (Langqia) in synonymy with Probowmaniella Chang, 1965 and considered Eokaotaia as a subgenus
of Kaotaia. In addition, Yuan and Zhao, as coauthors of Yuan
et al. (2002), no longer assigned Kaotaia to the Alokistocaridae
but reassigned it to the Ptychopariidae. In this respect, we
agree with Yuan et al. (2002) but consider the Ptychopariidae

and the Alokistocaridae to be synonymous and suppress
Eokaotaia as a junior synonym of Kaotaia because the minor
differences listed by Yuan et al. (2002, p. 192) that distinguish
Eokaotaia from Kaotaia are of no more than specific
significance. The status of Eokaotaia is considered further in
the discussion of Kaotaia cf. K. gedongensis.
Qiaotouaspis Guo and An, 1982, with its type species
Qiaotouaspis qiaotouensis Guo and An (1982, pl. 3, figs. 2–4)
from the top of the Manto Formation, Benxi, Liaoning is
closely similar to Kaotaia and probably synonymous with it.
This genus also has a bossed preglabella field, a similarly
shaped glabella, a similarly sized and positioned palpebral
lobe, and a similar length of the anterior area of the fixigena.
It differs only in the proportional length of the anterior border
to the preglabellar field by having a transverse, rather than
oblique, eye ridge. It occurs at a slightly lower stratigraphic
level than Kaotaia.
Many other species have been described which also bare a
preglabellar boss (Fortey and Hughes, 1998), of which such as
Ketyna is broadly similar to Kaotaia. Kaotaia consistently has
a proportionally smaller glabella than the later Cambrian
Ketyna.
Occurrence.—South China (Guizhou, Yunnan, Hunan,
possibily in Hubei), North China (Shanxi), India (Spiti); later
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FIGURE 38—Mufushania nankingensis Lin 1965? from limestone
collected 78.07 m above base of Parahio Valley section (PO3 collection)
on north side of Parahio River, Parahio Formation, Spiti region.
Specimens darkened with India ink and coated with magnesium oxide
prior to photography. Holaspid cranidia. 1, WIHGF105, 37.25. 2,
WIHGF178B, 36.75.

informal global Stage 4, and informal global Stage 5
(Duyunian and Taijiangian as used in South China).
KAOTAIA PRACHINA new species
Figure 33
Etymology.—From the Sanskrit pracheena, meaning ancient.
Types.—A partially exfoliated cranidium (WIHGF401A) is
the holotype (Fig. 33.20–33.22). Paratypes include 17 cranidia
(WIHGF287, WIHGF403.1, WIHGF408.1, WIHGF408.2,
WIHGF416, WIHGF432, WIHGF434.1, WIHGF434.2,
WIHGF442A.1, WIHGF442A.2, WIHGF443A.2, WIHGF
443A.4, WIHGF443B.1, WIHGF443B.3, WIHGF454B,
WIHGF455.1, WIHGF464).
Diagnosis.—Kaotaia with anterior cranidial margin and
border considerably curved; anterior border furrow notably
arched medially; anterior branch of facial suture meets
anterior cephalic margin (point a) at a short distance from
the sagittal axis and thus the anterior border thins sharply
abaxially.
Description.—Exoskeleton thick. Cranidium subrectangular, wider than long, moderately convex, truncate anteriorly.
Glabella short, subrectangular, moderately convex, tapering
forward slightly, truncate or evenly rounded anteriorly,
occupying 0.56–0.58 of cranidial length, bearing three pairs
of evenly spaced, distinct but weakly incised lateral furrows;
S1 with inner half more oblique than outer half, bifurcated
with short (exsag.) anterior branch; S2 subparallel to short,
transverse S3, connecting to axial furrow on internal mold but
isolated on external surface; occipital furrow shallow and long
(sag.), transverse, deepened abaxially; occipital ring crescentic,
with stout node posteriorly. Anterior border moderately long,
flat or gently convex, narrowing sharply abaxially; anterior
border furrow well impressed, strongly curved, notably arched
medially in front of anterior boss; preglabellar field more than
twice length of anterior border, medially upraised into a
distinct boss, separated from preocular field by a shallow
longitudinal impression; eye ridge gently oblique rearward,
faint on external surface, faint or weakly defined on internal
mold, with inner end opposite anterior end of glabella;
palpebral lobe narrow (tr.), slightly curved, slightly oblique
to sagittal line, with posterior end opposite the midlength of
L1, and anterior end opposite S3 or midpoint of L3. Anterior
branch of facial suture diverging forward slightly at an angle
of 20–30 degrees from sagittal axis to anterior border furrow,
turning inward and forward to cross anterior border in a long
curve, meeting cephalic margin at a point about opposite
anterolateral corner of glabella; posterior branch strongly
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divergent rearward defining short and narrow posterolateral
projection of subrectangular shape; posterior border furrow
broad (exs.), deeply impressed, and defining a linear posterior
border.
Discussion.—Kaotaia prachina sp. nov. is closest to Kaotaia
magna, the type species, but differs by its more curved anterior
cranidial border and border furrows, the more adaxial
position of its a-point, the marked axial shortening of the
anterior border, and the less divergent anterior branch of the
facial suture. Kaotaia globosa also has a more prominent boss
in the preglabellar field, and a shorter anterior border without
medial inflection, which is gently rather than strongly curved.
The distinctive anterior border and border furrow of the new
species serve to differentiate the new species from all Chinese
species of Kaotaia.
Occurrence.—From limestones collected at 433.44 m (PO15
and PO19 collections), 439.57 m (PO18 collection) and
439.67 m (PO17 collection) above the base of the Parahio
Valley section on north side of Parahio River, Spiti region;
Parahio Formation, Kaotaia prachina Zone, informal global
Stage 5 of the Cambrian System.
KAOTAIA sp. cf. K.

GEDONGENSIS

(Yuan and Zhao, 1994)

Figure 34
cf. Eokaotaia gedongensis YUAN AND ZHAO, 1994, p. 287–288,
pl. 1, figs. 7–9.
cf. Eokaotaia longa YUAN AND ZHAO, 1994, p. 288, pl. 1, fig.
10.
cf. Kaotaia (Eokaotaia) gedongensis YUAN AND ZHAO, in
Yuan, Zhao, Li and Huang, 2002, p. 192–193, pl. 58, fig. 2;
pl. 59, fig. 7.
cf. Kaotaia (Eokaotaia) longa YUAN AND ZHAO, in Yuan,
Zhao, Li and Huang, 2002, p. 193, pl. 58, fig. 1.
Material.—One late meraspid or early holaspid cranidium
(WIHGF197.2) and two holaspid cranidia (WIHGF197.1,
WIHGF222).
Discussion.—A stratigraphically older species of Kaotaia,
Kaotaia gedongensis, was considered by Yuan and Zhao (1994)
and Yuan et al. (2002) to represent a separate taxon, Eokaotaia.
One additional species, Eokaotaia longa, was assigned to this
genus, but the ‘‘longer dorsal shell’’ of that species evidently
resulted from sagittal elongation during deformation, and so we
consider it a synonym of K. gedongensis. According to Yuan
and Zhao (1994, p. 287, 292), Eokaotaia can be differentiated
from Kaotaia by its ‘‘relatively shorter and broader glabella,
more distinct lateral glabellar furrows, less developed preglabellar boss, relatively longer palpebral lobe, 15 thoracic
segments, and comparatively larger pygidium’’. Judging from
the illustrations (Yuan and Zhao, 1994, pl. 1, figs. 7–10; Yuan et
al., 2002, pl. 58, figs. 1, 2) of the exoskeletons of K. gedongensis
and K. longa, we consider such differences of proportion to have
specific or even intraspecific significance with the possible
exception of the number of thoracic segments because Kaotaia
s.s. has a thorax with 14 segments. Given the morphological
similarity and succession in stratigraphical occurrence, and the
fact that intracollectional variation in thoracic segment number
is known in a number of Cambrian trilobites (Hughes et al.,
1999), the difference in holaspid thoracic segment number
between early and later Kaotaia can be regarded as, at most,
intrageneric variation.
The present cranidia occur lower in the Spiti section than
Kaotaia prachina and differ in having a relatively shorter
preglabellar field with a less inflated boss, a relatively broader
glabella with distinct lateral glabellar furrows, and a more
prominent eye ridge. In these respects, they are closely similar
to Kaotaia gedongensis. The notable difference observed on the
cranidia from Spiti is the more firm incision of the lateral
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FIGURE 39—Paramecephalus defossus (Reed, 1910) from limestones
collected at 765.14 m (PO21 collection) and 828.72 m (PO30 collection)
above base of the Parahio Valley section on the north side of the Parahio
River, Parahio Formation, Spiti region. Specimens darkened with India
ink and coated with magnesium oxide prior to photography. All cranidia,
all PO21, except 7. 1, 2, WIHGF954.6, 311.5: 1, dorsal view; 2, right
lateral view; 3, WIHGF578.3, 39.25; 4, WIHGF578.4, 34.5; 5,
WIHGF578.1, 33.75; 6, WIHGF957.2, 35; 7, WIHGF672, PO30,
36.25; 8, WIHGF954.3, 38.

glabellar furrows than that evident in all figured specimens of
K. gedongensis. However, this may be because the Spiti
specimens are preserved in limestone whereas the Chinese
specimens are preserved in shale. Until better material is
available for the Chinese species, we leave the Spiti specimens
in open nomenclature.
Occurrence.—From limestone collected at 78.07 m above
base of the Parahio Valley section (PO3 collection) on north
side of Parahio River, Spiti region, Parahio Formation,
Haydenaspis parvatya Zone, informal global Stage 4 of the
Cambrian (late Duyunian Stage as used in South China).

FIGURE 40—Probowmania bhatti n. sp. from limestone collected at
78.07 m above base of the Parahio Valley section (PO3 collection) on
north side of Parahio River, Spiti region, Parahio Formation. Specimens
darkened with India ink and coated with magnesium oxide prior to
photography. All holaspid, all cranidia, except 8. 1, WIHGF117.1, 39.25;
2, WIHGF255, 35.25; 3, WIHGF185, 37.5; 4, 5, holotype, WIHGF108A
and 108B: 4, latex cast of counterpart, WIHGF108B, 34.5; 5,
WIHGF108A, 34.5; 6, latex cast of counterpart, WIHGF188B, 34.5; 7,
latex of counterpart, WIHGF198B, 34.5; 8, pygidium, WIGHF150, 311.

Genus KUNMINGASPIS Chang, 1964
Type species.—Kunmingaspis yunnanensis Chang, 1964,
from the Doupossu Formation, Kunming, Yunnan; by
original designation.
KUNMINGASPIS STRACHEYI (Reed, 1910)
Figure 35
Ptychoparia stracheyi REED, 1910, p. 21, pl. 2, figs. 8–13.
Kunmingaspis stracheyi (Reed); JELL AND HUGHES, 1997 (in
part), p. 41–44, pl. 8, figs. 1, 2 4–11; pl. 9, figs. 1–3, 5–9; pl.
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10. figs. 1–13; not pl. 8, figs. 3, 12; not pl. 9, fig. 4; not pl. 11,
figs. 6–8 (see for synonymy by 1997 but Ptychoparia
urceolata REED, 1910 and Ptychoparia (Liostracus) civica
REED, 1910 should be excluded).
Ptychoparia consocialis REED, 1910; KUMAR, 1998, p. 673, pl.
1, figs. 1, 2.
Ptychoparia pervulgata REED, 1910; KUMAR, 1998, p. 673, pl.
1, figs. 5, 10.
Ptychoparia sp.; KUMAR, 1998, p. 673, pl. 1, fig. 12.
Lyriaspis spitiensis (REED, 1910); KUMAR, 1998, p. 674, pl. 1,
figs. 11, 13.
? Lyriaspis sp.; KUMAR, 1998, p. 674, pl. 1, fig. 15; pl. 2, fig.
10.
Lectotype.—An external mold of dorsal exoskeleton,
GSI9798 (Reed, 1910, pl. 2, fig. 8; Jell and Hughes, 1997, pl.
8, fig. 4); selected by Jell and Hughes (1997).
New material.—Exoskeleton (WIHGF902), cranidia (WIHGF
303, WIHGF316, WIHGF584.3, WIHGF692.1, WIHGF695.1,
WIHGF906.2, WIHGF919, WIHGF924.2, WIHGF1032)
librigena (WIHGF906.1, WIHGF917.2), portion of articulated thorax (WIHGF907) and two pygidia (WIHGF704,
WIHGF916.1) in external and internal molds.
Discussion.—This species was transferred to his genus
Lyriaspis by Whitehouse (1939), but Jell and Hughes (1997)
reassigned it to Kunmingaspis based on a restudy of Reed’s
(1910) type material of Ptychoparia stracheyi from Spiti. The
latter reassignment is followed here. Jell and Hughes (1997)
placed Ptychoparia spitiensis Reed, 1910, Ptychoparia urceolata
Reed, 1910, Ptychoparia admissa Reed, 1910, Agraulos? simulans
Reed, 1910 and Ptychoparia (Liostracus) civica Reed, 1910 into
synonymy. Except for P. urceolata and P. (L.) civica we
maintain this placement. Ptychoparia urceolata is here transferred to Monanocephalus and P. (L.) civica to Mufushania.
Despite the pervasive influence of tectonic deformation on
these specimens (Jell and Hughes, 1997, p. 42–44), which
evidently accounts for much of the morphological variation
evident among K. stracheyi (Reed, 1910) sensu Jell and
Hughes 1997, a portion of the variation probably had a
biological origin. One difference that is potentially original is
that between forms with a relatively large glabella and short
(sag.) border (e.g. Jell and Hughes, 1997, pl. 10, figs. 4, 5, 7, 9),
and those with smaller, conical glabella and a longer border
(e.g. Jell and Hughes, 1997, pl. 8, figs. 4, 5, pl. 9, figs. 5–9).
While the former are similar to other Kunmingaspis (see Chang
1964), the latter, which include the lectotype of K. stracheyi
(Reed, 1910), could belong to a different ptychopariid genus.
Resolving these problems requires the discovery of topotype
material well preserved in limestone.
Our new material from the type section of P. stracheyi in the
Parahio Valley is from a number of horizons, most of which
are shales. Even the specimens preserved in muddy limestones
are tectonically deformed internal molds but all are evidently
within the range of variation of those specimens reassigned by
Jell and Hughes to P. stracheyi, especially those from
Hayden’s Horizon 9 (see Jell and Hughes, 1997, pl. 10, figs.
1, 3, 4, 7, 8, 10).
Occurrence.—From muddy limestone collected at 765.14 m
(PO21 collection) and shale at 836.41 m above base of Parahio
Valley section (PO26 collection) on north side of Parahio
River, Parahio Formation, Spiti region, Himachal Pradesh,
India. Also from south side of Parahio River on slopes above
the east bank of the Sumna River, estimated to be equivalent
to the 1050 m level in the section on the north side (PO10
collection); Parahio Formation, Paramecephalus defossus
Zone through Iranoleesia butes Level, informal global Stage
5 of the Cambrian System.
Genus MONANOCEPHALUS Lin and Wu in Zhang et al., 1980b
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Monanocephalus LIN AND WU in Zhang, Lin, Wu and Yuan,
1980b, p. 86–87, 94; ZHANG AND WANG, 1985, p. 487; YUAN,
LI, AND ZHAO, 2008, p. 195.
Type species.—Monanocephalus zhongtiaoshanensis Lin and
Wu in Zhang et al., 1980b, from the Hsuchuang Formation,
Ruicheng, Shanxi; by original designation.
Other species.—Ptychoparia maopoensis Reed, 1910 (p. 28,
pl. 2, figs. 8–13) from the Parahio Formation (Hayden’s
Horizon 9); Monanocephalus liquani from the Hsuchuang
Formation, Huainan, northern Anhui (described herein); and
tentatively Ptychoparia urceolata Reed, 1910 (p. 23, pl. 2, figs.
14–15, ?16) from the Parahio Formation (Hayden’s Horizon
6), Parahio, Spiti.
Emended Diagnosis.—Glabella truncate-conical, evenly convex or weakly keeled, with 3–4 pairs of weakly incised lateral
furrows; occipital ring with axial spine. Anterior border and
border furrow subtransverse; preglabellar field long to notably
long. Eye ridge transverse to slightly oblique rearward; small
palpebral lobe located anterior of glabellar midpoint, palpebral lobe midpoint opposite S2 or L3. Anterior branch of
facial suture subparallel; posterior branch transverse postocularly enclosing a wide, paddle-shaped posterolateral
projection. Thorax of 13 segments, as shown by Jell and
Hughes (1997).
Discussion.—This genus was erected on the basis of the
monotypic type species represented by a single cranidium. The
new material from Anhui, China, and the reassignment of
Monanocephalus from Hayden’s collection to the genus,
enable us to clarify the generic conception and provide an
emended diagnosis. Some of the Indian material was
previously assigned to Ptychoparia by Reed (1910) and to
Xingrenaspis by Jell and Hughes (1997). As diagnosed herein,
the genus is characterized by the transverse nature of the
anterior cranidial border, anterior border furrow and eye
ridges, and by the initially subparallel course of the anterior
branch of the facial suture, and the initially transverse
posterior branch. These features distinguish Monanocephalus
from either Ptychoparia or Kunmingaspis.
Laoyinshania Yuan and Li, (1999, p. 415) closely resembles
Monanocephalus but differs in its relatively large and more
posteriorly located palpebral lobe, its well incised lateral
glabellar furrows, and probably also by the course of the
posterior branch of the facial suture, which is consistently
rearward directed rather than transverse.
Ptychoparia urceolata Reed (1910, p. 23, pl. 2, figs. 14–15,
?16) is revived and referred tentatively to Monanocephalus
urceolatus based on its general morphology with a moderately
wide preglabellar field, relatively transverse cranidial border,
subparallel anterior branch of the facial suture, and nearly
transverse posterior branch. An incomplete cranidium,
GSI9795, (Reed, 1910, pl. 2, fig. 15; Jell and Hughes, 1997,
pl. 8, fig. 3) is selected herein as lectotype of Monanocephalus
urceolata.
Occurrence.—China (Shanxi, Anhui) and India (Spiti);
informal global Age 5 of Cambrian.
MONANOCEPHALUS MAOPOENSIS (Reed, 1910)
Figure 36
Ptychoparia maopoensis REED, 1910, p. 28–29, pl. 2, figs. 8–13;
KOBAYASHI, 1967, p. 486.
Xingrenaspis maopoensis (Reed); JELL AND HUGHES, 1997,
p. 44–45, pl. 11, figs. 9–13.
Lectotype.—Dorsal exoskeleton, GSI9833 (Reed, 1910, pl.
3, fig. 20; Jell and Hughes, 1997, pl. 11, fig. 9) (Plastoype:
CMCP1812); selected by Jell and Hughes (1997).
New Material.—Six cranidia (WIHGF687.3, WIHGF700,
WIHGF902.1, WIHGF912.2, WIHGF963, WIHGF1005) and
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FIGURE 41—Probowmaniella? sp. indet. from shales collected at 501.72 m (PI15 collection), 502.04 m (PI16 collection), 504.04 m (PI21 collection),
and 510.04 m (PI17 collection) above base of Purni Valley section 3, Parahio Formation, on the east side of Tsarap River, south of Phuktal Gompa,
Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All holaspid cranidia. 1, WIHGF169.2,
PI15, 37.75; 2, WIHGF164.3, PI15, 37.5; 3, WIHGF421A.1, PI17, 35.75; 4, WIHGF614, PI15, 313; 5, WIHGF593.2, PI15, 34.25; 6, WIHGF624,
PI16, 35.75; 7, WIHGF1040, PI15, 39; 8, WIHGF871, PI21, 38.5.

one external mold of a fragmentary exoskeleton
(WIHGF908).
Description.—See Reed (1910, p. 28–29) and Jell and
Hughes (1997, p. 46).
Discussion.—Jell and Hughes (1997) transferred this species
to Xingrenaspis. However, the relatively transverse anterior
cranidial border and border furrow, the transverse eye ridge,
the notable long preglabellar field and the strongly divergent
posterior branch of the facial suture, which encloses a wide
(tr.) paddle-shaped posterolateral border, prohibit assignment
of the species to Xingrenaspis but are consistent with
Monanocephalus. Also, no known species of Xingrenaspis bear
occipital spines.
The new specimens from the type section are preserved in
shale and deformed, but they are assignable to Monanocepha-

lus maopoensis because they are consistent with the type
material collected by Hayden. This species differs from the
type species Monanocephalus zhongtiaoshanensis Lin and Wu
(in Zhang et al., 1980b, pl. 87, pl. 11, fig. 14) in having a
relatively longer preglabellar field, a wider (tr.) palpebral area,
and probably also a more deeply defined axial furrow. The
type species has four pair of lateral glabellar furrows, but only
three are evident in the Indian specimens.
Occurrence.—From shale at 836.41 m (PO26 collection) on
the north side of the Parahio River, Spiti region, Parahio
Formation, Oryctocephalus salteri Zone, informal global Stage
5 of the Cambrian System.
MONANOCEPHALUS LIQUANI new species
Figure 37
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FIGURE 42—Xingrenaspis hoboi (Resser and Endo in Endo and Resser,
1937) from shale collected from float at the Parahio River section
probably from 836.41 m level (PO26 collection) on north side of Parahio
River, Parahio Formation, Spiti region. Specimens darkened with India
ink and coated with magnesium oxide prior to photography. 1, right
librigena, WIHGF1031.7, 38.5; 2, cranidium, WIHGF1031.6, 37.75; 3 ,4,
cranidium, WIHGF1031.2: 3, detail of ornament in area showing in white
box in 4; 4, cranidium, 35.5; 5, WIHGF1031.1, 35.
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anocephalus zhongtiaoshanensis, the type species of Monanocephalus, the holotype of which is deposited at the Nanjing
Institute of Geology and Palaeontology, reveals the two
species as congeneric. Li’s (2006) material is named as
Monanocephalus liquani and is used for further clarifying the
generic concept of Monanocephalus, and for supporting the
reassignment of the Himalayan specimens as described above.
M. liquani is closely similar to M. zhongtiaoshanensis but
differs from the latter in having a cranidium that is wider in
outline, a shorter and more convex anterior cranidial border
that is trapezoidal rather than crescentic in shape, a
proportionally shorter, less tapered glabella, which is almost
as long as wide at SO, rather than notably longer than wide
(excluding occipital ring), and a transverse rather than slightly
oblique eye ridge. Monanocephalus maopoensis is also comparable, but the generic type has a wider (tr.) palpebral area, a
relatively longer and more tapered glabella, and a longer
preglabellar field. In contrast to the straight condition in M.
zhongtiaoshanensis, the anterior branch of the facial suture in
M. maopoensis forms a curved line.
Occurrence.—In collections of LYS-8b, LYS-8c, in the
section measured at Laoyingshan, Huainan, northern Anhui;
the Hsuchuang Formation; informal global Stage 5 of the
Cambrian System.
Genus MUFUSHANIA Lin, 1965

Etymology.—In honor of Mr. Li Quan, who collected and
made the preliminary study of the species (Li, 2006).
Types.—A nearly complete cranidium (NIGP147955) is the
holotype (Fig. 37.7). Eight cranidia are figured as paratypes
(NIGP147949, NIGP147950, NIGP147951, NIGP147952,
NIGP147953, NIGP147954, NIGP147956, NIGP147957).
Diagnosis.—A species of Monanocephalus with a gently
tapered glabella bearing obscure lateral furrows; palpebral
area narrower than frontal lobe of glabella; anterior branch of
facial suture crossing anterior border to form a trapezoid
anterior cranidial border; preglabellar field one-third to a half
of glabellar length (excluding occipital ring).
Description.—Cranidium trapezoidal, twice as wide as long.
Glabella short, subrectangular, length (excluding occipital
ring) equaling basal width at SO; gently convex, slightly
tapering forward, truncate or evenly rounded anteriorly,
occupying 0.65–0.75 of cranidial length (excluding occipital
spine); occipital furrow shallow, transverse or slightly curved
rearward; occipital ring crescentic, bearing stout axial spine
extending rearward and upward; anterior border short, gently
convex, transverse; anterior border furrow well defined,
transverse; preglabellar field 0.3–0.5 pre-occipital glabellar
length, almost as long as preocular field; eye ridge transverse,
faint or weakly defined on both of external surface and internal
mold, with inner end opposite anterior end of glabella;
palpebral lobe small, crescentic, lying anterior to the midpoint
of the glabella (excluding occipital ring). Anterior branch of
facial suture running subparallel to sagittal axis from the
anterior end of palpebral lobe to anterior border furrow,
turning sharply inward and forward, crossing anterior border
at an angle of 70 degrees to sagittal line, meeting anterior
margin at a point opposite anterolateral corner of glabella to
enclose a trapezium-shaped anterior border; posterior branch
running directly outward from the posterior end of palpebral
lobe to enclosing a paddle-like posterolateral projection;
posterior border furrow long (exsag.); posterior border
strongly convex, transverse abaxially, forward in directed
outer half.
Discussion.—The Chinese species from Anhui, China was
first described as the type species of a new genus by Li Quan in
an unpublished thesis, but a direct comparison with Mon-

Probowmania (Mufushania) LIN, 1965, p. 554; ZHOU, LI AND
QU, 1982, p. 236; SUN, 1982, p. 304; YUAN ET AL., 1997,
p. 510; YUAN, ZHAO, LI AND HUANG, 2002, p. 155–156;
LIN, 2008, p. 45.
Mufushania LIN, 1965; YIN AND LI, 1978, p. 455; ZHANG ET
AL., 1980a, p. 339–340; QIU ET AL., 1983, p. 68; ZHANG AND
WANG, 1985, p. 352; ZHU, LIN AND ZHANG, 1988, p. 57;
YANG ET AL., 1991, p. 136; 1993, p. 176; LUO, JIANG AND
TANG, 1994, p. 144; PENG, LIN, VAN ITEN AND ZHU, 2001,
p. 237–238.
Xiaofengshania QIU, 1980, p. 57; LIN, 2008, p. 50.
Type species.—Probowmania (Mufushania) nankingensis
Lin, 1965, from the Paotaishan Formation, Mufushan,
Nanjing, Jiangsu, by original designation.
Discussion.—Lin (1965) originally assigned this genus as a
subgenus of Probowmania, but Zhang et al. (1980a) gave full
generic status to Mufushania.. Peng et al. (2001c) studied the
type material of Mufushania nankingensis, the type species,
and confirmed this opinion based on the flat and gently
upturned anterior cranidial border, the flat preglabellar field,
the large palpebral lobe, the longer conical glabella, and the
gently divergent anterior branch of the facial suture. The
concept of Zhang et al. (1980a) and Peng et al.’s (2001c) is
followed here, although Yuan et al. (2002) recently proposed
subgeneric status for Mufushania.
Occurrence.—China (Anhui, Guangxi, Guizhou, Jiangsu,
Shanxi Yunnan) and India (Spiti).
MUFUSHANIA NANKINGENSIS Lin, 1965?
FIGURE 38
? Probowmania (Mufushania) nankingensis LIN, 1965, p. 554–
555, pl. 1, figs. 6–11.
? Mufushania nankingensis LIN, 1965; PENG, LIN, VAN ITEN
AND ZHU, 2001, p. 238, pl. 1, figs. 1–7; pl. 2, figs. 1–3, 5–10
(see for full synonymy).
Material.—Two
incomplete
cranidia
(WIHGF105,
WIHGF178B).
Discussion.—These two specimens are characterized by an
equally long and flat anterior cranidial border and preglabellar
field, clearly defined lateral glabellar furrows with bifurcate S1,
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a large, moderately wide palpebral area, a strongly oblique eye
ridge, a slightly curved palpebral lobe, posteriorly placed with
midpoint opposite L2, and gently divergent anterior branches
of the facial suture. They are similar in most respects to
Mufushania nankingensis (Lin, 1965, pl. 1, figs. 6–11) and are
tentatively assigned to that species.
Occurrence.—From limestone collected at 78.07 m above
base of the Parahio Valley section (PO3 collection) on the north
side of the Parahio River, Spiti region, Parahio Formation,
Haydenaspis parvatya Zone, informal global Stage 4 of the
Cambrian (late Duyunian Stage as used in South China).
Genus PARAMECEPHALUS Zhou and Yin in Zhang, Lu, Zhu,
Qian, Lin, Zhou, Zhang, and Yuan, 1980a
Type species.—Amecephalus sinicus Zhou in Lu et al., 1974a,
from the upper part of the Gaotai Formation, Yankong,
Jinsha, Guizhou, China, by original designation.
PARAMECEPHALUS DEFOSSUS (Reed, 1910)
Figure 39
Ptychoparia defossa REED, 1910, p. 25, pl. 3, figs. 26–28; pl. 4,
fig. 1.
? Ptychoparia (Conocephalites) hesterna REED, 1910, p. 32, pl.
4, fig. 6.
? Parahiolites hesterna (Reed); KOBAYASHI, 1967, p. 486.
Amecephalus defossa (Reed); KOBAYASHI, 1967, p. 487.
Paramecephalus defossus (Reed); JELL AND HUGHES, 1997 (in
part), p. 48–50, pl. 12, figs. 1, 2, 4–9, 12; not figs. 4, 10, 11.
? cf. Paramecephalus defossus (Reed); JELL AND HUGHES,
1997, (in part), p. 50, pl. 12, fig. 3.
New material.—Seven cranidia (WIHGF578.1, WIHGF
578.3, WIHGF578.4, WIHGF672, WIHGF954.3, WIHGF
954.6, WIHGF957.2).
Discussion.—During restudy of the original collection from
Hayden’s Horizon 6 in the section in Parahio Valley, Jell and
Hughes (1997) transferred this species to Paramecephalus. The
new material from the same section conforms in available
details with the type material, and certainly belongs to the
species. Jell and Hughes (1997, pl. 12, figs. 2, 4, 7, 10–12)
assigned additional specimens including a pygidium and
several cranidia to the species, but some of these cranidia
are here not regarded conspecific. Those have a shorter
preglabellar field lacking caecae, weak glabellar lateral
furrows, and low eye ridges. Two cranidia in the new material
show the complete course of the posterior suture and an entire
posterolateral projection, not previously known. These suggest
a triangular posterior lateral projection and a deeply incised
posterior border furrow. The pygidium figured by Jell and
Hughes (1997, pl. 12, fig. 11) is quite different from those
figured by Zhang et al. (1980a, pls 117, 118) and we consider it
to belong to a different taxon. The new specimens, preserved
in limestone, show that the preglabellar field slopes downward
quite steeply into a broad, shallow border furrow (Fig. 39.1,
39.2). The wide anterior cranidia area of specimens preserved
in shale is evidently the result of compactional flattening of the
preglabellar field.
Occurrence.—From limestones collected at 765.14 m (PO21
collection), 765.28 m (PO22), and 828.72 m (PO30 collection)
above base of the Parahio Valley section on the north side of
Parahio River, Spiti region; Parahio Formation, Paramecephalus defossus Zone, informal global Stage 5 of the Cambrian
System.
Genus PROBOWMANIA Kobayashi, 1935
Probowmania KOBAYASHI, 1935, p. 250; HOWELL in Harrington et al., 1959, p. 247; LU, CHU AND CHIEN, 1963, p. 70;

CHANG, 1964, p. 30–31; LU ET AL., 1965, p. 130; ZHOU, LIU,
MONG AND SUN, 1977, p. 138; ERGALIEV AND POKROVSKAYA, 1977, p. 80–81; YIN AND LI, 1978, p. 454–455; NAN,
1980, p. 487; ZHOU, LI AND QU, 1982, p. 236; QIU ET AL.,
1983, p. 66–67; ZHANG AND WANG, 1985, p. 342; ZHANG
AND JELL, 1987, p. 68–69; ZHU, 1992, p. 339; YUAN ET AL.,
1997, p. 509; YUAN, ZHAO, LI AND HUANG, 2002, p. 152–
153; LIN, 2008, p. 45.
Probowmania (Probowmania), YUAN ET AL., 1997, p. 509;
YUAN, ZHAO, LI AND HUANG, 2002, p. 153–154; LIN, 2008,
p. 69; YUAN, LI, AND ZHAO, 2008, p. 103.
Type species.—Ptychoparia ligea Walcott, 1905, probably
from lower Maochuang Formation or the upper Manto
Formation, Zhangxia, Shandong, China, by original designation.
Other species.—Manchuriella prisca Resser and Endo in
Endo and Resser, 1937 (p. 248–249, pl. 20, fig. 4) from the
Maochuang Formation, near Liaoyan, Liaoning, NE China;
Probowmania quadrata Yuan and Li, 1999 (p. 416, pl. 6, figs.
9, 12) from the middle part of the Laoyingshan Formation,
Huainan, Anhui, China; Probowmania divergens Yuan and Li,
1999 (p. 416, pl. 5, fig. 12; pl. 6, figs. 10, 11, 17) from the lower
part of the Laoyingshan Formation, Huainan, Anhui, China;
Probowmania? huainanensis Yuan and Li, 1999 (p. 416–417,
pl. 1, figs. 7, figs. 9, 12) from the lowermost of the
Laoyingshan Formation, Huainan, Anhui, China; Probowmania? similis Yuan and Li, 1999 (p. 417, pl. 5, figs. 20, 21)
from the lower part of the Laoyingshan Formation, Huainan,
Anhui, China; and Probowmania bhatti n. sp.
Discussion.—The generic concept revised by Zhang and Jell
(1987) is followed here. Yuan et al. (2002) lowered Probowmania Kobayashi, 1935 to subgeneric rank and attributed ten
species to the subgenus, of which four species are returned or
transferred to Mufushania Lin, 1965. These include Probowmania dengfenensis Mong in Zhou et al., 1977, Mufushania
xundianensis Zhang and Zhou in Zhang et al., 1980a,
Mufushania shalangensis Zhang and Zhou in Zhang et al.,
1980a, and Probowmania (Probowmania) balangensis Yuan
and Zhao in Yuan et al., 1997.
Yuan et al. (2002, p. 154) excluded ten other species
previously referred to Probowmania from the genus: Probowmania? convexa Chien in Yin and Li, 1978 is regarded as
referable to Tongshania Qiu in Qiu et al., 1983 (which is
also regarded as a junior synonym of either Xingrenaspis
or Weijiaspis by Yuan et al., 2002, p. 185 and Guo and
Zan, 1991, p. 8, respectively); Probowmania subeiensis Qiu
in Qiu et al., 1983 belongs more likely to Xingrenaspsis
Chang et al., 1980a; Probowmania subquadrata Zhang
and Wang, 1985 is referable to Shantungaspis Chang,
1957; Probowmania carinata Zhang and Wang belongs to
Yiaojiyuella Zhang and Yuan in Zhang et al., 1980b;
Probowmania minuta Zhang and Wang, 1985 is probably a
junior synonym of Jianchangia nanshanensis Guo and An,
1982; Probowmania depressa Zhang and Wang, 1985 is a
possible junior synonym of Zhangtiaoshanaspis yangchengensis
Zhang and Wang, 1985; and the generic assignments for
Probowmania? iddingsi (Resser and Endo in Endo and Resser,
1937) and Probowmania jishanensis Zhang and Wang, 1985
remain uncertain. Of the last two species, we consider
Probowmania? iddingsi to be referable to Yuehsianszeella
Chang, 1957.
In addition, we consider that Probowmania asiatica Ergaliev
in Ergaliev and Pokrovskaya, 1977 and Probowmania karatauensis Ergaliev in Ergaliev and Pokrovskaya, 1977, both
from the lower Cambrian of the Malyi Karatau, Kazakhstan,
should be also excluded. They possibly belong to Kailiella Lu
and Chen in Lu et al., 1974a.

HIMALAYAN CAMBRIAN TRILOBITES
Occurrence.—China (Anhui, Liaoning, Shandong) and
India (Spiti); informal global Age 4 and 5 of the Cambrian
System.
PROBOWMANIA BHATTI new species
FIGURE 40
Etymology.—In honor of Dr. Devendra K. Bhatt for his
work on the Cambrian geology of India.
Types.—A cranidium represented by part and counterpart
(Fig. 40.4, 40.5) is holotype (WIHGF108A,B). Paratypes
include
five
cranidia
(WIHGF117.1,
WIHGF185,
WIHGF188B, WIHGF198B, WIHGF255) and one pygidium
(WIHGF150).
Description.—Cranidium subrectangular, slightly longer
than wide. Glabella subrectangular, gently convex, obtusely
rounded anteriorly, defined by deeply incised axial furrows,
moderately tapering forward; glabellar length (excluding
occipital ring) about the width at L1 and half as long as
cranidium; three pairs of weakly incised lateral glabellar
furrows: S1 inward and rearward directed, weakly bifurcated;
S2 transverse or slightly oblique rearward, lying at the level of
anterior two-fifths of glabellar length (excluding occipital
ring), S3 an obscure, isolated, interior depression; occipital
furrow shallow medially, deeper at sides, gently curved
rearward; occipital ring crescentic, bearing small median node
lying immediately in front of posterior margin of occipital
ring. Anterior border moderately long, gently convex, slightly
narrowed laterally; anterior border furrow firmly incised,
gently arched forward, shallowing slightly in preglabellar area;
preglabellar field gently convex, as long as anterior border; eye
ridge weakly expressed, gently curved, strongly oblique
rearward; palpebral lobe narrow, moderately long, subparallel
to sagittal line, with midpoint opposite L2 and posterior end
opposite the midpoint of L1, defined by shallow palpebral
furrow; palpebral area, gently sloping toward axial furrow,
two-thirds to three-fourths of glabellar width at L2. Anterior
branch of facial suture gently divergent forward into anterior
border furrow, gently curving inward after crossing anterior
border furrow to form a rounded obtusely-angled anterolateral corner of the cranidium; posterior branch divergent at an
angle of 120 degrees, enclosing a short and narrow subtriangular posterolateral projection; posterior border furrow
narrow and well defined; posterior border widening abaxially.
Pygidium subelliptical, lacking distinct border. Axis conical,
moderately convex, defined by deep axial furrow, extending almost
to posterior margin, with first three rings well defined, fourth and
fifth rings obscure and semicircular terminal piece. Pleural field
moderately convex, with outer part sloping downward; three or
four pleurae with broad pleural furrow, shallow interpleural
furrow; anterior and posterior bands subequally linear.
Discussion.—The new species is most closely comparable to
Ptychoparia ligea, the type species of Probowmania. The
holotype of that species (see Zhang and Jell,1987, pl. 25, fig. 1)
has a glabella that is almost identical in shape and proportion
to that of the new species, although its front is more rounded
than that of the new species, with a similar occipital ring with
a median node in the same position, lateral furrows that are
similarly placed although more distinctly defined, the palpebral area of the same slope and width, and a comparable
posterolateral projection. However, the type species is readily
distinguished from P. bhatti by its longer preglabellar field,
stout eye ridge, and more angled anterior branch of the facial
suture. An exoskeleton assigned to the type species (Zhang
and Jell, 1987, fig. 2) bears a pygidium with a relatively shorter
axis and wide pleural field.
Occurrence.—From limestone collected 78.07 m above base
of Parahio Valley section (PO3 collection) on north side of
Parahio River, Spiti region, Parahio Formation, Haydenaspis
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parvatya Zone, informal global Stage 4 of the Cambrian
System (late Duyunian Stage as used in South China).
Genus PROBOWMANIELLA Chang, 1963
Probowmaniella CHANG, 1963, p. 462, 477; LU ET AL., 1965,
p. 132; LUO, 1974, p. 628–629; YIN AND LI, 1978, p. 455–
456; ZHANG ET AL., 1980a, p. 341; 1980b, p. 49; NAN, 1980,
p. 487–488; NAN AND CHANG, 1982a, p. 11; NAN, 1980,
p. 487–488; QIU ET AL., 1983, p. 67; ZHANG AND WANG,
1985, p. 344; ZHANG AND JELL, 1987, p. 71; ZHANG,
XIANG, LIU AND MONG, 1995, p. 35; GUO AND ZAN,
1991, p. 8–9; GUO, ZAN AND LUO, 1996, p. 64; YUAN AND
LI, 1999, p. 408; YUAN, ZHAO, LI AND HUANG, 2002,
p. 160–161; DUAN ET AL., 2005, p. 106; YUAN, LI AND
ZHAO, 2008, p. 87.
Kaotaia (Langqia) YIN in Yin and Li, 1978, p. 467; YUAN, LI
AND ZHAO, 2008, p. 82; YUAN, LI, AND ZHAO, 2008, p. 103.
Proshantungaspis QIU AND LIN in Qiu et al., 1983, p. 74;
YUAN, LI AND ZHAO, 2008, p. 87.
Type species.—Probowmaniella jiawangensis Chang, 1963
from the Maochuang Formation, Jiawang, Jiangsu, China; by
original designation.
Other species.—Elrathia manchuriensis Resser and Endo in
Endo and Resser, 1937 (p. 218, pl. 20, fig. 6), from the
Maochuang Formation, near Shiqiaozi, Liaoning, China;
Probowmaniella renhuaiensis Zhou in Lu et al., 1974a
(p. 101, pl. 39, fig. 9) from the Kaotai Formation, Jinsha,
Guizhou, China; Probowmaniella sanhuangshanensis Zhang in
Zhang et al., 1980a (p. 342, pl. 114, fig. 9) from the Doupossu
Formation, Xundian, Yunnan, China; Eosoptychoparia curta
Nan and Chang, 1982b (p. 29–30, pl. 1, figs. 2–4) from the
Danshi Formation (equivalent of the Hsuachuang Formation), Fuxian, Liaoning, China; Proshantungaspis peculialis
Qiu in Qiu et al., 1983 (p. 74, pl. 24, figs. 3–5) from the
Maochuang Formation, Weiji, Tongshan, Jiangsu, China;
Probowmaniella spinifera Zhang and Wang, 1985 (p. 345, pl.
106, fig. 15) from the Maochuang Formation, Lingchuan,
Shanxi, China; Probowmaniella parallela Duan in Duan et al.,
2005 (p. 106–107, pl. 10, figs. 14–16) from the Maochuang
Formation, Funing, Hebei, Chin China.
Four species are here tentatively referred to the genus,
including P. constricta (Walcott, 1905), P. laevigata (Sun and
Chang in Chang, 1937), P. prista (Resser and Endo in Endo
and Resser, 1937), and P. lata Yuan in Zhang 1980a. The first
three species were transferred by Lu et al. (1965) to
Probowmaniella, but Zhang and Jell (1987) reassigned P.
constricta to Yuehsianszella Chang, 1957, and Yuan et al.
(2002) deemed P. laevigata and P. prista similar to Xingrenaspis elongata, but did not synonymize them. Yuan et al.
(2002) also considered P. lata to belong questionably to
Gunnia Gatehouse, 1968. Probowmaniella jixianensis Zhang in
Zhang et al., 1995 is herein transferred to Gunnia.
Discussion.—Chang (1963) erected the genus on the basis of
juvenile cranidia that differ morphologically from mature ones
in having a less tapered glabella, a relatively long palpebral
lobe, and a relatively stronger eye ridge. Zhang and Jell (1987)
and Yuan et al. (2002) revised the generic concept using
mature specimens found in eastern Guizhou and north China
subsequent to Zhang’s (1963) initial work. As revised,
Probowmaniella is characterized by its short, truncato-conical
glabella, preglabellar field that is twice the length of the
anterior cranidial border, relatively wide palpebral area, and
gently convex anterior cranidial border. Zhang and Jell (1987)
and Yuan et al. (2002) respectively placed Proshantungaspis
Qiu and Lin and Kaotaia (Langqia) Yin in synonymy with
Probowmaniella. We concur with these suggestions.
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FIGURE 43—Additional Xingrenaspis from the Parahio Valley. 1–14, Xingrenaspis shyamalae n. sp. from limestones collected from the south side of
the Parahio River on slopes just west of confluence of the Sumna River with the Parahio River (PO11, PO12, and PO13 collections), estimated to
correlate at about the 836 m level in the section on the north side of the Parahio River section, Parahio Formation, Spiti region. Specimens darkened
with India ink and coated with magnesium oxide prior to photography. 1–8, 10–11, cranidia: 1, WIHGF493, PO13, 315.75; 2, WIHGF384, PO12, 311;
3, retrodeformation of WIHGF355.1 with inferred strain ellipse, PO11, about 312; 4, WIHGF318.1, PO11, 39.5; 5, WIHGF324.2, PO11, 37.25; 6, 7,
WIHGF337, PO11, 36; 6, dorsal view; 7, anterior right lateral view; 8, WIHGF326, PO11, 37; 9, left librigena, WIHGF320, PO11, 35; 10, 11,
holotype, WIHGF318.1, PO11, 37.75: 10, dorsal view; 11, right anterior lateral view; 12–14, pygidia: 12, WIHGF328.1, PO11, 313; 13, 14,
WIHGF328.2, PO11, 311.25: 13, dorsal view; 14, left lateral view; 15–18, Xingrenaspis parthiva n. sp. from limestones collected from 433.44 m (PO15
collection) and 439.57 m above base of Parahio Valley section (PO18 collection) on north side of Parahio River, Parahio Formation, Spiti region.
Specimens darkened with India ink and coated with magnesium oxide prior to photography. All likely holaspid. 15–18, cranidia: 15, holotype,
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distinguished by its relatively longer glabella, narrower
interocular fixigena, and more posteriorly placed eye ridge
and palpebral lobe. Due to the taxonomic uncertainties
associated with the generic assignment, and the lack of a
pygidium, these Zanskari cranidia are left in open nomenclature.
Occurrence.—In siltstones and shales from 501.72 m (PI15
collection), 504.04 m (PI21 collection) and 510.04 m (PI17
collection) above the base of Purni Valley section 3, Parahio
Formation, on east side of Tsarap River, south of Phuktal
Gompa, Zanskar valley, Sudanomocarina sinindica Zone,
informal global Stage 5 of the Cambrian System (or middle
Taijiangian Stage as used in South China).
Genus XINGRENASPIS Yuan and Zhou in Zhang et al., 1980a
FIGURE 44—Ziboaspis hostilis (Reed, 1910) from shale collected from
float at the Parahio River section probably from 836.41 m level (PO26
collection) on north side of Parahio River, Spiti region. Parahio
Formation. 1–6, cranidia: 1, meraspid, WIHGF1031.3, 317; 2,
WIHGF1031.4, 38.5; 3, WIHGF1031.8, 36.25; 4, WIHGF1031.5, 3 9;
5, WIHGF1031.9, 3 13; 6, WIHGF1031.10, 3 14.5.

Occurrence.—China (Guizhou, Henan, Jiangsu, Liaoning,
Shanxi, Yunnan), India (Zanskar); informal global Stage 5 of
the Cambrian System.
PROBOWMANIELLA? sp. indet.
Figure 41
Material.—Eight cranidia (WIHGF169.2, WIHGF164.3,
WIHGF593.2, WIHGF421A.1, WIHGF614, WIHGF624,
WIHGF871, WIHGF1040).
Discussion.—The available specimens are not well preserved, and some are tectonically deformed. However,
preserved in siltstone, they retain near original relief. This
material is questionably assigned to Probowmaniella because it
resembles some species assigned to that genus in characters
and overall proportions. However, the subquadrate or
subovate outline and strong convexity of the glabella prevent
a confident assignment to this genus because mature cranidia
of the type species Probowmaniella jiawangensis are characterized by a truncate-conical glabella that has gentle relief. In
these respects and also in the proportional length of the
glabella and preglabellar field, the material recalls some
Furongian eulomiid genera such as Archaeuloma Li in Yin
and Li, 1978, Sanduaspis Chien, 1961, and Ketyna Rozova,
1963 (which we consider to be a valid genus, rather than a
junior synonym of Kujandaspis Ivshin, 1956 as suggested by
Lazarenko and Nikiforov, 1968). However, our material lacks
the preglabellar boss seen in Ketyna and Kujandaspis.
The Zanskari material is most comparable in glabellar
shape and proportional length to both Probowmaniella
renhuaiensis and Probowmaniella spinifera, but, as discussed
above, is differentiated by its stronger glabellar convexity. In
addition, both P. renhuaiensis and P. sanhuangshanensis have
relatively narrower palpebral areas and less divergent anterior
branches of the facial suture. The holotype cranidium of P.
spinifera (Zhang and Wang, 1985, pl. 106, fig. 15) is only
3.7 mm long and is probably an immature specimen. It differs
further in having a wider palpebral lobe and a stouter eye
ridge. Probowmaniella sanhuangshanensis is comparable but is

Xingrenaspis YUAN AND ZHOU in Zhang et al., 1980a, p. 329–
330, 436; SUN, 1982, p. 359; ZHANG AND JELL, 1987, p. 72;
YANG ET AL., 1991, p. 138; 1993, p. 179; KRUSE, 1998,
p. 22; YUAN, ZHAO AND GUO, 1999, p. 16, 27; 2002, p. 185–
186; YUAN, LI AND ZHAO, 2008, p. 90.
Paraziboaspis NAN AND CHANG, 1982a, p. 11–12; YUAN AND
LI, 1999, p. 418; LIN, 2008, p. 45.
Weijiaspis QIU in Qiu et al., 1983, p. 71; LU, ZHU AND ZHANG,
1988, p. 341; GUO AND ZAN, 1991, p. 8; GUO, ZAN AND
LUO, 1996, p. 62; DUAN ET AL., 2005, p. 110; LIN, 2008,
p. 49.
Tongshania QIU AND LIN in Qiu et al., 1983, p. 72; LIN, 2008,
p. 49.
Spitiella SHAH, PARCHA AND RAINA, 1991, p. 97–98.
Type species.—Xingrenaspis xingrenensis Yuan and Zhou in
Zhang et al., 1980a [5Elrathia hoboi Resser and Endo in Endo
and Resser, 1937], from the upper part of the Kaili Formation,
Xingreng, Kaili, Guizhou, China; by original designation.
Other species.—Ptychoparia dardapurensis Reed, 1934
(p. 22, pl. 1, fig. 1) from Nutunus Formation, Dardapur,
northwest Kashmir; Kaotaia lingyuanensis Duan, 1966 (p. 143,
pl. 1, figs. 1–3) from the Maochuang Formation, Lingyuan,
Hebei, China; Paraziboaspis porcata Nan and Chang, 1982
(p. 12, pl. 2, figs. 1–3) from the Shiqiao Formation, Fuxian,
southern Liaoning, China; Tongshania tongshanensis Qiu and
Lin in Qiu et al., 1983 (p. 73, pl. 23, figs. 5–7) [5Tongshania
weijiensis Qiu in Qiu et al., 1983, p. 73, pl. 23, fig. 8] from the
Maochuang Formation, Weiji, Tongshan, Jiangsu, China;
Tongshania houmengensis Qiu in Qiu et al., 1983 (p. 73–74, pl.
25, fig. 9) from the Maochuang Formation, Zaozhuang,
Shandong, China; Tongshania zhaishanensis Qiu in Qiu et al.,
1983 (p. 74, pl. 27, fig. 1) from the Maochuang Formation,
Dananzhuang, Tongshan, Jiangsu, China; Weijiaspis maozhuangensis Lu et al., 1988 (p. 341, pl. 11, fig. 9) and Weijiaspis?
sp. (Lu et al., 1988, p. 342, pl. 11, fig. 10) from the Maochuang
Formation, Zhangxia, Changqing, Shandong, China; Gunnia
cf. concave (Deiss) (Kruse, 1990, p. 18–19, pl. 6, text-fig. 11)
and Tongshania cf. tongshanensis Qiu and Lin (Kruse, 1990,
p. 21–22, pl. 7, text-fig. 12) from the Daly Basin, Northern
Territory, Australia; Weijiaspis muopanshanensis Zan in Guo
et al., 1996 (p. 63–64, pl. 18, figs. 7–10) from the Maochuang
Formation, Fuxian, Liaoning; Weijiaspis reflexa Qiu in Qiu et
al., 1983 (p. 71, pl. 23, fig. 12; pl. 24, fig. 10) [5Weijiaspis
elongata Qiu in Qiu et al., 1983; 5Weijiaspis? wushanensis Qiu
in Qiu et al., 1983] from the Maochuang Formation, Weiji,
Tongshan, Jiangsu, China, and two new species described here

r
WIHGF435A, PO18, 36.5; 16, WIHGF432, PO17, 311.5; 17, 18, WIHGF443A.3, PO18, 311.25; 17, retrodeformation with inferred strain ellipse; 18,
dorsal view; 19, 20, pygidia: 19, WIHGF403.2, PO15, 39.5; 20, WIHGF443B.2, PO18, 35.75.
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FIGURE 45—Ziboaspis hostilis (Reed, 1910) from limestones collected at 835.66 m (PO32 collection) and 836.36 m (PO31 collection) above the base of
the Parahio Valley section on the north side of Parahio River, Spiti region, Parahio Formation. Also from south side of Parahio River on slopes just west
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FIGURE 46—Poriagraulos sp. from limestone on south side of Parahio
River on slopes just west of confluence of the Sumna River with Parahio
River (PO14 collection), estimated to be at about the 835 m level in the
section on the north side; 1, WIHGF1028, PO14, 36.5.

as Xingrengaspis shyamalae n. sp. and Xingrengaspis parthiva
n. sp.
As synonymized by Zhang and Jell (1987), in addition to X.
xingrenensis the following 13 species from the Kaili Formation, Xingren, Kaili, Guizhou, China are also synonyms of E.
hoboi, which is the type species by synonymy. They are
Eosoptychoparia intermedia Yuan in Zhang et al., 1980a;
Eosoptychoparia guizhouensis Yuan in Zhang et al., 1980a;
Eosoptychoparia conica Yuan in Zhang et al., 1980a;
Onchocephalus? sanwanensis Yuan in Zhang et al., 1980a;
Wuxunaspis deltoidea Yuan in Zhang et al., 1980a; Wuxunaspis? deflecta Yuan in Zhang et al., 1980a; Wuxunaspis?
guizhouensis Yuan in Zhang et al., 1980a; Ptychoparia? nitita
Yuan in Zhang et al., 1980a; Xingrenaspis rectangularis Yuan
in Zhang et al., 1980a; Xingrenaspis quadratus Yuan in Zhang
et al., 1980a; Xingrenaspis elongatus Yuan in Zhang et al.,
1980a; Elrathiella kailiensis Yuan in Zhang et al., 1980a;
Elrathiella? bella Yuan in Zhang et al., 1980a.
Discussion.—Zhang and Jell (1987, p. 72) transferred
Elrathia hoboi Resser and Endo, 1937 to Xingrenaspis and
placed Xingrenaspis xingrenensis, the type species of Xingrenaspis, and Pachyaspis (Danzhaina) lilia Yuan in Zhang et al.,
1980a, the type species of Danzhaina, in synonymy with
Xingrenaspis hoboi (Resser and Endo, 1937). This resulted in
E. hoboi becoming the type species of Xingrengaspis and
Danzhaina’s status as a junior synonym of Xingrenaspis. Yuan
et al. (2002) disagreed with Zhang and Jell and considered E.
hoboi to be neither conspecific with X. xingrenensis nor to
belong to Xingrenaspsis. Instead they assigned E. hoboi to
Douposiella. These suggestions are here rejected. We consider
that the features used by Yuan et al. (2002) to distinguish E.
hoboi from X. xingrenensis, namely a slightly wider and deeper
anterior border furrow, wider pleural region, the presence of
12 rather than 13 thoracic segments, a slightly longer pygidial
axis, and a narrower and more convex pygidial border are not
all clearly evident in their figures and are of species-level status
at most. Yuan et al. (2002) also regarded Pachyaspis (Dan-
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zhaina) lilia as a separate species from X. hoboi, with which we
agree, and thus Danzhaina remains valid. We support Jell and
Hughes (1997) and Yuan et al. (2002) in suppressing
respectively Spitiella Shah et al., 1991 by synonymizing its
type species and Paraziboaspis Nan and Chang, 1982a, as
junior synonyms of Xingrenaspis because of the particular
similarities in morphology among those genera. Furthermore,
we agree with Yuan et al. (2002) in the synonymy of
Tongshania Qiu in Qiu et al., 1983 with Xingrenaspis.
Tongshania Qiu and Lin and Weijiaspis Qiu were erected in
Qiu et al. (1983). Qiu and Lin differentiated the former by
minor morphological differences such as the relatively distinct
border furrows, the more upturned anterior cranidial border
furrow and granulation on the surface of Tongshania. They
also considered Weijiaspis to bear glabellar bacculae. Guo and
Zan (1991) correctly pointed out that bacculae are absent in
Weijiaspis and thus regarded the genera as synonyms. We
concur with Guo and Zan (1991) in placing Tongshania in
synonymy with Weijiaspis. As Tongshania is regarded as a
synonym of Xingrenaspis, we here also advocate the synonymy
of Weijiaspis Qiu et al., 1983 with Xingrenaspis.
Yuan et al. (2002, p. 186) doubted Jell and Hughes’s (1997,
p. 66) determination of Xingrenaspis dardapurensis (Reed,
1934), and considered that this species is probably referable to
Ehmaniella Resser, 1937. Although the type material of E.
quadrans (Hall and Whitfield, 1877), the type species of
Ehmaniella, as noted and figured by Palmer (1954, p. 75, pl.
17, figs. 1–3), is poorly preserved and distorted, the Laurentian
genus differs in that the holotype cranidium of E. quadrans has
a relatively smaller palpebral lobe, a more rounded anterior
end of the glabella, a stronger eye ridge and a subelliptical
rather than transverse pygidium. Until more know about X.
dardapurensis, we prefer to retain it in Xingrenaspis.
Occurrence.—Australia (North Territory); China (Guizhou,
Henan, Hubei, Jiangsu, Liaoning); India (Spiti); informal
Global Stage 5 of the Cambrian System.
XINGRENASPIS HOBOI (Resser and Endo in Endo and Resser,
1937)
Figure 42
Elrathia hoboi RESSER AND ENDO in Endo and Resser, 1937,
p. 220, pl. 33, figs. 5–8.
Xingrenaspis hoboi (Resser and Endo); ZHANG AND JELL,
1987, p. 72–73, pl. 63, figs. 4–6 (see for full synonymy with
exclusion of Pachyaspis (Danzhaina) lilia YUAN in Zhang et
al., 1980a)
Xingrenaspis xingrenensis YUAN AND ZHOU in Zhang et al.,
1980a; YUAN, ZHAO, LI AND HUANG, 2002, p. 186, pl. 45,
fig. 10, pl. 46, figs. 5–7, pl. 47, fig. 6, pl. 48, figs. 1–10, pl. 49,
figs. 2–7.
New material.—Cranidia include three holaspids
(WIHGF1031.1, WIHGF1031.2, WIHGF1031.6) and one
free cheek WIHGF1031.7), all on one slab.
Discussion.—Zhang and Jell (1987) placed 16 species
described by Yuan (in Zhang et al., 1980a) in synonymy with

r
of confluence of the Sumna River with the Parahio River (PO11 and PO12 collections), estimated to be at about the 835 m level in the section on the
north side. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All cranidia except 22, 23. 1, WIHGF999, PO31,
311; 2, WIHGF982, PO31, 313; 3, WIHGF702.1, PO31, 39; 4, WIHGF670, PO31, 38; 5, WIHGF986A.1, PO31, 37.5; 6, WIHGF351, PO11, 39; 7–
9, WIHGF990, PO31, 37.5: 7, dorsal view; 8, anterior view; 9, right lateral view; 10, latex cast of external mold, WIHGF977.2, PO31, 38; 11,
WIHGF986A.2, PO32, 36.25; 12, 13, WIHGF1001, PO31, 36.25; 12, dorsal view; 13, left lateral view; 14, WIHGF389.1, PO12, 37.5; 15,
WIHGF968.2, PO32, 37.5; 16–19, WIHGF981.1, PO32, 35.75: 16, dorsal view, with white boxes showing areas enlarged in 18, and 19; 17, left lateral
view; 18, detail of frontal area showing caecate internal surface of cranidial exoskeleton; 19, detail of internal and external surface of the left fixigenae;
20, WIHGF988, PO31, 311.5; 21, WIHGF998, PO31, 36.25; 22, left librigena, WIHGF342, PO12, 311.25; 23, left librigena, WIHGF381, PO12,
312.5; 24, retrodeformation of cranidium with inferred strain ellipse, WIHGF386, PO12, 314.5; 25, WIHGF368, PO12, 36.5.
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FIGURE 47—Altiocculus sp. cf. A. striatus (Nan and Chang in Chang, Wang and Jin, 1980) from limestone collected from south side of the Parahio
River on slopes just west of confluence of the Sumna River with the Parahio River (PO13 collection), estimated to be at about the 836 m level in the
section on the north side of the Parahio River section, Spiti region, Parahio Formation. Specimens darkened with India ink and coated with magnesium
oxide prior to photography. All holaspid cranidia. 1, WIHGF532, 314; 2, 3, 5, WIHGF477, 38: 2, dorsal view; 3, anterior left oblique view; 5, anterior
view; 4, WIHGF530, 39; 6, WIHGF541, 38.

Xingrenaspis hoboi including the type species Xingrenaspis
xingrenensis. The specimens from Spiti are all distorted, but
the features fall within the variations of the type species
Xingrenaspis hoboi, which have been well illustrated in the type
collections of Yuan (in Zhang et al., 1980a) species.
Occurrence.—From shale collected from float at the
Parahio River section probably originally from 836.41 m level
(PO26 collection) on north side of Parahio River, Spiti region,
Himachal Pradesh; Parahio Formation, Oryctocephalus salteri
Zone, informal global Stage 5 of the Cambrian System.
XINGRENASPIS SHYAMALAE new species
Figure 43.1–43.14.
Etymology.—In honor of Smt. Shyamali Khastgir of
Santiniketan, West Bengal: artist, activist, Gandhian.
Types.—A nearly complete cranidium (WIHGF318.1) is the
holotype (Fig. 42.10–11). Paratypes include six cranidia
(WIHGF324.2, WIHGF326, WIHGF337, WIHGF355.1,
WIHGF384, WIHGF493), a librigena (WIHGF320) and
two pygidia (WIHGF 328.1, WIHGF328.2).
Diagnosis.—Xingrenaspis with scattered granules on the
cranidial fixigena and densely spaced granules on the pygidial
surface, faint or obscure glabellar furrows, a posteriorly
elevated occipital ring, and an anterior cranidial border
furrow notably deepened at sides.
Description.—Cranidium subquadrate, as long as wide at
level of palpebral lobe. Glabella conical, moderately convex,
broadly rounded anteriorly, 1.3 to 1.5 times as long as width at
SO, half cranidial length; three or four pairs of faint or
obscure lateral glabellar furrows: S1 long, bifurcate, defining a
subtriangular L1; S2 moderately long, at a level of anterior
one-third of glabella, diagonally directed; S3 short, isolated
from axial furrow, lying at a level of anterior one-fifth of

glabella, nearly transverse; S4 very short (tr.), lying close to
anterolateral corner of glabella, forward and inward directed;
occipital furrow shallow medially, deepened at sides, gently
curved rearward; occipital ring subtriangular, with posterior
end gently elevated and extended rearward, longest sagittally,
rapidly narrowing abaxially with maximum length occupying
one-fifth of total glabellar length, occipital node large and
distinct, lying close to posterior margin at summit of occipital
ring; anterior border gently convex, gently upturned, moderately wide, slightly narrowing abaxially; anterior border
furrow shallow or faint medially, markedly deepened at sides;
preglabellar field gently convex, as long as or slightly shorter
than anterior border, markedly shorter than preocular field,
sloping gently forward; eye ridge weak, straight, divergent
rearward at an angle of 130 degrees to sagittal line; palpebral

FIGURE 48—Inouyia sp. cranidium from limestone collected 78.07 m
above base of the Parahio Valley section (PO3 collection) on north side of
Parahio River, Spiti region, Parahio Formation. Darkened with India ink
and coated with magnesium oxide prior to photography. 1, WIHGF243A,
PO3, 312.5.
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lobe small, about one-third of glabellar length (excluding
occipital ring) oblique, with midpoint opposite center to
posterior two-fifths of glabella; palpebral area about half as
wide as glabella, gently sloping toward axial furrow. Anterior
branch of facial suture runs extrasagittally or divergent
forward at angle up to 30 degrees to sagittal axis to anterior
border furrow, turning inward and forward to cross anterior
margin in an even curve; posterior branch divergent strongly
rearward, turning rearward and slightly outward, enclosing a
relatively narrow (tr.) posterolateral projection; posterior
border furrow shallow, widening gently abaxially; posterior
border widening abaxially.
Pygidium short, transverse axis notably wider than pleural
region, extending rearward onto posterior border furrow, with
two short rings and a long terminal piece bearing a pair of
transverse elliptical nodes posteriorly. Pleural field with outer
portion downsloping strongly, bearing two or three pleurae
with ridge-like anterior and posterior band; pleural furrow
deeply incised; interpleural furrow short (exsag.) and shallow;
pleural bands, pleural and interpleural furrows terminating
before pygidial margin yielding a narrow, ridge-like lateral
and posterior borders.
Cranidial surface with very fine, densely spaced granules;
preglabellar field, anterior cranidial border and palpebral and
posterior areas of fixigena also ornamented with scattered,
moderately coarse granules which are spaced more closely on
the preglabellar field, and are rare and widely spaced on
fixigena; all pygidial surface except for furrows with coarse
granules densely distributed.
Discussion.—Of the species assigned above to Xingrenaspis,
the new species is similar to Xingrenaspis reflexa (Qiu in Qui et
al. 1983) and Xingrenaspis cf. tongshanensis (Qiu and Lin in
Qui et al. 1983) in bearing coarse scattered granules (Kruse,
1990). The new species is distinguished by the nature of both
the anterior cranidial border furrow and the occipital furrow
that apparently deepened at the sides, the lateral glabellar
furrows that are faint or obscure rather than deeply incised,
the shape of glabella that is proportionally broad, and the less
distinct eye ridge, which is clearly defined in X. reflexa.
Xingrenaspis cf. tongshanensis can be distinguished by its more
tapered and anteriorly more rounded glabella with a more
deeply incised axial furrow, a shorter but more convex
anterior border, narrower intraocular fixigena, and a shorter
pygidial axis.
Occurrence.—From limestones collected from south side of
Parahio River on slopes just west of confluence of the Sumna
River with Parahio River (PO11, PO12, and PO13 collections), estimated to be at about the 850 m level in the section
on the north side of the Parahio River section, Spiti region,
Himachal Pradesh. Parahio Formation, Oryctocephalus salteri
Zone, informal global Stage 5 of the Cambrian System.
XINGRENASPIS PARTHIVA new species
Figure 43.15–43.20
Etymology.—From the Sanskrit parthivaa meaning ‘‘of the
Earth’’.
Types.—Holotype (WIHGF435A), an incomplete cranidium (Fig. 42.15). Paratypes include two cranidia (WIHGF
432, WIHGF443A.3) and two pygidia (WIHGF403.2,
WIHGF443B.2).
Diagnosis.—Xingrenaspis with fine and dense granules on
cranidial surface; glabella notably longer than wide and gently
tapering forward with S1 moderately firmly incised; anterior
border rapidly shortening abaxially; occipital furrow firmly
impressed at sides; occipital ring longest sagittally with curved
posterior margin.
Discussion.—This species is stratigraphically older than
Xingrenaspis shyamalae and is characterized by having a
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moderately long, gently tapered glabella with a long, a firmly
incised S1 that is obscurely bifurcated and a weakly defined S2
that is subparallel to S1. The anterior border is of equal length
to or slightly longer than the preglabellar field. The occipital
furrow, as in X. shyamalae, is firmly incised at its lateral
margins. Pygidia of the two species are almost identical except
for the absence of granular ornament in X. parthiva. It is
closely similar in general cranidial and pygidial morphology to
some specimens assigned to Xingrenaspis lingyuanensis (cf.
Duan et al., 2005, pl. 9, figs. 6, 12, 13, 15–18). In both species,
the glabellar shape, the proportions of the anterior cranidial
area, the size and position of the palpebral lobe, and the large
axis with paired nodes on the terminal piece are almost
identical. However, Xingrenaspis lingyuanensis differs in
having a relatively shorter anterior border (although less short
toward the margins), an occipital furrow of uniform depth,
and a pygidium that is strongly furrowed and bears more
segments in the axis. The new species is also similar to
Xingrenaspis houmengensis Qiu (in Qiu et al, 1983, pl. 25, fig.
9) in sharing a comparable overall cranidial configuration with
a similarly positioned median node on the occipital ring.
However, the new species can be distinguished by its longer
glabella, less effaced S1 and S2 furrows, and the non-uniform
depth of the occipital furrow.
Occurrence.—From limestones collected at 433.44 m (PO15
collections), 439.57 m (PO18 collection) and 439.67 m (PO17
collection) above base of Parahio Valley section on north side
of Parahio River, Parahio Formation, Spiti region; Parahio
Formation, Kaotaia prachina Zone, informal global Stage 5 of
the Cambrian System.
Genus ZIBOASPIS Chang, 1963
Ziboaspis CHANG, 1963, p. 462, 477–478; ZHANG, LIN, YU,
AND YUAN, 1980, p. 49; QIU ET AL., 1983, p. 75; ZHANG
AND WANG, 1985, p. 346; GUO, ZAN AND LUO, 1996, p. 66;
YUAN, LI AND ZHAO, 2008, p. 104.
Type species.—Ziboaspis laevigata Chang, 1963 (p. 462, pl.
1, fig. 3), from the Maochuang Formation, Yaojiayu, Boshan,
Shandong, China, by original designation.
Other species.—Psilostracus shuiyuensis Lin and Wu in
Zhang et al., 1980b (p. 49, pl. 1, fig. 4) and Ziboaspis
ruichengensis Lin and Wu in Zhang et al., 1980b (p. 49, pl. 1,
fig. 15) from the Maochuang Formation, Ruicheng, Shanxi,
China; Ziboaspis xuzhouensis Qiu in Qiu et al., 1983 (p. 75–76,
pl. 25, figs. 1–3) and Ziboaspis? transversa Qiu in Qiu et al.,
1983 (p. 76, pl. 25, fig. 4) from the Maochuang Formation,
Tongshan, Weiji, Jiangsu, and Zaozhaung, Shandong, China;
Psilostracus wuanensis Zhang and Wang, 1985 (p. 346, pl. 107,
figs. 5–7) from the Maochuang Formation, Wuan, Hebei,
China; and Ziboaspis hostilis (Reed, 1910).
Discussion.—Ziboaspis resembles Xingrenaspis Chang et al.
1980a in the shape of the glabella, the position of the palpebral
lobe, the proportions of the anterior cranidial area, and the
course of the facial sutures, but differs in having a shorter,
more convex anterior cranidial border, a wider, less inwardsloping palpebral and posterior areas of the fixigena, a smaller
palpebral lobe, and a longer posterolateral projection.
Psilostracus Chang, 1963 is almost certainly a junior
synonym of Ziboaspis Chang, 1963. It is differentiated from
Ziboaspis only by its less convex anterior cranidial border and
less well defined anterior border furrow, which we consider to
be of specific significance at most. Several species assigned
originally to Psilostracus with a clearly defined anterior border
furrow are here transferred to Ziboaspis. Other species should
be also transferred when synonymy of the two genera is
confirmed.
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Ziboaspis? transversa is probably a junior synonym of
Ziboaspis xuzhouensis. Both species were erected by Qiu (in
Qiu et al., 1983), who referred a cranidium in association with
the holotype cranidium of Z? transversa to Z. xuzhouensis.
These two cranidia are from the same formation at same
locality but both are tectonically deformed. Both cranidia are
certainly conspecific as there are no differences except for the
transverse appearance of the holotype of Z? transversa, which
evidently resulted from sagittal compression.
Ziboaspis resembles Parasolenopleura but differs primarily
in glabellar shape, which is proportionally longer and less
anteriorly tapered. Ziboaspis also has a more posteriorly
located palpebral lobe, wider palpebral fixigena, and is
effaced.
Occurrence.—China (Liaoning, Jiangsu, Shandong,
Shanxi), India (Spiti); informal global Stage 4 and Stage 5 of
the Cambrian System.
ZIBOASPIS HOSTILIS (Reed, 1910)
Figures 44, 45
Ptychoparia? hostilis REED, 1910, p. 33–34, pl. 4, figs. 7–13a.
Ptychoparia? praeterita REED, 1910, p. 35–36, pl. 4, figs. 14–
26.
Solenoparia hostilis (Reed); KOBAYASHI, 1967, p. 488.
Solenoparia praeterita (Reed); KOBAYASHI, 1967, p. 488.
Douposiella hostilis (Reed); JELL AND HUGHES, 1997, p. 52–
54, pl. 13, figs. 1–12; pl. 14, figs. 1–13.
Lectotype.—A tectonically deformed exoskeletal internal
mold (Reed, 1910, pl. 4, fig. 12; Jell and Hughes, 1997, pl. 13,
fig. 5, refigured).
New Material.—Cranidia include 17 preserved in limestone
(WIHGF351, WIHGF368, WIHGF386, WIHGF389.1, WIHGF
670, WIHGF702.1, WIHGF968.2, WIHGF977.2, WIHGF981.1,
WIHGF982, WIHGF986A.1, WIHGF986A.2, WIHGF988,
WIHGF990, WIHGF998, WIHGF999, WIHGF1001) along
with two free cheeks (WIHGF342, WIHGF381), and six cranidia
preserved in shale (WIHGF1031.4, WIHGF1031.5, WIHGF
1031.8, WIHGF1031.9, WIHGF1031.10), including a meraspid
(WIHGF1031.3).
Emended diagnosis.—Ziboaspis with subconical glabella
bearing obscure lateral furrows and broadly based occipital
spine; small palpebral lobe positioned centrally; narrow
librigena with short genal spine and without posterior border
furrow, exoskeleton densely punctuate.
Emended description.—Cranidium subquadrate, as long
(excluding occipital spine) as wide at level of palpebral lobe.
Pre-occipital glabella truncate-conical, moderately convex,
obtusely rounded anteriorly, with length about 1.35 times
basal width at SO, occupying 0.65 cranidial length; glabellar
furrows largely effaced, S1 faint and long, slightly sinuous,
observable in most specimens; S2 and S3 evident in some
specimens; occipital furrow transverse, slightly deepened at
sides; occipital ring with short spine either broadly based or
based adaxially; anterior border strongly convex, shortening
slightly abaxially; preglabellar field gently convex, twice length
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of convex anterior border, eye ridge obscure on external
surface, weakly defined on internal mold, gently oblique;
palpebral lobe small, about 0.3 pre-occipital glabellar length,
strongly oblique, with midpoint at or slightly anterior to the
midpoint of pre-occipital glabella. Anterior branch of facial
suture slightly forward divergent to subparallel; posterior
branch divergent diagonally rearward, enclosing a long,
subtriangular posterolateral projection.
Librigena narrow, with broad-based genal spine, posterior
border furrow absent; lateral border moderately convex;
lateral border furrow deep anteriorly, effaced rearward, genal
field 1.2–1.5 times width of lateral border, gently convex;
librigenal doublure narrow, convex ventrally.
Cephalic surface with fine punctate ornament on both
external and internal surfaces. Internal surface caecate
between punctae.
Thorax of 13 segments, as shown by Jell and Hughes (1997),
who also illustrated the pygidium.
Discussion.—Previously, this species was based solely on
shale specimens that are commonly strongly deformed, and
the specific concept remained rather obscure. The new
limestone specimens enable us to clarify the morphology of
the species in nearly all cephalic aspects. It is notable that this
material shows ornament on both internal and external
surfaces, something that was not evident in the internal molds
figured by Jell and Hughes (1997). In addition, the new
material includes cranidia of different ontogenetic stages,
showing only slight differences including a more slender and
relatively longer glabella in small cranidia.
Occurrence.—From limestones collected at 835.66 m (PO32
collection) and 836.36 m (PO31 collection) above the base of
the Parahio Valley section on the north side of the Parahio
River, Parahio Formation, Spiti region. From limestones on the
south side of Parahio River on slopes just west of confluence of
the Sumna River with the Parahio River (PO11 and PO12
collections), estimated to be at about the 835 m level in the
section on the north side. Also from shale collected from float at
the Parahio River section probably originally from 836.41 m
level (PO26 collection) on north side of Parahio River, Spiti
region; Parahio Formation, Oryctocephalus salteri Zone,
informal global Stage 5 of the Cambrian System.
Family AGRAULIDAE Raymond, 1913
Genus PORIAGRAULOS Chang, 1963
Poriagraulos CHANG, 1963, p. 470, 483–484; LU ET AL., 1965,
p. 238–239; ZHANG AND JELL, 1987, p. 115; YUAN, LI AND
ZHAO, 2008, p. 86.
Type species.—Poriagraulos perforatus Chang, 1963 [5Anomocare nanum Dames, 1883], from the Dangshi Formation,
Benxi, Liaoning, China; by original designation.
Other species.—Poriagraulos dictyosus Zhang in Qiu et al.,
1983 (p. 116, pl. 38, fig. 7) from the Hsuchuang Formation,
Shandong, China; Poriagraulos kaesleri Lieberman, 2004
(p. 20, figs. 18.1–18.3) from the Nelson Limestone, Neptune
Range, Antarctica.

r
FIGURE 49—Himalisania sudani (Jell and Hughes, 1997) from limestones collected at 36.05 m above base (KU5 and KU7 collections) and at 36.55 m
(KU4 collection) above base of the Kuru 1 section opposite Kuru, on the north side of the Tsarap Lingti Chu, Zanskar Valley, Teta Member, Karsha
Formation. Specimens darkened with India ink and coated with magnesium oxide prior to photography. 1–15, cranidia: 1, meraspid, WIHGF1042,
KU5, 316.25; 2, meraspid, WIHGF782, KU7, 315.75; 3, meraspid questionably assigned to this species, WIHGF835A.2, KU5, 313.5; 4,
WIHGF772.2, KU7, 38.25; 5, WIHGF745, KU7, 36.75; 6, WIHGF781A, KU7, 39.25; 7, WIHGF775B.2, KU7, 39; 8, WIHGF739.1, KU7, 36; 9,
WIHGF754, KU7, 36.75; 10, WIHGF890, KU7, 3 7.5; 11, WIHGF739.3, KU7, 34.25; 12, 13, WIHGF739.2, KU7, 35; 12, dorsal view; 13, anterior
right lateral view; 14, 15, WIHGF762, KU5, 35.5: 14, anterior right lateral view; 15, dorsal view; 16–25, pygidia. 16, meraspid pygidium, KU5,
WIHGF822.2, 314.5; 17, WIHGF772.1, KU7, 38.5; 18, WIHGF772.3, KU7, 37.25; 19, WIHGF785, KU7, 37; 20, WIHGF755, KU7, 37; 21,
WIHGF779, KU7, 34.75;22, WIHGF682, KU4, 35. 23, 24, WIHGF746, KU7, 35: 23, dorsal view; 24, left lateral view; 25, WIHGF777A, KU4, 34.25.
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Discussion.—Schrank (1977) placed all species assigned or
transferred to Poriagraulos by Lu et al. (1965) in synonymy
with Anomocare nanum Dames, including P. perforatus, the
type species of Poriagraulos and its junior objective synonym
Poriagraulos porus Chang in Lu et al., 1965. This synonymy
was accepted by Zhang and Jell (1987) and we concur. Zhang
and Jell (1987) considered the genus to be monotypic, but we
accept Poriagraulos dictyosus Chang, 1983 is a valid species
defined by its notched lateral glabellar furrows and slightly
upturned anterior border. In addition to the species synonymized by Schrank (1977), Poriagraulos baofengensis Mong in
Zhou et al., 1977 and Poriagraulos weijiaspis Qiu in Qiu et al.,
1983 are also synonyms of Poriagraulos nanus (Dames, 1883)
(nom. correct. herein) because both species were erected on the
basis of trivial differences from P. nanus.
Occurrence.—China (Henan, Liaoning, Shandong), India
(Spiti), and Antarctica; informal global Stage 5 of the
Cambrian System
PORIAGRAULOS sp.
Figure 46
Material.—One cranidium (WIHGF1028).
Discussion.—This single cranidium has a subtriangular
outline, an obtusely angled cranidial margin, a conical glabella
that is defined by broad and shallow axial furrows and is
acutely rounded anteriorly, a posteriorly extended occipital
ring defined by an obscure occipital furrow that is slightly
deepened at the sides, a relatively long anterior border, a small
palpebral lobe that is centrally placed and a relatively long
subtriangular posterolateral projection. These features are
particularly reminiscent of Poriagraulos dictyosus, from which
the Indian cranidium differs in its obscure lateral glabellar
furrows and a smooth, rather than punctate, external surface.
The absence of punctae also distinguishes this specimen from
the type species. The Indian cranidium is left in open
nomenclature until more material is available.
Occurrence.—From limestone on the south side of Parahio
River on slopes just west of confluence of the Sumna River
with Parahio River (PO14 collection), estimated to be at about
the 835 m level in the section on the north side, Parahio
Valley, Spiti, India; Parahio Formation, Oryctocephalus salteri
Zone, informal global Stage 5 of the Cambrian System.
Family ALOKISTOCARIIDAE Resser, 1939
Genus ALTIOCCULUS Sundberg, 1994
Altiocculus SUNDBERG, 1994, p. 91–93.
Type species.—Altiocculus drumensis Sundberg, 1994, from
the Altiocculus Subzone of Ehmaniella Biozone, Swasey
Limestone, Drum Mountain, Utah, USA, by original designation.
Other species.—Acrocephalites americanus Walcott, 1916
(p. 177, pl. 24, figs. 2, 2a, 2b, 3, 3a, 3b) from the Conasauga
Formation, Floyd County, Georgia; Alokistocare herris
Robison, 1971 (p. 802–803, pl. 91, figs. 1–7) and Alokistocare
herris Robison?, 1971 (p. 803, pl. 91, figs. 8, 9) from the
Marjum Formation (Wheeler Shale), Utah, USA; Alokistocare
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sinuatum Rasetti, 1951 (p. 204, pl. 34, figs. 1, 2) and
Alokistocare cataractense Rasetti, 1951 (p. 205, pl. 34, figs.
3, 4) from the Eldon Formation, British Columbia, Canada;
Alokistocare curvum Zhou in Lu et al., 1974a (p. 99, pl. 38, fig.
10) from the Jialao Formation, Kaili, Guizhou, China;
Alokistocare striatum Nan and Chang, in Chang et al. 1980
(p. 131, pl. 1, fig. 15), Alokistocare dorsatum Nan and Chang,
1982b (p. 30, pl. 2, figs. 9, 10), and Alokistocare solum Nan
and Chang, 1982b (p. 31, pl. 1, fig. 8–10) from the Dangshi
Formation, Fuxian, Liaoning, China; Altiocculus concavus
Sundberg, 1994 (p. 94–96, fig. 59) from the Swasey Limestone,
Drum Mountain, Utah, USA; and Altiocculus cf. herris
(Robison, 1971) (Sundberg, 1994, fig. 60) from the Eldorado
Formation, northern Egan Range, Nevada, USA.
Diagnosis.—See Sundberg, 1994, p. 91.
Discussion.—Sundberg (1994) erected Altiocculus, accommodating some species previously assigned to Alokistocare
within the new genus. Subsequently Sundberg (1999) provided
a revised diagnosis for Alokistocare that serves to separate it
from Altiocculus. Altiocculus has an elevated palpebral lobe
relative to the posterior area of the fixigena and anterior
border, lacks a preglabellar boss on both preglabellar field and
anterior border, has a more downsloping anterior area of the
fixigena, and has a more posteriorly situated palpebral lobe
(Sundberg, 1994, 1999). Altiocculus is distinguished from
Schopfaspsis Palmer and Gatehouse, 1972 by its elevated
palpebral lobe and the absence of paired pits in the anterior
cranidial border furrow.
Several Chinese species assigned previously to Alokistocare
are here transferred to Altiocculus. These trilobites are
characterized by having a thickened and strongly upturned
marginal rim and by lacking a distinct anterior border furrow.
In these characters they differ from type and possible topotype
specimens of Alokistocare subcoronatum, the type species of
Alokistocare as figured by Sundberg (1999, figs. 5, 6), but
conform well to the condition in Altiocculus. Of these species,
Alokistocare curvum was subsequently reassigned to Xingrenaspis by Zhang et al. (1980a, p. 332), a genus which is
comparable to Altiocculus in having a similar frontal area, but
it is differentiated by its flatter and more anteriorly located
palpebral lobe, narrower interocular fixigena, and less
divergent anterior and posterior branches of the facial suture.
Occurrence.—Great Basin (Nevada, Utah), Canada (British
Columbia), China (Guizhou, Liaoning), India (Spiti); informal
global Stage 4 through early Drumian Stage, Cambrian System.
ALTIOCCULUS sp. cf. A. STRIATUS (Nan and Chang in Chang,
Wang and Jin 1980)
Figure 47
cf. Alokistocare striatum NAN AND CHANG in Chang, Wang
and Jin, 1980, 117, 131, pl. 1, fig. 15; NAN AND CHANG
1982b, p. 30, pl. 2, figs. 7, 8.
Material.—Four partially exfoliated cranidia (WIHGF477,
WIHGF530, WIHGF532, WIHGF541).
Description.—Cranidium subquadrate, length slightly less
than width at level of palpebral lobe, with anterior margin
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FIGURE 50—Neoanomocarella asiatica Hsiang in Egorova et al., 1963 from limestones collected at 36.05 m (KU5, KU6 and KU7 collections) and at
36.55 m (KU4 collection) above base 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 photography. All holaspid except 1–2, all cranidia
except 1,16. 1, protaspid, WIHGF831, KU5, 342; 2, ?meraspid, WIHGF822.1, KU5, 314.2; 3, WIHGF835A.3, KU5, 314.75; 4, WIHGF753, KU7,
36.25; 5, WIHGF832.1, KU5, 35.5; 6, WIHGF820.6, KU5, 35.75; 7, WIHGF833.1, KU5, 34.5; 8. WIHGF835A.4, KU5, 34; 9, WIHGF832.2, KU7,
34; 10, WIHGF821.1, KU5, 34.25; 11–13, WIHGF690, KU6, 33.75: 11, dorsal view; 12, anterior right lateral view; 13, anterior view; 14, 15, latex of
external mold, WIHGF679B, KU4, 34; 14, anterior view; 15, dorsal view; 16, left librigena, WIHGF890, KU6, 37.5; 17, 18, part of counterpart shown
in 14, 15, WIHGF679A, KU4, 34: 17, dorsal view; 18, anterior left lateral view; 19, WIHGF890, KU6, 34.
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gently curved. Glabella truncate-conical, moderately convex,
evenly rounded anteriorly, slightly longer than maximum
glabellar width at SO; lateral glabellar furrows effaced;
occipital furrow distinct, transverse; occipital ring crescentic,
occupying about one-fifth of total glabellar length. Anterior
cranidial area long with preocular area moderately downsloping outward and forward; anterior border thickened and
notably upturned, slightly narrowing abaxially; preglabellar
field nearly twice length of anterior border, gently downsloping forward, separated from anterior border by slope
change; eye ridge faint, gently oblique rearward; palpebral
lobe small, moderately elevated, slightly oblique with midpoint opposite anterior one-third of glabella (excluding
occipital ring); palpebral area slightly narrower than glabella,
adaxial portion slopes steeply toward axial furrow. Anterior
branch of facial suture gently divergent forward, turning
inward after crossing the posterior margin of the anterior
border; posterior branch divergent diagonally, enclosing a
short and narrow subtriangular posterolateral projection;
posterior border furrow shallow and broad, posterior border
ridge-like, nearly uniform in length (exs.).
Exoskeleton relatively thick, external surface finely and
densely granulated.
Discussion.—The nature of the frontal area, the elevated
palpebral lobe relative to the posterior area of the fixigena and
the anterior border, the absence of a distinct anterior border
furrow, and the long anterior are the basis for reassigning
Alokistocare striatum to Altiocculus. This and the coarse, as
opposed to fine, granular ornament are significant in
distinguishing Alokistocare cf. A. striatum from the cooccurrent Solenoparia talingensis, which it closely resembles.
The new specimens assigned to Alokistocare cf. A. striatum
from Spiti are closely similar to the type material from
Liaoning, China except that the glabella is more convex and
the preglabellar field is proportionally shorter.
Occurrence.—From limestone collected from south side of
Parahio River on slopes just west of confluence of the Sumna
River with Parahio River (PO13 collection), estimated to be at
about the 850 m level in the section on the north side of the
Parahio River section, Parahio Formation, Spiti region;
Parahio Formation, Oryctocephalus salteri Zone, informal
global Stage 5 of the Cambrian System.
Family INOUYIIDAE Chang, 1963
Genus INOUYIA Walcott, 1911
Inouyia WALCOTT, 1911, p. 80–81; 1913, p. 149; KOBAYASHI,
1935, p. 251, 253–254; HOWELL in Harrington et al., 1959,
p. 247; SUVOROVA in Chernysheva, 1960, p. 86; LU, CHU
AND CHIEN., 1963, p. 91; LU ET AL., 1965, p. 248–249;
ZHOU, LUI, MONG AND SUN, 1977, p. 167–168; NAN, 1980,
p. 494; ZHOU, LI AND QU, 1982, p. 248; ZHANG AND WANG,
1985, p. 397; ZHANG AND JELL, 1987, p. 130; ZHU, 1992,
p. 344; DUAN ET AL., 2005, p. 147; YUAN, LI AND ZHAO,
2008, p. 98.
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Type species.—Agraulos? capax Walcott, 1906 from the
Hsuchuang Formation, near Dongyu, Shanxi, by original
designation.
Other species.—Inouyia fakelingensis Mong in Zhou et al.,
1977 (p. 168, pl. 50, fig. 10) from the Hsuchuang Formation,
Mianchi, Henan; Inouyia lubrica Zhou in Zhou et al., 1982
(p. 248–249, pl. 62, fig. 14) from the Xiangshan Group (middle
Cambrian), Zhongwei, Ningxia; Inouyia zhongweiensis Zhou
in Zhou et al., 1982 (p. 249, pl. 62, fig. 15, 16) from the
Xiangshan Group (middle Cambrian), Zhongwei, Ningxia [?5
Inouyia yangchengensis Zhang and Wang, 1985 (p. 397, pl.
120, fig. 7)]; Inouyia hanshanensis Zhang and Wang, 1985
(p. 397, pl. 120, fig. 5) from the Hsuchuang Formation, Fansi
and Huoxian, Shanxi [5Inouyia houshanensis Zhang and
Wang, 1985 (p. 398, pl. 120, figs. 5, 6)]; Inouyia parallela Duan
et al., 2005 (p. 148, pl. 26, figs. 3–7) from the Hsuchuang
Formation, Kuancheng, Hebei, and Jingxi, Liaoning.
Inouyia fongfongensis Chang, 1959 (p. 211, 236, pl. 4, fig.
19) has been designed as type species in erecting a new genus
Wuania Chang (1963, p. 472).
Occurrence.—China (Hebei, Henan, Jilin, Liaoning, Ningxia, Shandong, Shanxi) India; Informal global Stage 4 and
Stage 5 of the Cambrian System.
INOUYIA sp. indet.
Figure 48
Material.—One incomplete cranidium (WIHGF243A).
Description.—Cranidium notably wider than long. Glabella
small, rectangular outline defined by deeply incised axial and
preglabellar furrows, gently convex with parallel sides, front
truncate. Three pairs of short, firmly incised, lateral furrows
strongly oblique rearward; preglabellar area slightly shorter
than glabella (excluding occipital ring), with median part
notably raised to form a transverse elliptical boss; anterior
cranidial border short (sag., exsag.), defined by faint anterior
border furrow. Eye ridge weak, transversely directed, slightly
curved; palpebral lobe narrow (tr.), strap-like, about half as long
as glabella, very slightly curved, defined by distinct palpebral
furrow, lying opposite anterior half of glabella. Palpebral area
1.5 glabellar width; palpebral area and posterior areas slightly
convex with inner portion gently concave, forming a subtriangular depression; anterior branch of facial suture runs forward
and slightly inward initially, then curving smoothly inward to
enclose a rounded cranidial anterolateral corner; posterior
branch unknown. Posterior border furrow defined.
Discussion.—Of the species listed above, the Indian
specimen resembles Inouyia capax (Walcott, 1906) most
strongly in having a broad (tr.) fixigena with depressed
palpebral and posterior areas, a short anterior border that is
poorly defined, and in the shape of the glabella. However, the
type species differs in the relatively large proportion of the
glabella with a median keel, and weak, less obliquely directed
lateral glabellar furrows. This Indian cranidium may belong to
an undescribed species of Inouyia, but this single, relatively

r
FIGURE 51—Neoanomocarella asiatica Hsiang in Egorova et al., 1963 from limestones collected at 36.05 m (KU5 and KU7 collections) and at 36.55 m
(KU4 collection) above the base of the Kuru 1 section opposite Kuru, on the north side of the Tsarap Lingti Chu, Zanskar Valley, Teta Member, Karsha
Formation. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All holaspid. 1, cranidium, WIHGF743, KU7,
37.5; 2, cranidium, WIHGF820.1, KU5, 33.5; 3, latex cast of external mold of cranidium, WIHGF768, KU7, 32.5; 4, cranidium, WIHGF820.4, KU5,
34.75; 5, cranidium, WIHGF126.2, KU5, 34; 6, hypostome, WIHGF821.1, KU5, 37; 7, pygidium, WIHGF835A.1, KU5, 38.5; 8, pygidium,
WIHGF820.3, KU5, 37.5; 9, counterpart of pygidium, WIHGF763, KU7, 39; 10, pygidium, WIHGF760.1, KU7, 310; 11, pygidium, WIHGF126.1,
KU5, 36.25; 12, pygidium, WIHGF832.3, KU5, 36.75; 13, pygidium, WIHGF741, KU7, 36.5; 14, right librigena, WIHGF786, KU7, 34; 15,
pygidium, WIHGF686, KU4, 35.25; 16, latex of counterpart pygidium, WIHGF765, KU7, 3 5.25; 17, portion of right librigena, WIHGF760.2,
KU7, 34.
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FIGURE 52—Solenoparia from the Parahio Valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography, all
cranidia. 1–10, Solenoparia talingensis (Dames, 1883) from limestones collected on south side of Parahio River on slopes just west of confluence of the
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FIGURE 53—Changqingia sp. indet. from carbonate sandstone collected
at about 776 m above base of Parahio Valley section (PO25 collection) on
north side of the Parahio River, Spiti region, Parahio Formation.
Cranidium darkened with India ink and coated with magnesium oxide
prior to photography. 1–3, WIGHF946, 33: 1, anterior oblique view; 2,
dorsal view; 3, right lateral view.

small-sized cranidium is insufficient to warrant recognition of
a new taxon. Thus, it is left in open nomenclature.
Occurrence.—From limestone collected at 78.07 m above
base of the Parahio Valley section (PO3 collection) on north
side of Parahio River, Spiti region, Parahio Formation,
Haydenaspis parvatya Zone, informal global Stage 4 of the
Cambrian System (late Duyunian Stage as used in South
China).
Family LISANIIDAE Chang, 1963
Genus HIMALISANIA new genus
Etymology.—From Sanskrit himal, meaning snow, combined with the generic name Lisania, referring to the inferred
phylogenetic relationship between the new genus and lisaniids.
Type species.—Eoshengia? sudani Jell and Hughes, designated herein.
Diagnosis.—A lisaniid genus with cranidium as long as
wide. Relatively small palpebral lobe situated anterior to
midpoint of cranidium, of same length as posterior area of
fixigena. Strongly curved anterior cranidial border with weak
plectrum. Large glabella with occipital furrow almost completely effaced on both external and internal surfaces; occipital
node lying close to anterior margin of occipital ring. Posterior
branch of facial suture with sharp angular inflection.
Posterolateral projection notably narrow. Pygidium with axis
extending onto posterior border; pleural field with three to
four ribs.
Discussion.—The new genus is most similar to Neoanomocarella Hsiang in Egorova et al., 1963, which was originally
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classified with Anomocarellidae but was recently transferred
to Lisaniidae by Peng et al. (2004b). Distinctive features
include the strongly curved, plectrum-bearing anterior cranidial border, an anteriorly placed occipital node, a short,
angularly inflected posterior branch of the facial suture
diverging rearward in its anterior half and converging
rearward in its posterior half. These features are not known
in other lisaniids. Neoanomocarella is differentiated by its
longer anterior border that is expanded medially, a notably
shorter, tapered glabella, its more firmly incised occipital
furrow, its smaller and more posteriorly placed palpebral lobe,
and its shorter pygidium in which the axis does not reach the
border. In overall cranidial and pygidial morphology, the new
genus is comparable with both Baojingia Yang in Zhou et al.,
1977 [5Eoshengia Yang in Zhou et al., 1977] and Lisania
Walcott, 1911. The concepts of both Baojingia and Lisania
were revised by Peng et al. (2004b, p. 87–90, 98–99).
Himalisania differs from both Baojingia and Lisania in having
a shorter and wider posterolateral projection, and a relatively
large and more posteriorly placed palpebral lobe. In addition,
Baojingia has a more transverse anterior border furrow,
whereas Lisania has an anterolateral spine-bearing pygidium
that may have been proportionally smaller.
Occurrence.—India and probably South China; Guzhangian Stage.
HIMALISANIA SUDANI (Jell and Hughes, 1997)
Figure 49
Eoshengia? sudani JELL AND HUGHES, 1997, p. 102, pl. 31, figs.
9–14.
Holotype.—A damaged and deformed exoskeleton
(MPUM7249) from Surichun La nulla (equivalent to site of
collection KH3 of this study), Zanskar, India, Surichun
Member, Kurgiakh Formation (Jell and Hughes, 1997, pl.
31, fig. 12).
New material.—More than 45 sclerites including two
meraspid cranidia (WIHGF1042, WIHGF782), and one
meraspid cranidium questionably assigned to this species
(WIHGF835A.2), ten holaspid cranidia (WIHGF745,
WIHGF739.1, WIHGF739.2, WIHGF739.3, WIHGF754,
WIHGF762, WIHGF772.2, WIHGF775B.2, WIHGF781A,
WIHGF890), one meraspid pygidium (WIHGF822.2) and
eight
holaspid
pygidia
(WIHGF682,
WIHGF746,
WIHGF755, WIHGF772.1, WIHGF772.3, WIHGF777A,
WIHGF779, WIHGF785).
Emended Diagnosis.—As for genus.
Description.—Cranidium as long as wide with moderate
convexity. Glabella large, rectangular, gently convex, with
straight, concave or parallel sides, broadly rounded anteriorly;
lateral glabellar furrows largely effaced with S1 obscurely
impressed; occipital furrow transverse, nearly obliterated on
both external surface and internal mold; occipital ring short
(exsag.) at margins, widest sagittally, with small medial node
located anteriorly, close to occipital furrow. Anterior cranidial
border short (sag., exs.), strongly arched, gently convex,
longest sagittally, with median part of posterior margin
extending rearward slightly to form a weak plectrum; anterior
border furrow firmly impressed, not interrupted by plectrum.

r
Sumna River with Parahio River (PO13 collection), estimated to be at about the 836 m level in the section on the north side of the Parahio River section,
Spiti region. Parahio Formation. 1, WIHGF525.1, 319.75; 2, WIHGF505, 312.5; 3, WIHGF519.1, 37.75; 4, WIHGF525.2, 38.5; 5, 6, WIHGF519.2,
38.25: 5, dorsal view; 6, anterior left lateral view; 7, WIHGF470, 38.5; 8–10, WIHGF508, 3 5.75: 8, dorsal view; 9, anterior left lateral view; 10,
anterior view; 11–16, Solenoparia sp. cf. S. shanxiensis Zhang and Wang 1985, from limestones collected on south side of Parahio River on slopes just
west of confluence of the Sumna River with Parahio River (PO12 collection), estimated to be at about the 836 m level in the section on the north side of
the Parahio River section, Spiti region. Parahio Formation: 11, 12, WIHGF387, 36.5: 11, anterior right lateral view; 12, dorsal view; 13, WIHGF377,
310; 14–16, WIHGF391, 38.25: 14, anterior right lateral view; 15, anterior view; 16, dorsal view.
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FIGURE 55—Proasaphiscus simoni n. sp. from shales collected at 500.32 m (PI14 collection), and 501.72 m (PI15 collection), Parahio Formation, on
east side of Tsarap River, south of Phuktal Gompa, Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to
photography. All holaspid. 1, dorsal view of cranidium, WIHGF586, PI14, 33.25; 2, retrodeformation with inferred strain ellipse; 3, pygidium,
WIHGF164.2, PI15, 38.75.

Preocular field of fixigena small, moderately downsloping; eye
ridge short and weak; palpebral lobe narrow, gently curved,
one-third as long as glabella, notably oblique to sagittal line,
lying anterior to the mid-length of glabella, defined by firmly
incised palpebral furrow; palpebral area about 0.4 glabellar
width; posterior area of fixigena as long as palpebral lobe
length (exs.) gently convex and downsloping abaxially.
Anterior branch of facial suture gently convergent forward
to anterior border furrow and then continuing to cross
anterior border obliquely; posterior branch with sharp angular
inflection, gently diverging rearward from the posterior end of
palpebral lobe, turning inward and rearward at about half
way, meeting cranidial posterior margin to form narrow,
trapezoid-shaped posterolateral projection. Posterior border
furrow broad, posterior border widens abaxially.
Thorax of 7 segments, as shown by Jell and Hughes (1997).
Pygidium semicircular, about half as long as wide. Axis
long, gently tapered rearward meeting posterior border,
markedly narrower than pleural region, with four weakly
defined rings, and a small terminal piece. Pleural field slopes
down abaxially, divided by deeply incised pleural furrows into
three, or possibly four, convex ribs; interpleural furrows
absent. Border furrow shallow, border narrow and flat,
defined both by border furrow and slope change of pleural
field.
Ontogeny.—Glabella in small cranidia (1.17–1.77 mm in
length, Fig. 49.1–49.3) expanding forward; becoming concavesided or parallel-sided in large specimens. Plectrum absent in
cranidia less than 2.9 mm (Fig. 49.9) long, evident on larger
cranidia (6.75–8.32 mm in length, Fig. 49.13–49.15). Relative
increase in glabellar proportions during growth, occupying
less than 0.3 cranidial width at palpebral level in small
cranidia, and 0.5 width when fully developed. Palpebral lobe
positioned slightly rearward in large specimens. Segment-rich
meraspid pygidium transverse, becoming semicircular in later
stages as segments are released, suggesting protomeric
development (Hughes et al., 2006). Pygidial axis extends to
posterior border in holaspis.
Discussion.—This species was erected on the basis of poorly
preserved shale specimens, in which deformation has obscured

many features (Jell and Hughes, 1997). The species was
tentatively assigned to Eoshengia, which is a junior synonym
of Baojingia. The new material, from the top of the Teta
Member, Karsha Formation opposite Kuru, Zanskar, was
collected from limestone and almost all cranidial and pygidial
features are preserved in original relief. Features on the type
material are identical with those observed on the new material,
and hence both are conspecific, but they do not belong to
Baojingia and represent a new genus that resembles both
Baojingia and Lisania. A single cranidium assigned to Lisania
sp. by Kumar (1998, p. 677, pl. 1, fig. 4) was also collected in
Zanskar from the upper part of the Parahio Formation near
the KH2 locality. Like the type material of Himalisania sudani
(Jell and Hughes, 1997) it is also preserved in shale but is
differentiated by having a more posteriorly situated palpebral
lobe, a distinct rather that effaced occipital furrow, a more
oblique eye-ridge, and an anterior branch of the facial suture
that runs parallel to the sagittal axis. More significantly,
Kumar’s (1998) cranidium seems have fossulae at the
anterolateral corners of the glabella, and the L1 has a rounded
posterolateral margin. These are characters of Kootenia rather
than Lisania. A Kootenia-like pygidium is also known in
Kumar’s (1998, p. 678, pl. 2, figs. 2, 6) collection, which was
incorrectly assigned by him to Damesella sp., and this supports
placement of his cranidium in Kootenia.
Occurrence.—From limestones 36.05 m (KU5 and KU7
collections) and 36.55 m (KU4 collection) above the base of
the Kuru 1 section opposite Kuru, Zanskar, Teta Member,
Karsha Formation, also known from Surichun La nulla at
horizon of our KH3 collection, Karsha Formation (Surichun
Member) (Jell and Hughes, 1997); Guzhangian Stage,
Lejopyge acantha and Proagnostus bulbus zones.
Genus NEOANOMOCARELLA Hsiang in Egorova et al., 1963
Type species.—Neoanomocarella asiatica Hsiang in Egorova
et al., 1963 from the Huaqiao Formation, Fenghuang,
northwestern Hunan, by original designation.
Discussion.—Peng et al. (2004b) emended the generic
concept, provided a synonymy, and regarded Neoanomocar-

r
FIGURE 54—Proasaphiscus simoni n. sp. from shales collected at 501.72 m above base of Purni Valley section (PI15 collection), Parahio Formation, on
east side of Tsarap River, south of Phuktal Gompa, Zanskar Valley. Specimens darkened with India ink and coated with magnesium oxide prior to
photography. All holaspid. 1–10, 13, 16, cranidia; 14, 15, 17, 18, pygidia. 1, WIHGF603, 36.5; 2, WIHGF599.1, 38.25; 3, WIHGF164.1, 38; 4, latex
cast of external mold of WIHGF158, 36.5; 5, WIHGF593, 34.5; 6, WIHGF596, 34.5; 7, 8, WIHGF614, 34: 7, dorsal view; 8, anterior left lateral view;
9, 10, 13, holotype, WIHGF600, 33.75. 9, anterior right lateral view: 10, dorsal view; 13, anterior view; 11, counterpart of right librigena, WIHGF873.3,
33; 12, right librigena, WIHGF599.2, 313; 14, WIHGF1041, 318.25; 15, WIHGF592, 38; 16, WIHGF169.1, 33.75; 17, WIHGF599.2, 37.75; 18,
latex of external mold, WIHGF595, 34.
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FIGURE 56—Hundwarella memor (Reed, 1910) from shale at 836.41 m
(PO26 collection) on the north side of the Parahio River, Spiti region,
Parahio Formation. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. Cranidia. 1, WIHGF699.4, 37; 2,
WIHGF697, 37.75.

ella as a plectrum-bearing lisaniid. As amended, the genus
comprises two species, N. asiatica, the type species, and N.
incilis Peng et al., 2004b. Neoanomocarella is characterized by
having a rippled anterior cranidial border that bears a short
and broad plectrum and by facial sutures in which the anterior
branch runs sinuously across the anterior border to enclose a
tongue-like medial projection of the anterior border, and the
posterior branch that has an angular inflection with anterior
half divergent rearward and posterior half convergent
rearward.
Occurrence.—South China, Kazakhstan, India; Guzhangian
and early Paibian ages.
NEOANOMOCARELLA ASIATICA Hsiang in Egorova et al., 1963
Figures 50, 51
Neoanomocarella asiatica HSIANG in Egorova et al., 1963,
p. 55–56, pl. 12, figs. 9–12; PENG ET AL., 2004b, p. 110–112
(see for synonymy).
Holotype.—A cranidium (Egorova et al., 1963, pl. 12, fig. 9,
GMC IV2612) from the Huaqiao Formation, near Chatian,
Fenghuang, western Hunan.
New material.—More than 60 sclerites including cranidia,
pygidia and librigenae of various ontogenetic stages. Protaspid
(WIHGF831), two meraspid cranidia (WIHGF822.1,
WIHGF835A.3),
holaspid
cranidia
(WIHGF679A/B,
WIHGF690,
WIHGF743,
WIHGF753,
WIHGF768,
WIHGF820.1, WIHGF820.4, WIHGF820.6, WIHGF821.1,
WIHGF126.2, WIHGF832.1, WIHGF832.2, WIHGF833.1,
WIHGF835A.4,
WIHGF890),
three
librigenae
(WIHGF760.2, WIHGF765, WIHGF890), one hypostome
(WIHGF821.1), and nine pygidia (WIHGF686, WIHGF741,
WIHGF760.1, WIHGF763, WIHGF786, WIHGF820.3,
WIHGF126.1, WIHGF832.3, WIHGF835A.1).
Description.—See Peng et al., 2004b, p. 110–111.
Ontogeny.—Protaspis (Fig. 50.1): 0.5 mm long, subrounded
in outline, convex axis with posterior two-thirds parallel-sided,
anterior third expanded forward, obscurely divided into four
segments; cheeks gently convex. Cranidia less than 2 mm long
(Fig. 50.2–50.3): glabella sides concave with anterior part
slightly expanded forward, rounded or truncate anteriorly.
Cranidia 2 and 5 mm long (Fig. 50.4–50.6): glabella subquadrate or slightly tapered forward, truncate anteriorly, transverse depression on anterior border becomes evident and the
anterior portion of anterior border becomes upturned;
cranidia longer than 7.5 mm (Fig. 50.7–50.15; 50.17-42.19;
Fig. 51 2–51.5): glabella subquadrate anteriorly in early stages
and gently tapered with front obtusely rounded and slightly
indented medially in later stages.

Available pygidia are 1.75–6.00 mm in length (Fig. 51.7–
51.13; 51.15–51.16), and no marked changes ontogenetic
changes are observed except for the slightly longer proportion
in later stages accompanied by expansion of the postaxial
border.
Distortion.—Although the Parahio Formation limestones
have been more resistant to tectonic deformation than the
shales, the influence of tectonism on specimen shape is evident
(Fig. 51.2–51.5).
Discussion.—Based on large collections from the type region
of Neoanomocarella asiatica in northwestern Hunan, Peng et
al. (2004b) suppressed Neoanomocarella hunanensis Yang in
Zhou et al., 1977 (p. 183, pl. 54, fig. 5), N. quadrata Rong and
Yang in Zhou et al., 1977 (p. 183, pl. 54, figs. 6–7), N. brevis
Qiu in Qiu et al., 1983 (p. 158, pl. 50, fig. 11), N. elongata Qiu
in Qiu et al., 1983 (p. 158, pl. 51, figs. 7, 8) and N. intermedia
Peng, 1987 (p. 99, 100, pl. 8, figs. 4–6).
Our specimens from Zanskar can be assigned to Neoanomocarella asiatica with great confidence because the species is
very distinctive and the Zanskari material conforms to the
specimens from western and northwestern Hunan in all
characteristics.
Occurrence.—From limestones 36.05 m (KU5, KU6, and
KU7 collections) and 36.55 m (KU4 collection) above the
base of the Kuru 1 section opposite Kuru, Zanskar, Teta
Member, Karsha Formation; Guzhangian Stage, Lejopyge
acantha Zone. In South China and Kazakhstan, it occurs in
the lower part of the Proagnostus bulbus Zone through the
lowermost part of the Glyptagnostus reticulatus Zone; Guzhangian and lower Paibian stages.
Family SOLENOPLEURIDAE Angelin, 1854
Genus SOLENOPARIA Kobayashi, 1935
Type species.—Ptychoparia (Liostracus) toxeus Walcott,
1905, from the Hsuchuang Formation, near Zhangxia,
Changqing, Shandong, China, by original designation.
SOLENOPARIA TALINGENSIS (Dames, 1883)
Figure 52.1–52.10
Liostracus talingensis DAMES, 1883, pl. 1, fig. 20.
Ptychoparia (Liostracus) subrugosa WALCOTT, 1906, p. 592;
1913, p. 205, pl. 19, fig. 12.
Ptychoparia consocialis REED, 1910 (in part), p. 24, pl. 2, figs.
17, 18, 20, 21 [non pl. 2, fig. 19].
Elrathia? perconvexa RESSER AND ENDO in Endo and Resser,
1937, p. 221, pl. 47, figs. 30, 31; LU ET AL., 1965, p. 147, pl.
24, fig. 5.
Ptychoparia talingensis (Dames); KOBAYASHI, 1937, p. 432–
433, pl. 17, fig. 11; LU ET AL., 1965, p. 125, pl. 20, fig. 1.
Solenoparia subrugosa (Walcott); LU ET AL., 1965, p. 204, pl.
35, fig. 14.
Ptychoparia admissa REED, 1910; KOBAYASHI, 1967, p. 487.
Solenoparia (Kaipingella) talingensis (Dames); SCHRANK,
1976, p. 904, pl. 5, figs. 5, 6; pl. 6, figs. 1, 2.
Solenoparia talingensis (Dames); ZHANG AND JELL, 1987,
p. 89–90, pl. 39, figs. 9, 10; pl. 40, figs. 1, 2; JELL AND
HUGHES, 1997, p. 56, pl. 15, figs. 1–8.
New material.—Seven cranidia, WIHGF470, WIHGF505,
WIHGF508, WIHGF519.1, WIHGF519.2, WIHGF525.1,
WIHGF525.2.
Discussion.—Reed’s (1910) description of the Himalayan
specimens transferred to Solenoparia talingensis by Jell and
Hughes (1997) was based on shale materials that are
tectonically deformed but was correct in morphological
details. New material comprising limestone specimens from
the same section provides no important additional information but confirms Jell and Hughes’s (1997) reassignment for
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FIGURE 57—?Iranoleesia butes (Walcott, 1905) from shale collected
from the south side of the Parahio River on slopes above the east bank of
the Sumna River above the confluence with the Parahio River (PO10
collection), estimated to be at about the 1050 m level in the section on the
north side of the Parahio River section, Parahio Formation, Spiti region,
and from shales collected at 501.39 m (PI19 collection), 502.04 m (PI16
collection) and 504.04 m (PI21 collection) above base of Purni Valley
section 3, Parahio Formation, on east side of Tsarap River, south of
Phuktal Gompa, Zanskar Valley. Specimens darkened with India ink and
coated with magnesium oxide prior to photography. All holaspid. 1–4,
cranidia: 1, WIHGF299, PO10, 35; 2, WIHGF1043, PI21, 33.75; 3,
WIHGF622, PI16, 38.75; 4, WIHGF858, PI19, 33.25; 5, pygidium,
WIHGF296.1, PO10 37.5; 6, pygidium, WIHGF302, PO10, 35.75.

the well-preserved specimens. The new material is characterized by high cranidial convexity, a conical to urceolate glabella
with weak lateral furrows, a notably convex anterior border
that is of subequal length to the preglabellar field, a shorter,
subcentrally placed palpebral lobe, and fine granulation. All
these cranidial features conform to those of Dames’s (1883)
type and Walcott’s (1913) additional specimens of Solenoparia
talingensis from Liaoning, China.
Occurrence.—From limestones collected on the south side
of the Parahio River on slopes just west of confluence of the
Sumna River with Parahio River (PO13 collection), estimated
to be at about the 836 m level in the section on the north side
of the Parahio River section, Spiti region, Parahio Formation,
Oryctocephalus salteri Zone, informal global Stage 5 of the
Cambrian System. In China, Solenoparia talingensis occurs in
the upper Hsuchuang and lower Changhian formations in
Liaoning and Shandong provinces.
SOLENOPARIA sp. cf. S. SHANXIENSIS Zhang and Wang, 1985
Figure 52.11–52.16
cf. Solenoparia (Kaipingella) shanxiensis ZHANG AND WANG,
1985, p. 381–382, pl. 116, figs. 1–3.
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Lectotype for Solenoparia shanxiensis.—The ‘‘holotype’’ of
Zhang and Wang (1985, pl. 116, fig. 1) bears two cranidia. Of
these, the right cranidium is selected as lectotype herein.
New material.—Three cranidia (WIHGF377, WIHGF387,
WIHGF391).
Description.—Cranidium subquadrate, slightly wider than
long. Glabella conical, notably convex with obscure sagittal
keel, acutely rounded anteriorly, length about 0.75 cranidial
length; 3 pairs of lateral furrows: S1 shallow or weakly incised;
S2 weak or an obscure impression; S3 obscure; occipital
furrow nearly transverse, weakly defined medially, deepened
at sides; occipital ring crescentic, extending sagittally into a
short occipital spine. Anterior border short, notably convex,
moderately arched forward; anterior border furrow shallow
medially, markedly deeper abaxially; preglabellar field gently
convex, equal to or slightly longer than anterior border, eye
ridge weak, straight, divergent rearward at an angle of 140
degrees; palpebral lobe small, opposite centre of cranidium;
Preocular field shorter than preglabellar field, strongly downsloping forward and outward; palpebral area about half
glabellar width at L1. Anterior branch of facial suture runs
subparallel to sagittal line; posterior branch divergent
diagonally, enclosing a subtriangular posterolateral projection; posterior border furrow broad and deep, defined a
narrow, ridge-like posterior border.
Both external and internal surfaces with punctate ornament.
Discussion.—The occipital spine recalls Solenoparia shanxiensis from the Changhia Formation of Shanxi, China.
Although the lectotype of S. shanxiensis has a less arched
anterior border, the condition seen in the Himalayan material
mimics one specimen in the type suite (Zhang and Wang, 1985,
pl. 116, fig. 3). Also, the shape of the glabella, the anterior
border/preglabellar field proportions, and the proportional
width of the fixigena of the Himalayan specimens are also
within the range of variation of S. shanxiensis. However, the
Indian species is distinguished by its keeled glabella and
punctate as opposed to granulate surface ornamentation.
Occurrence.—From limestones collected on the south side
of the Parahio River on slopes just west of confluence of the
Sumna River with Parahio River (PO12 collection), estimated
to be at about the 836 m level in the section on the north side
of the Parahio River section, Spiti region, Himachal Pradesh.
Parahio Formation, Oryctocephalus salteri Zone, informal
global Stage 5 of the Cambrian System.
Genus CHANGQINGIA Lu and Zhu in Qiu at al., 1983
Changqingia LU AND ZHU in Qiu at al., 1983, p. 104; ZAN,
1992, p. 253; PENG, BABCOCK AND LIN, 2004b, p. 144 (see
for synonymy); YUAN AND LI, 2008, p 110.
Austrasinia ZHANG AND JELL, 1987, p. 91–92; ZHANG, XIANG,
LIU AND MONG, 1995, p. 67; YUAN AND LI, 2008, p 109.
Type species.—Changqingia shandongensis Lu and Zhu in
Qiu at al., 1983, from the Changhia Formation, near Gushan,
Tai’an, Shandong, China, by original designation.
Discussion.—Peng et al. (1995, p. 291) synonymized Austrosinia Zhang and Jell, 1987 as a junior synonym of
Changqingia but did not realize that Zan (1992) had already
made the same suppression. This synonymy was followed by
Peng et al. (2004b) and also followed here. Peng et al. (1995)
described the first Changqingia from South China, transferred
all the species referred to Austrosinia by Zhang and Jell (1987)
from North China to the genus and reassigned Solenoparia
lata Ivshin (1953, p. 102, pl. 7. figs. 1–3, 5–8, 15) and all the
paratypes of Solenoparia soaves Ivshin (1953, p. 109, pl. 7.
figs. 21) from Kazakhstan to the genus. A single cranidium
from Spiti extends further the geographical distribution of the
genus to India.
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AL., 1963, p. 28–29; LU, CHU AND CHIEN, 1963, p. 97–98;
LU ET AL., 1965, p. 283–284; LUO, 1974, p. 643–644; NAN,
1976, p. 336–337; 1980, p. 497; ZHOU, LIU, MONG AND
SUN, 1977, p. 177; LEE, 1978, p. 222; YIN AND LI, 1978,
p. 496; ZHANG, LIN, WU AND YUAN, 1980, p. 68; ZHOU, LI
AND QU, 1982, p. 251; QIU ET AL., 1983, p. 138; ZHANG AND
WANG, 1985, p. 414; ZHANG AND JELL, 1987, p. 142; ZHU,
1992, p. 346–347; GUO, ZAN AND LUO, 1996, p. 75; LU AND
ZHU, 2001, p. 286; PENG, BABCOCK AND LIN, 2004b, p. 22;
DUAN ET AL., 2005, p. 158; YUAN, LI AND ZHAO, 2008,

FIGURE 59—Indet. cranidia from Cambrian of Parahio and Zanskar
valleys. Specimens darkened with India ink and coated with magnesium
oxide prior to photography. From limestone collected 78.07 m above base
of Parahio Valley section (PO3 collection) on north side of Parahio River,
Parahio Formation, Spiti region and in limestones collected at 36.05 m
above base (KU5 and KU6 collections) above base of the Kuru 1 section
opposite Kuru, Teta Member, Karsha Formation, on the north side of the
Tsarap Lingti Chu. 1, 2, WIHGF246, PO3, 315.75: 1, dorsal view; 2,
oblique anterior right view; 3, WIHGF1034, KU6, 312.25; 4,
WIHGF822.3, KU5, 315.

Occurrence.—China (Henan, Hunan, Jiangsu, Liaoning,
Shandong), and India (Spiti), Kazakhstan (Malay Karatau).
CHANGQINGIA sp. indet.
Figure 53
Material.—One incomplete cranidium (WIGHF946).
Discussion.—The subconical glabella with distinct lateral
glabellar furrows and short preglabellar field permits placement of this cranidium in Changqingia, but a specific
assignment is difficult because of its poor and incomplete
preservation.
Occurrence.—From carbonate sandstone collected at about
776 m above the base of the Parahio Valley section (PO25
collection) on north side of Parahio River, Spiti region,
Parahio Formation, Paramecephalus defossus Zone, informal
global Stage 5 of the Cambrian System.
Family PROASAPHISCIDAE Chang, 1963
Genus PROASAPHISCUS Resser and Endo in Kobayashi, 1935
Proasaphiscus RESSER AND ENDO in Kobayashi, 1935, p. 287;
RESSER AND ENDO in Resser and Endo, 1937, p. 256–257;
DZEVANOVSKY AND CHERNYSHEVA, 1950, p. 30; HOWELL in
Harrington et al., 1959, p. 292; BALASHOVA, IVSHIN AND
CHERNYSHEVA in Chernysheva, 1960, p. 96; CHERNYSHEVA,
1961, p. 212–214; KOBAYASHI, 1962, p. 97–98; EGOROVA ET

p. 87.
Proasaphiscus (Proasaphiscus) RESSER AND ENDO in Kobayashi; CHANG, 1959, p. 204–205; YUAN, LI AND ZHAO, 2008,
p. 87.
Proasaphiscus (Honanaspis) CHANG, 1959, p. 204–205;
ZHANG AND JELL, 1987, p. 150; GUO, ZAN AND LUO,
1996, p. 77; PENG, BABCOCK AND LIN, 2004b, p. 23; YUAN,
LI AND ZHAO, 2008, p. 87.
Honanaspis CHANG, 1959, p. 204–205, 226–227; LU ET AL.,
1965, p. 285; ZHOU, LIU, MONG AND SUN, 1977, p. 178;
YIN AND LI, 1978, p. 498; NAN, 1980, p. 497; ZHANG, LIN,
WU AND YUAN, 1980b, p. 69; QIU ET AL., 1983, p. 140–141;
ZHANG AND WANG, 1985, p. 418–419; ZHU, 1992, p. 347;
LU AND ZHU, 2001, p. 285.
Type species.—Proasaphiscus yabei Resser and Endo in
Kobayashi, 1935 from the Hsuchuang Formation, near
Yantai, Liaoning; by original designation.
Other species.—Anomocare? butes Walcott, 1905 (Walcott,
1913, p. 199, pl. 19, figs. 7, 7a–d), from the Hsuchuang
Formation, near Yanzhuang (Yenchuang), Xintai, Shandong
[see discussion under ?Iranoleesia butes (Walcott, 1905)];
Anomocare decelus Walcott, 1905 (Walcott, 1913 as Coosia
decelus, p. 212, pl. 21, fig. 8) from the Hsuchuang Formation,
near Yanzhuang (Yenchuang), Xintai, Shandong; Proasaphiscus tenes Walcott, 1905 (Walcott, 1913, p. 207, pl. 21, fig. 4),
from the Hsuchuang Formation, near Zhangxia (Changia),
Shandong; Ptychoparia nereis Walcott, 1906 (Walcott, 1913 as
Anomocare nereis, p. 193, pl. 18, fig. 10) from the Changhia
Formation, near Fannglanzhen, Shanxi; Dolichometopus hyrie
Walcott, 1906 (Walcott, 1913, p. 218, pl. 22, figs. 6, 6a, b),
from the Kichou Formation, near Fannglanzhen, Shanxi;
Conokephalina termieri Mansuy, 1916 (p. 26, pl. 4, fig. 1a–d)
[5C. latifrons Mansuy, 1916], from the middle Cambrian,
Tienfong, Vietnam; Asaphiscus suni Resser and Endo in Endo
and Resser, 1937 (p. 182, pl. 37, figs. 11–14), from the
Changhia Formation, Jinxian, Liaoning; Manchuriella angustilimbata Resser and Endo in Endo and Resser, 1937 (p. 248,
pl. 41, figs. 9–16) from the Hsuchuang Formation, near
Huolianzhai, Liaoning; Proasaphiscus liaoyangensis Resser
and Endo in Endo and Resser, 1937 (p. 259, pl. 41, figs. 1–4)
from the Hsuchuang Formation, Liaoyang, Liaoning; Proasaphiscus paotaiensis Resser and Endo in Endo and Resser,
1937 (p. 261, pl. 37, figs. 25–27) from the Changhia
Formation, near Pulangian, Liaoning; Proasaphiscus poulseni
Resser and Endo in Endo and Resser, 1937 (p. 264, pl. 47, figs.
32, 33) from the Changhia Formation, Liaoyang, Liaoning;

r
FIGURE 58—Sudanomocarina sinindica n. sp. from shales collected at 500.32 m (PI14 collection), 501.39 m (PI19 collection), 502.04 m (PI16
collection) and 504.04 m (PI21 collection) above base of Purni Valley section 3, Parahio Formation, on east side of Tsarap River, south of Phuktal
Gompa, Zanskar valley. Specimens darkened with India ink and coated with magnesium oxide prior to photography. All holaspid. 1, cranidium,
WIHGF792B.1, PI19, 35.25; 2, 3, cranidium, WIHGF820.1, PI21, 35.25: 2, original; 3, retrodeformation with inferred strain ellipse shown; 4, right
librigena, WIHGF857, PI19, 35.75; 5, left librigena, WIHGF792B.2, PI19, 36.75; 6, cranidium, WIHGF866, PI21, 36.25; 7, cranidium, WIHGF792A,
PI19, 33.25; 8, cranidium, WIHGF573.1, PI14, 34.25; 9, left librigena, WIHGF573.2, PI14, 32.5; 10, cranidium, WIHGF587.2, PI14, 33.75; 11,
pygidium, WIHGF843, PI19, 34.75; 12, cranidium, WIHGF580, PI14, 34; 13, pygidium, WIHGF873.1, PI21, 38; 14, fragment of pygidium,
WIHGF840, PI19, 35.5; 15, fragment of left posterior border of cranidium, thorax of nine segments, and pygidium, WIHGF875, PI21, 35; 16,
pygidium, WIHGF853, PI19, 35.25; 17, pygidium, WIHGF861.1, PI21, 35.75.
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FIGURE 60—Indet. non-cranidial sclerites from Cambrian of Parahio and Zanskar valleys. Specimens darkened with India ink and coated with
magnesium oxide prior to photography. From limestone collected 78.07 m above base of Parahio Valley section (PO3 collection) on north side of
Parahio River, Parahio Formation, Spiti region; south side of Parahio River on slopes just west of confluence of the Sumna River with Parahio River
(PO14 collection), estimated to be at about the 835 m level in the section on the north side; limestone at 765.14 m (PO21 collection) on north side of
Parahio River, Parahio Formation; south side of Parahio River on slopes just west of confluence of the Sumna River with Parahio River (PO11 and
PO12 collections), estimated to be at about the 835 m level in the section on the north side; limestone at 836.36 m (PO31 collection) on north side of
Parahio River, Parahio Formation and shales at about level of 1050 m in Parahio Valley section (PO10 collection). 1–3, 8, 13, pygidia; 4, 9, 10, 14, 15,
hypostomes; 6, 7, 11, 12 liberigenae. 1, ?meraspid pygidium with the last thoracic segment attached, WIHGF829.3, KU5, 317.75; 2, WIHGF829.2,
KU5, 311; 3, WIHGF321.3, KU5, 3 8; 13, WIHGF709, PO31, 39; 4, WIHGF951, PO21, 39; 5, WIHGF315, posterior section of trunk, PO12, 36.5;
6, right librigena, WIHGF235, PO3, 37; 7, right librigena, WIHGF268, PO3, 39.5; 8, WIHGF243A, PO3, 36.25; 9, WIHGF225B, PO3, 320; 10,
WIHGF205A.2, PO3, 312.75; 11, 12, left librigena, WIHGF739, KU7, 33.25; 11, left librigena with white box showing detail magnified in 12; 14,
WIHGF332, PO11, 317.5; 15, WIHGF296.2, PO10, 311.5.

Proasaphiscus pertenuis Resser and Endo in Endo and Resser,
1937 (p. 266, pl. 48, fig. 17) from the Changhia Formation,
Liaoyang, Liaoning; Proasaphiscus tenellus Resser and Endo
in Endo and Resser, 1937 (p. 266, pl. 48, fig. 16) from the
Changhia Formation, near Paotai, Liaoning; Proasaphiscus?

tschanghsingensis Resser and Endo in Endo and Resser, 1937
(p. 261, pl. 38, fig. 19, not 20), from the Changhia Formation,
Changxingdao Island, Liaoning; Proasaphiscus mahcidai Endo
in Endo and Resser, 1937 (p. 352–353, pl. 59, fig. 15; pl. 60,
figs. 22, 23) from the Huschuang Formation, near Huolianz-
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hai, Liaoning; Proasaphiscus sibiricus Chernysheva, in Dzevanovsky and Chernysheva, 1950 (p. 33, pl. 2, figs. 11–13; textfig. 2), from the Amgan Stage, southwestern and eastern
Siberia; Proasaphiscus (Honanaspis) honanaspis Chang, 1959
(p. 205, pl. 3, figs. 1–4; text-fig. 24) from the Bailiella Zone,
Hsuchuangian Formation, Dengfeng, Henan; Proasaphiscus
(Honanaspis) lui Chang, 1959 (p. 206–207, pl. 3, fig. 6; textfig. 25) from the Bailiella Zone, Hsuchuangian Formation,
Dengfeng, Henan; Proasaphiscus ludianensis Mong in Zhou et
al., 1977 (p. 177, pl. 52, fig. 7) from the Hsuchuang
Formation, Dengfeng, Henan; Proasaphiscus lushanensis
Mong in Zhou et al., 1977 (p. 177, pl. 52, fig. 11) from
Hsuchuang Formation, near Lushan, Henan; Proasaphiscus
shechangensis Zhou in Zhou et al., 1977 (p. 178, pl. 52, fig. 10)
from the middle Cambrian, Longlin, Guangxi; Proasaphiscus
wuzhilingensis Mong in Zhou et al., 1977 (p. 178, pl. 52, fig.
12) from the Hsuchuang Formation, Dengfeng, Henan;
Proasaphiscus intermedius Yin in Yin and Li, 1978 (p. 496–
497, pl. 167, figs. 5–6) from the Shilengshui Formation, Meitan,
Guizhou; Proasaphiscus quadratus Wu and Lin in Zhang et al.,
1980b (p. 68–69, pl. 6, figs. 13, 14) from the Changhia
Formation, Ruicheng, Shanxi; Honanaspis angustigenatus Wu
and Lin in Zhang et al., 1980b (p. 70, pl. 7, fig. 7), from the
Hsuchuang Formation, Ruicheng, Shanxi; Honanaspis transversus Wu and Lin in Zhang et al., 1980b (p. 70, pl. 7, figs. 8, 9)
from the Hsuchuang Formation, Ruicheng, Shanxi; Proasaphiscus hulusitaiensis Zhou in Zhou et al., 1982 (p. 251, pl. 63,
figs. 2, 3) from the Changhai Formation, Left Alashan Benner,
Inner Mongolia; Proasaphiscus yangchengensis Zhang and
Wang, 1985 (p. 415, pl. 124, fig. 9) from the Changhia
Formation, Yangcheng, Shanxi; Proasaphiscus elongatus Zhang
and Wang, 1985 (p. 415–416, pl. 124, fig. 7) from the
Hsuchuang Formation, Hoxian, Shanxi; Proasaphiscus huoshanensis Zhang and Wang, 1985 (p. 416, pl. 124, fig. 6) from the
Changhia Formation, Hongtong, Shanxi; Proasaphiscus hongtongensis Zhang and Wang, 1985 (p. 417, pl. 124, fig. 8) from
the Changhia Formation, Hoxian, Shanxi; Proasaphiscus
changchengensis Zhang and Wang, 1985 (p. 417, pl. 124, figs.
11–13) from the Changhia Formation, Xinglong, Hebei;
Proasaphiscus hejinensis Zhang and Wang, 1985 (p. 417–418,
pl. 124, figs. 10) from the Changhia Formation, Hejin, Shanxi;
Proasaphiscus huolianzhaiensis Guo and Zan in Guo et al., 1996
(p. 77, pl. 31, figs. 13, 14) from the Poriagraulos Zone, near
Benxi, Liaoning; Proasaphiscus tubercular is Guo and Zan in
Guo et al., 1996 (p. 77, pl. 30, figs. 13–17) from the Poriagraulos
Zone, Hsuchuangian Stage, Fuxian and Jinxian, Liaoning, and
Proasaphiscus simoni.
Species questionably assigned include: Proasaphiscus? pyriformis Resser and Endo in Endo and Resser, 1937 (p. 263, pl.
48, fig. 35) from the Changhia Formation, near Yantai,
Liaoning; P. huoliensis Endo in Endo and Resser, 1937
(p. 353, pl. 59, fig. 16); Proasaphiscus nanchuanensis Lee 1978
(p. 222–223, pl. 97, figs. 16, 17) from the Gaotai Formation,
near Nanchuang, Sichuang; Proasaphiscus sp. sensu Zhang et
al., 1980b (p. 69, pl. 7, fig. 4) from the Changhia Formation,
Ruicheng, Shanxi; Proasaphiscus zhongyangensis Zhang and
Wang, 1985 (p. 416, pl. 124, fig. 5) from the Hsuchuang
Formation, Zhongyang, Shanxi; Proasaphiscus? sp., sensu
Zhang and Jell, 1987 (p. 150, pl. 64, fig. 1) Changhia
Formation, Changxingdao Island, Liaoning; Proasaphiscus
pingdingensis Zhang and Wang, 1985 (p. 414–415, pl. 124, fig.
4), from the Changhia Formation, Pingding, Shanxi.
Luo (1974) tentatively transferred Conokephalina termieri and
C. tienfongensis, both described by Mansuy (1916), to Proasaphiscus, of which the former is here regarded as a valid species of
this genus while the latter remains questionably assigned.
Zhang and Jell (1987) suppressed Proasaphiscus affluens as a
junior synonym of P. butes and we regard P. xiphacanthus
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Zhou in Zhou et al., 1982 as a junior synonym of
Proasaphiscus honanensis Chang, 1959. Proasaphiscus centronatus Resser and Endo, P. conoideus Resser and Endo and P.
planus Resser and Endo (all in Endo and Resser 1937) have
been transferred to Szeaspis by Chang (1959) and Zhang and
Jell, 1987). Proasaphiscus foraminulatus Guo and Zan in Guo
et al., 1996 is also referable to Szeaspis.
Diagnosis.—Proasaphiscid of low convexity with thorax
comprising 11–13 segments, and pygidium moderately smaller
than cephalon. Glabella subrectangular with truncate front;
anterior cranidial area with flat or slightly convex anterior
border and preglabellar field that is subequal in length to
anterior border; palpebral lobe accurate, moderate in size,
posteriorly placed; palpebral area narrow to moderately wide;
librigena with flat and fairly wide lateral border and broadlybase genal spine; thoracic segments with variably long pleural
spines strongly curved rearward; pygidium with broad,
obscure border furrow defined by change of slope; moderately
long axis with or without short postaxial ridge; pygidial
pleural furrows faint to firmly impressed, extending onto or
across border furrow.
Discussion.—Zhang and Jell’s (1987) generic diagnosis is
modified to include species with 11 to 13 thoracic segments in
the holaspid phase. Chang (1959, p. 207, 236) erected the
subgenus Proasaphiscus (Honanaspis) that differs from P.
(Proasaphiscus) ‘‘in the relatively shorter palpebral lobe, 13
(rather than 11) thoracic segments, shorter pleural spines of
thorax and relatively small pygidium.’’ Subsequently, he (in
Lu et al., 1965) elevated it generic rank this assignment was
followed by number of Chinese authors. In 1987, the same
author, in collaboration with P.A. Jell (Zhang and Jell, 1987)
reinstated subgeneric classification for Honanaspis but gave no
reasons. We prefer to abandon the subgenus and use a broader
generic concept, because Chang (1959) provided no characters
by which to consistently group species into Honanaspis. Its
features are shared by many species of Proasaphiscus. On the
other hand, the variable size of the palpebral lobe, the size of
thoracic pleural spines, and the proportional size of the
pygidium are commonly regarded as of specific significance
only. As mentioned above, species currently assigned to
Proasaphiscus bear 11, 12, or 13 thoracic segments, and using
this as a subgeneric assignment criterion does not appear to be
useful, given conflict with other characters. As figured recently
by Guo et al. (1996, pl. 29, figs. 2–13), specimens from a single
collection, which are identical in all respects other than the
number of thoracic segments, were assigned respectively to
Proasaphiscus yabei and Honanaspis machidi. We consider
that this difference in the number of thoracic segments may be
due either to ontogeny or, more likely, to intraspecific
variation in holaspid segment number (see Hughes et al.,
1999). Each species has one exoskeleton available in the
collection (Guo et al., 1996, pl. 29, figs. 9, 12), and
measurements indicate that the exoskeleton assigned to
Proasaphiscus yabei is 30 mm long and bears 11 thoracic
segments whereas the exoskeleton assigned to Honanaspis
machidai is 34 mm long and has 13 thoracic segments. In
addition, Proasaphiscus termieri (Mansuy, 1916) is known to
have a thorax with 12 segments.
Occurrence.—China, Siberia, Vietnam, and India; ranges
from informal global Stage 4 to the Drumian Stage.
PROASAPHISCUS SIMONI new species
Figures 54, 55
Etymology.—In honor of Dr. Simon M. Hughes, brother
and prime mentor in scientific adventure.
Types.—The holotype (Fig. 54.9, 54.10, 54.13) is a cranidium (WIHGF600). Paratypes include nine cranidia
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(WIHGF158, WIHGF164.1, WIHGF586, WIHGF593,
WIHGF596, WIHGF599, WIHGF600, WIHGF603, WIHGF
614), two librigenae (WIHGF873.3, WIHGF599.2), and six
pygidia
(WIHGF164.2,
WIHGF169.1,
WIHGF595,
WIHGF592, WIHGF599.2, WIHGF1041).
Diagnosis.—Species of Proasaphiscus with cranidium longer
than wide; glabella of low convexity; anterior cranidial border
longer (sag.) than preglabellar field; axial furrow shallowly
impressed; occipital ring shorter laterally; anterior branch of
facial suture encloses a rounded anterolateral cranidial corner.
Librigena with relatively wide lateral and posterior border.
Axis about two-thirds of pygidial length with obtusely
rounded end.
Description.—Cranidium longer than wide at level of
palpebral lobe, gently convex, broadly rounded anteriorly.
Glabella subrectangular, notably effaced, gently tapering
forward, with straight or slightly concave sides, sides parallel
to sagittal axis in anteriormost glabella, rounded anterolateral
corner and truncated front, occupying about two-thirds of
cranidial length; three pairs of shallow lateral glabellar
furrows; S1 obscurely bifurcate; S2 at mid-point of glabella,
S2 and S3 almost obsolete; occipital furrow shallow,
transverse; occipital ring slightly shorter (sag.) than S1,
narrowing abaxially to form transverse-subtriangular outline,
median node clear with good preservation; eye ridge narrow,
short, straight, weakly defined, anterior end notably posterior
to anterior corner of glabella; palpebral area arcuate, narrow,
slightly raised, poorly defined by palpebral furrow on external
surface but well defined on internal surface, palpebral area
about half as wide as glabella; palpebral lobe long, about 0.5–
0.6 glabellar length; anterior border long (sag.), flat and gently
upturned anteriorly; preglabellar field flat, shorter than
anterior border; anterior border furrow moderately incised
in smaller specimens, weakly incised in large specimens but
sharply defined by break of slope; preocular area flat, sloping
downward gently. Anterior branch of facial suture diverging
forward slightly at about 15 degrees to sagittal axis, curving
inward after crossing border furrow to cut anterior border in a
smoothly convex curvature; posterior branch gently sigmoidal,
enclosing narrow (exs.), blade-like posterolateral projection;
posterior border furrow broad, well impressed; posterior
border narrow (exs.), gently convex.
Librigena with gently convex genal field and broad-based
genal spine; lateral border flat, about half as wide (tr.) as genal
field; posterior border narrow (tr.), length equal to the width
of anterior border; lateral and posterior border furrows
shallow and broad, merging at genal angle and extending
into genal spine as faint impression.
Pygidium subelliptical in outline, length about 0.6 width.
Axis strongly convex, occupying 0.60–0.85 of pygidial length,
bearing 3 weakly defined rings and a posteriorly rounded
terminal piece extending to a short, broad postaxial ridge.
Pleural field gently convex, with 3 pleurae bearing clearly
defined pleural furrow, defined by faint interpleural furrows.
Border narrow or absent, doublure wide.
Discussion.—Most of species assigned to Proasaphiscus (s.
l.) are wider than the new species in cranidial proportion,
except for Proasaphiscus yabei Resser and Endo, the type
species, P. tenes (Walcott), P. tenellus Resser and Endo, 1937;
P. tschanghsingensis Resser and Endo, 1937; P. honanensis
Chang, 1959, P. angustigenatus Wu and Lin in Zhang et al.,
1980b, and P. elongatus Zhang and Wang, 1982. The new
species differs from P. yabei (in Kobayashi, 1935, pl. 24, fig.
16) in having a proportionally wider anterior cranidial border,
more effaced axial, occipital and palpebral furrows, and a
narrower and relatively longer eye ridge. Proasaphiscus
tschanghsingensis (in Endo and Resser, 1937, pl. 37, fig. 25)
differs in having a glabella that is more convex and bears a

more deeply impressed S1, and an anterior branch of the facial
suture that is nearly parallel to the sagittal axis. Proasaphiscus
tenes (Walcott, 1913, pl. 21, fig. 4; also Zhang and Jell, 1987,
pl. 58, fig. 13) is known only from fragmentary material, but
seems more similar to the new species. However, it has a
relatively shorter and narrower palpebral lobe, a firmly incised
rather than faint palpebral furrow, a much narrower (tr.)
palpebral area, and likely a shorter anterior cranidial area.
Proasaphiscus tenellus (in Endo and Resser, 1937, pl. 48, fig.
16) differs in having a larger palpebral lobe, a proportionally
shorter anterior area of the fixigena with a subequally wide
(sag.) anterior border and preglabellar field and a obtusely
angled anterolateral corner of the cranidium; P. honanensis
(Zhang, 1959, pl. 3, figs. 1–4) differs in having a less tapered
glabella and less divergent anterior branches of the facial
suture. Proasaphiscus angustigenatus (in Zhang et al., 1980b,
pl. 7, fig. 7) has a more convex glabella defined by a deeper
axial furrow, and a palpebral area that is strongly inclined
inward. Finally, P. elongatus (Zhang and Wang, 1982, pl. 124,
fig. 7) is easily differentiated by its shorter anterior cranidial
area that has a proportionally much shorter (sag.) anterior
border, a glabella with a more rounded front, and a shorter
palpebral lobe.
Occurrence.—In siltstones from 500.32 m (PI14 collection)
and 501.72 m (PI15 collection) above the base of Purni Valley
section 3, Parahio Formation, on the east side of Tsarap
River, south of Phuktal Gompa, Zanskar Valley, Sudanomocarina sinindica Zone, informal global Stage 5 of the Cambrian
System (or middle Taijiangian Stage as used in South China).
Genus HUNDWARELLA Reed, 1934
Type species.—Hundwarella personata Reed, 1934 [5Ptychoparia (Conocephalites) memor Reed, 1910], from the
middle Cambrian of Kashmir, by original designation.
HUNDWARELLA MEMOR (Reed, 1910)
Figure 56
Ptychoparia (Conocephalites) memor REED, 1910, p. 31, pl. 4,
figs. 4, 5.
Hundwarella memor (Reed); JELL AND HUGHES, 1997, p. 74–
80, pl. 19, figs. 3–13; pl. 20, figs. 1–12; pl. 21, figs. 1–10; pl.
22, figs. 1, 2) (see for synonymy).
New material.—Two tectonized cranidia (WIHGF697,
WIHGF699.4).
Discussion.—Representatives of this species were reassigned
to several different genera by Kobayashi (1934, 1955, 1962,
1987) on the basis of morphological differences that may have
been induced by tectonism. Jell and Hughes (1997) recognized
Hundwarella Reed, 1934 and Iranoleesia King, 1955 as
separate genera and transferred the species to Hundwarella.
We follow Jell and Hughes’s (1997) reassignment.
The cranidia in the new material are collected from what we
interpret to be Hayden’s Horizon 9 in the type locality in the
Parahio Valley, Spiti. Unfortunately, their preservation is of
equivalent quality to the type material and that from Kashmir
(see Jell and Hughes, 1997). Within the limits of morphological analysis possible using strongly deformed material, we see
no basis upon which to distinguish these new finds from
material previously assigned to Hundwarella memor. They
share the large palpebral lobe, the longer anterior cranidial
area, and the subrectangular glabella. These features suggest a
confident assignment of this topotype material to this species.
Our new specimens offer no additional taxonomic insights,
but we now consider that the specimens with GSI repository
numbers 15618, 15611, 15612, and 15609 (Jell and Hughes,
1997, pl. 20, figs. 4, 6, 7–8, and 10–11 respectively) from the
Rainawari footpath locality in Kashmir and assigned therein
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to H. memor, likely belong to a different species based on their
wider fixigenae and longer (sag.) anterior border.
Occurrence.—From shale at 836.41 m (PO26 collection) in
section on the north side of the Parahio River, Spiti region,
Parahio Formation, Oryctocephalus salteri Zone, informal
global Stage 5 of the Cambrian System.
Genus IRANOLEESIA King, 1955
Type species.—Irania pisiformis King, 1937, from the Mila
Formation, Ma’dan, north-west of Shraz, Iran, by original
designation.
? IRANOLEESIA BUTES (Walcott, 1905)
Figure 57
? Anomocare? butes WALCOTT, 1905, p. 49.
? Anomocarella butes (Walcott); WALCOTT, 1913, p. 199, pl.
19, figs. 7,
7a–d.
Iranoleesia butes (Walcott); JELL AND HUGHES, 1997, p. 82–
88, pl. 22, figs. 3–10; pl. 23, figs. 1–7; pl. 24, figs. 1–8; pl. 25,
figs. 1–4, ?7–11) (see for synonymy).
New material.—Four cranidia (WIHGF299, WIHGF622,
WIHGF858, WIHGF1043), and two pygidia (WIHGF296.1,
WIHGF302).
Discussion.—Jell and Hughes (1997) placed a number of
species from China and from Spiti and Kashmir, India in
synonymy with Anomocare? butes and transferred the species
to Iranoleesia. This Chinese species had been previously
classified with Proasaphiscus by Lu et al. (1965) and Zhang
and Jell (1987), and the latter co-authors selected a lectotype
for the species, which is an incomplete cephalon with anterior
border broken off so that the cranidium had a quadrate
outline. In our opinion, the lectotype is more similar to
Proasaphiscus than to Iranoleesia. King’s (1937) type of the
type species of Iranoleesia, I. pisiformis, was restudied by
Fortey and Rushton (1976, pl. 9, figs. 6, 8–10, 12) with
additional material from the Alborz Mountains, Iran. More
material of the type species from the Alborz Mountains was
studied by Wittke (1984, pl. 1, figs. 1–11; text-fig. 2) and by
Peng et al., (1999, figs. 18.1–18.17). This information, when
compared with a large Chinese collection of Anomocare? butes
(Zhang and Jell, 1987, pl. 39, fig. 12; pl. 55, fig. 6; pl. 56, figs.
4–8; pl. 57, figs. 1–13; pl. 58, figs. 1–4), shows a number
features that suggest that the Chinese material is not
congeneric with Iranoleesia. These features include an elongate
rather than transverse cranidial outline, a rounded rather than
straight or forward concave anterior margin of the glabella, a
narrower fixigena, a non-plectrum-bearing anterior cranidial
border, a medially obscured anterior cranidial border, a
strongly rather than gently arched palpebral lobe, a long,
elliptical rather than transverse pygidium with a short rather
than long axis and curved rather than almost straight pleural
and interpleural furrows.
On the other hand, Jell and Hughes (1997) noted that the
specimens they assigned to Iranoleesia butes likely encompassed more than a single species, even though they were
unable to discriminate them with confidence. We agree with
that opinion and also suggest that for most of the Indian
specimens, assignment to butes is questionable. The Indian
specimens are more similar to Iranoleesia pisiformis in having a
relatively shorter and less arched palpebral lobe, a pygidial
axis that reaches nearly to the posterior margin and a shorter
preglabellar field. Here they are questionably assigned to
butes, which is also questionably assigned to Iranoleesia. Other
specimens include two pygidia with shorter axes and illdefined borders.
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The newly collectioned material from Spiti is conspecific
with most of the specimens assigned previously to Iranoleesia
butes by Jell and Hughes (1997). That described from near
Phuktal Gompa in Zanskar may also be.
Occurrence.—From shale collected on the south side of
Parahio River on slopes above the east bank of the Sumna
River above the confluence with the Parahio River (PO10
collection), estimated to be at about the 1050 m level in the
section on the north side of the Parahio River section,
Iranoleesia butes level, Parahio Formation, Spiti region. From
shales collected at 501.39 m (PI19 collection), 502.04 m (PI16
collection) and 504.04 m (PI21 collection) above base of Purni
Valley section 3, on east side of Tsarap River, south of
Phuktal Gompa, Zanskar Valley, Parahio Formation, Sudanomocarina sinindica Zone, informal global Stage 5 of the
Cambrian System.
Genus SUDANOMOCARINA Jell in Jell and Robison, 1978
Sudanomocarina JELL in Jell and Robison, 1978; p. 14, 15;
ZHANG AND JELL, 1987, p. 168; PENG, BABCOCK AND LIN,
2004b, p. 43; YUAN AND LI, 2008, p. 132; ZHU, 2008, p. 201.
Type species.—Sudanomocarina changi Jell in Jell and
Robison, 1978 from the Peronopsis opimus Zone, Thorntonia
area, northwestern Queensland, Australia, by original designation.
Other species.—Jell in Jell and Robison (1978, p. 14) and
Peng et al. (2004b, p. 43), listed other species assignable to
Sudanomocarina, of which Sudanomocarina sp. cf. S. changi
Jell in Jell and Robison 1978 is here reassigned as a new species
of the genus.
Discussion.—Peng et al. (2004b) discussed at length the
synonymy and relationships of three related genera, Chondranomocare, Pseudanomocarina, and Sudanomocarina. In
following Jell and Adrain (2003), they tentatively regarded
each as valid genera. Jell (in Jell and Robison, 1978) restricted
the generic concept of Pseudanomocarina to its holotype
cranidium and transferred other species assigned previously to
that genus to Sudanomocarina.
Occurrence.—Australia (Queensland), China (Liaoning,
Hunan), Russia (Siberia, Sayan Altai), and India (Spiti);
informal global Stage 4 and Drumian Age.
SUDANOMOCARINA SININDICA new species
Figure 58
Anomocarella resseri Kobayashi, 1935; KUMAR, 1998, p. 674,
pl. 1,
figs. 9, 6.
Sudanomocarina sp., PENG, BABCOCK AND LIN, 2001a (in
part), p. 101, pl. 1, fig. 7, not figs. 8, 13 [5Parayujinia
constricta PENG, BABCOCK AND LIN, 2004b].
Sudanomocarina sp. cf. S. changi JELL in Jell and Robison,
1978; PENG, BABCOCK AND LIN, 2004b, p. 44–45, pl. 18,
figs. 1–17; pl. 19, figs. 1–9. (nom. correct.).
Etymology.—After Latin Sino, China and India, India,
referring to the occurrence in both countries (and our
collaborative efforts).
Types.—A nearly complete cranidium, NIGP 138060 (Peng
et al., 2004b, pl. 17, figs. 10–13), from the Ptychagnostus
gibbus Zone, Huaqiao Formation, Wangcun, northwestern
Hunan, China, is selected as holotype. Paratypes inculde 12
cranidia, 5 librigenae and 4 pygidia, NIGP138050–138059,
138061–138069, 138681, 138682 (Peng et al., 2004b, pl. 17,
figs. 1–9, 11–17; pl. 18, figs. 1–8; pl. 78, figs. 6–8).
New material.—Seven cranidia (WIHGF573.1, WIHGF580,
WIHGF587.2, WIHGF792A, WIHGF792B.1, WIHGF820.1,
WIHGF866), three librigenae, (WIHGF573.2, WIHGF
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792B.2, WIHGF857), five pygidia or fragmentary pygidia
(WIHGF840, WIHGF843, WIHGF853, WIHGF861.1,
WIHGF873.1), fragment of left posterior border of cranidium, thorax of nine segments, and pygidium (WIHGF875).
Diagnosis.—A species of Sudanomocarina with anterior
cranidial border longer than preglabellar field, bearing a
short, broad projection-like plectrum that defines a broadly Vshaped anterior border furrow. Glabella weakly keeled; axial
furrow slightly sinuous, slightly concave or straight. Pygidium
relatively large with axis about 0.65–0.75 pygidial length;
pleural with deep pleural furrow and faint interpleural furrow.
Description.—In addition to the description of Peng et al.
(2004b, p. 45), both the Indian and Chinese cranidia bear a
weak plectrum on the posterior margin of the anterior
cranidial border, and the Indian cranidia have a possible
median suture on the cephalic doublure and a holaspid thorax
comprising 9 segments.
Discussion.—Although the material from Zanskar is preserved in shale and is flattened and distorted, cranidial
features agree well with those assigned to Sudanomocarina
sp. cf. S. changi from northwestern Hunan, South China. We
consider them to be conspecific and representatives of a new
species of Sudanomocarina. As discussed by Peng et al.
(2004b), the new species differs from Sudanomocarina changi,
the type species, in having a sinuous axial furrows, longer
(sag., exsag.) anterior cranidial border, and higher convexity.
It has a short plectrum and a discontinuous anterior border
furrow. In S. changi the posterior margin of the anterior
cranidial border lacks a plectrum and the anterior border
furrow is smoothly curved. The pygidium of the Indian
material is proportionally longer than that known from
northwestern Hunan. This difference is considered to be
intraspecific variation, perhaps related to ontogeny as the
pygidia from Hunan are all small in size. Pygidia from both
Hunan and India are proportionally greater in size than in the
type species from Australia.
Occurrence.—From shales collected at 500.32 m (PI14
collection), 501.39 m (PI19 collection), 502.04 m (PI16 collection) and 504.04 m (PI21 collection) above base of Purni
Valley section 3, on east side of Tsarap River, south of
Phuktal Gompa, Zanskar Valley, Parahio Formation, Sudanomocarina sinindica Zone, informal global Stage 5 of the
Cambrian System. In South China, S. sinindica ranges from
the Ptychagnostus gibbus Zone to Ptychagnostus atavus Zone,
Huqiao Formation, Paibi and Wangcun, northwestern Hunan.
UNDETERMINED TRILOBITE SCLERITES
Family UNDETERMINED
Genus UNDETERMINED
Undetermined cranidium 1
Figure 59.1, 59.2
Material.—One cranidium (WIHGF246).
Discussion.—This small ptychoparioid cranidium is quite
well preserved and characterized by a convex, tapering, and
truncate glabella with four pairs of weak lateral furrows, a
long, posteriorly angled occipital ring defined by a deep
occipital furrow, a relatively large palpebral lobe lying
opposite the cranidial mid-length, a wide palpebral area and
an obsolete eye ridge. The anterior border is moderately wide
and equals the preglabellar field in length. In general aspect,
the cranidium resembles Mufushania nankingensis? from the
same collection, but has a more convex and proportionally
smaller glabella, fainter lateral glabellar furrows, a longer
occipital ring, and wider palpebral area. Whether this single
cranidium belongs to Mufushania or has affinities with other
ptychoparioids remains unclear.

Occurrence.—In limestone from collection PO3 at 78.07 m
above base of the Parahio Valley section on the north side of
the Parahio River, Spiti region, Parahio Formation, Haydenaspis parvatya Zone, informal global Stage 4 of the Cambrian
(late Duyunian Stage as used in South China).
Undetermined cranidium 2
Figure 59.3, 59.4
Material.—Two cranidia (WIHGF822.3; WIHGF1034).
Discussion.—This undetermined species has a rectangular
glabella with obscure lateral glabellar furrows, a short
occipital ring defined by a shallow occipital furrow, a short
palpebral lobe placed anterior to the mid-length of the
glabella, a thin, weak eye ridge, and a concave, anteriorly
upturned preglabellar area with a very short, ridge-like
anterior border defined posteriorly by faint anterior border
furrow. Affinities of these cranidia are unclear.
Occurrence.—In limestone from collections KU5 and KU6
at 36.05 m above base of the Kuru 1 section opposite Kuru on
the north side of the Tsarap Lingti Chu, Zanskar Valley,
Karsha Formation (Teta Member); Guzhangian Stage,
Lejopyge acantha Zone.
Undetermined librigena 1
Figure 60.6, 60.7
Material.—Two librigenae (WIHGF235, WIHGF268).
Discussion.—The librigenae are characterized by having a
wide lateral border that widens rearward and produces a
broad based general spine. The genal field is narrower than the
lateral border and also widens posteriorly. The ocular suture is
rather long, indicating that the trilobite may have had a
relatively large eye.
Occurrence.—In collection PO3 at 78.07 m above base of
the Parahio Valley section on the north side of the Parahio
River, Spiti region, Parahio Formation, Haydenaspis parvatya
Zone, informal global Stage 4 of the Cambrian (late Duyunian
Stage as used in South China).
Undetermined librigena 2
Figure 60.11, 60.12
Material.—One librigena (WIHGF739).
Discussion.—This large librigena has a wide lateral border
and broad-based genal spine. The lateral border is slightly
depressed medially with a thick convex ridge developed along
the shallow lateral border furrow on the posterior part of the
lateral border that becomes obsolete forward. It is uncertain if
the genal area, which bears fine granules, is broken or
completely preserved. If the latter, the trilobite should have a
strongly divergent anterior branch of the facial suture, a
moderately sized palpebral lobe that is gently curved, and a
gently curved posterior branch of the facial suture, which
encloses a narrow posterolateral projection.
Occurrence.—From limestone of collection KU7 at 36.05 m
above the base of the Kuru 1 section opposite Kuru, Zanskar,
Karsha Formation (Teta Member); Guzhangian Stage,
Lejopyge acantha Zone.
Undetermined incomplete exoskeleton
Figure 60.5
Material.—A single posterior section of trunk (WIHGF
315).
Discussion.—This incomplete trunk with 5 thoracic segments and a pygidium is poorly preserved. The pleural region
is much wider than the axis. The pygidial axis bears 4–5 rings
that are poorly defined, occupying about 0.8 pygidial length.
The pygidial pleural region is weakly divided into 4 pleurae
and a terminal area. The relatively large pygidium bearing a
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long axis suggests that this incomplete trunk may be
proasaphiscioid, rather than than ptychoparioid.
Occurrence.—From limestone collected on the south side of
the Parahio River on slopes just west of confluence of the
Sumna River with Parahio River (PO12 collection), estimated
to be at about the 836 m level in the section on the north side
of the Parahio River section, Himachal Pradesh, Spiti region.
Parahio Formation, Oryctocephalus salteri Zone, informal
global Stage 5 of the Cambrian System.
Undetermined hypostome 1
Figure 60.4
Material.—A single hypostome (WIHGF951).
Discussion.—This hypostome has a subrectangular outline,
rounded posteriorly and gently curved anteriorly with
triangular wings anterolaterally. The middle body bears a
long, elliptical anterior lobe, a faint middle furrow, and a very
short, crescentic posterior lobe. The lateral border is ridgelike, defined by incised border furrow. Posterior border is
unknown. This hypostome is in collection PO21, where it is
associated with 4 species (Douposiella himalaica, Gunnia
smithi, Kunmingaspis stracheyi and Paramecephalus defossus),
and it is uncertain as to which, if any, the hypostome belongs.
Morphologically, it is closely similar to that of Mufushania
nanjingensis from Southern Anhui (Peng et al., 2001c, pl. 1,
figs. 1–3).
Occurrence.—From limestone collected at 765.14 m (PO21
collection) above the base of the Parahio Valley section on
north side of Parahio River, Parahio Formation, Spiti region;
Parahio Formation, Paramecephalus defossus Zone, informal
global Stage 5 of the Cambrian System.
Undetermined hypostome 2
Figure 60.9, 60.10
Material.—Two hypostomes (WIHGF205A, WIHGF
225B).
Discussion.—These hypostomes have an ovate middle body
that bears a pair of muculae on the posterolateral corners of
the anterior lobe, a moderately deep middle furrow, and a
moderately long posterior lobe, and an anterior border that is
narrow and upturned strongly. Both the lateral and posterior
borders are thin, connecting in an obtuse angle.
Occurrence.—In collection PO3 at 78.07 m above base of
the Parahio Valley section on the north side of the Parahio
River, Spiti region, Parahio Formation, Haydenaspis parvatya
Zone, informal global Stage 4 of the Cambrian (late Duyunian
Stage as used in South China).
Undetermined hypostome 3
Figure 60.14
Material.—A single hypostome (WIHGF332).
Discussion.—This incomplete hypostome is characterized in
having a middle body that is not clearly divided into anterior
and posterior lobes, and ridge-like lateral and posterior
borders.
Occurrence.—From limestone collected from the south side
of the Parahio River on slopes just west of confluence of the
Sumna River with Parahio River (PO11 collection), estimated
to be at about the 850 m level in the section on the north side
of the Parahio River section, Spiti region, Himachal Pradesh,
Parahio Formation, Oryctocephalus salteri Zone, informal
global Stage 5 of the Cambrian System.
Undetermined hypostome 4
Figure 60.15
Material.—A single hypostome (WIHG296.2).
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Discussion.—This distorted hypostome has a middle body
with a subrounded anterior lobe and a moderately long
posterior lobe, and moderately large wings that is about half
of the hypostomal length. The middle furrow is markedly
deepened at sides and the lateral and posterior are thin,
defined by deep border furrows.
Occurrence.—From shale collected on the south side of
Parahio River on slopes above the east bank of the Sumna
River above the confluence with the Parahio River (PO10
collection), estimated to be at about the 1050 m level in the
section on the north side of the Parahio River section, Spiti
region, Parahio Formation, Iranoleesia butes level, informal
global Stage 5 of the Cambrian System.
Undetermined pygidium 1
Figure 60.1–60.3
Material.—Three pygidia (WIHGF829.2, WIHGF829.3,
WIHGF321.3).
Discussion.—These effaced pygidia are characterized by
having a transverse outline, conical axis that bears no ring
furrows but a weak postaxial ridge, a flat pleural region with
only the weakly incised anterior pleural furrow present, and
lacking border and border furrows. The affinity of these
pygidia remains unclear.
Occurrence.—In limestone from collection KU5 at 36.05 m
above base of the Kuru 1 section opposite Kuru on the north
side of the Tsarap Lingti Chu, Zanskar Valley, Karsha
Formation (Teta Member); Guzhangian Stage, Lejopyge
acantha Zone.
Undetermined pygidium 2
Figure 60.8
Material.—A single pygidium (WIHGF243A).
Discussion.—This fragmentary pygidium has an axis that
bears three rings and a long posterior piece that occupies
about 85 percent of the pygidial length. The pleural region
bears one or two short but deeply incised pleural furrows and
lacks border furrows. It may be associated with undetermined
librigena 1.
Occurrence.—In collection PO3 at 78.07 m above base of
the Parahio Valley section on the north side of the Parahio
River, Spiti region, Parahio Formation, Haydenaspis parvatya
Zone, informal global Stage 4 of the Cambrian (late Duyunian
Stage as used in South China).
Undetermined pygidium 3
Figure 60.13
Material.—A single pygidium (WIHGF709).
Discussion.—This fragmentary pygidium has a transverse
outline. The axis occupies about one-third to one-fourth of the
pygidial length, and bears two or three rings. The pleural
region has a horizontal inner portion, and the outer portion
slopes downward. The anterior part of the pleural region
dispalys three pleurae with the anterior two pleurae defined
clearly, and the third one obscure. The first two pleural
furrows are deep, extending onto the lateral margin. The
lateral and posterior borders are absent. This pygidium occurs
in association with Ziboaspis hostilis, but the lack of punctate
ornament prevents assignment of the pygidium to that species.
Only a single pygidium from South China has so far been
assigned to Ziboaspis xuzhouensis Qiu (in Qiu et al., 1983, pl.
25, fig. 3), which differs from the present pygidium in bearing
no pleural and interpleural furrows and a narrow, slightly
upturned posterior border. More material is needed to confirm
the assignments of both pygidia.
Occurrence.—From limestones collected at 836.36 m (PO31
collection) above the base of the Parahio Valley section on the
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north side of the Parahio River, Spiti region. Parahio
Formation, Oryctocephalus salteri Zone, informal global Stage
5 of the Cambrian System.
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Garcia-Bellido (eds.), Advances in Trilobite Research. Cuadernos del
Museo Geominero, No 9. Instituto Geológico y Minero de España,
Madrid.
ENDO, R. AND C. E. RESSER. 1937. The Sinian and Cambrian formations
and fossils of southern Manchoukuo. Manchurian Science Museum
Bulletin, 1: 1–474.
ETHERIDGE, R., JR. 1902. Official contributions to the palaeontology of
South Australia. No. 13: Evidence of further Cambrian trilobites. South
Australian Parliamentary Papers 3–4.
FORTEY, R. A. 1994. Late Cambrian trilobites from the Sultanate of
Oman. Neues Jahrbuch für Geologie und Paläontologie, Abhandlungen, 194: 25–53.
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Gesellschaft der Wissenschaften, V. Folge, 5:1–176.
HAYDEN, H. H. 1904. The Geology of Spiti with parts of Bashahr and
Rupshu. Memoirs of the Geological Survey of India, 36:1–121.
HICKS, H. 1872. On some undescribed fossils from the Menevian Group.
Quarterly Journal of the Geological Society (London), 28:173–185.
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LIŇÁN, E., M. E. DIES, AND R. A. GOZALO. 2003. Review of the genus
Kingaspis (Trilobita, Lower Cambrian) from Spain and its biostratigraphical consequences. Revista Espanola de Paleontologia, 18:
3–14.
LINNARSSON, J. G. O. 1869. Om Vestergotlands Cambriska och Siluriska
Aflagringar. Kungliga Svenska Vetenskapsakademiens Handlingar,
8(2): 1–89.
LIU, Y. 1982. Trilobites, p. 290–347. In S. Li (ed.), Palaeontological Atlas
of Hunan. Ministry of Geological and Mineral Resources, People’s
Republic of China, Geological Memior. Series 2, vol 1. Geological
Publishing House, Beijing. 996 p. (In Chinese)
LOCHMAN, C. AND D. DUNCAN. 1944. Early Upper Cambrian faunas of
central Montana. Geological Society of America Special Papers, 54:1–181.
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ÖPIK, A. A. 1961. The geology and palaeontology of the headwaters of the
Burke River, Queensland. Bureau of Mineral Resources Geology and
Geophysics Australia Bulletin, 53:1–249.
ÖPIK, A. A. 1967. The Mindyallan fauna of northwestern Queensland.
Bureau of Mineral Resources Geology and Geophysics Bulletin, 74:1–
404.
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APPENDIX 1.
Collection locations and stratigraphic details, arranged in stratigraphic order, oldest at the base.

Area
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Zanskar
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,
Parahio,

Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti
Spiti

Collection
Name

Section

KU1
KU3
KU2
KH3
KH2
KU4
KU7
KU6
KU5
PI17
PI21
PI16
PI15
PI19
PI14
PI13*
PO9*
PO10
PO14
PO13
PO12
PO11
PO26
PO31
PO32
PO30
PO25
PO24
PO23
PO22
PO21
PO20
PO17
PO18
PO15
PO19
PO3

Kuru 2 section
Kuru 2 section
Kuru 2 section
Kurgiakh Nulla
East of Kurgiakh
Kuru 1 section
Kuru 1 section
Kuru 1 section
Kuru 1 section
Purni 3 section
Purni 3 section
Purni 3 section
Purni 3 section
Purni 3 section
Purni 3 section
Purni 3 section
Sumna River/Hayden section
Sumna River
Sumna River
Sumna River
Sumna River
Sumna River
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section
Hayden section

Height in
Section
111.2
,105
97.44
36.55
36.05
36.05
36.05
510.04
504.04
502.04
501.72
501.39
500.32
74.11
1242.4
,836
,836
,836
,836
,836
836.41
836.36
835.66
828.72
776
775.41
772.51
765.28
765.14
580.52
439.67
439.57
439.44
439.44
78.07

Latitude

Longitude

Altitude (m)

N33u10.0939
N33u10.0939
N33u10.0949
N33u04.2459
N33u03.2729
N33u09.9589
N33u09.8169
N33u09.9589
N33u09.9589
N33u15.2049
N33u15.2669
N33u15.2049
N33u15.2049
N33u15.2669
N33u15.2049
N33u13.7629
N32u01.5939
N32u01.9219
N32u01.9219
N32u01.9219
N32u01.9219
N32u01.9219
N32u02.6909
N32u02.6909
N32u02.6909
N32u02.6909
N32u02.3939
N32u02.3939
N32u02.3939
N32u02.3939
N32u02.3939

E077u11.7069
E077u11.7069
E077u11.6959
E077u15.5429
E077u14.1769
E077u11.6639
E077u11.6719
E077u11.6159
E077u11.6639
E077u10.2319
E077u10.2069
E077u10.2319
E077u10.2319
E077u10.2069
E077u10.2319
E077u09.5819
E077u57.1359
E077u56.9449
E077u56.9449
E077u56.9449
E077u56.9449
E077u56.9449
E077u55.0999
E077u55.0999
E077u55.0999
E077u55.0999
E077u55.5959
E077u55.5959
E077u55.5959
E077u55.5959
E077u55.5959

N32u02.7189
N32u02.7189
N32u02.7189
N32u02.7189
N32u02.7009

E077u54.7509
E077u54.7509
E077u54.7509
E077u54.7509
E077u54.5349

4336
4335
4334
4510
4944
4295
4171
4267
4295
3942
3942
3942
3942
3942
3949
4326
3915
3642
3642
3642
3642
3642
4448
4448
4448
4448
4494
4494
4494
4494
4494
4143
4053
4053
4053
4053
3916

PO3–PO9, PI12–PI21, and KH2 are from the Parahio Formation
KU5–KU7 are from the Teta Member, Karsha Formation
KH3, KU1–KU3 are from the Surichun Member, Kurgiakh Formation
* indicates horizon rich in phosphatic brachiopods that did not yield trilobites.
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Collection lithologies
Parahio Valley collections
PO3 – grey/green sparry limestone
PO15, 19 – light grey/white sparry limestone
PO18 – light grey sparry limestone
PO17 – light grey/white limestone
PO20 – dirty micaceous grey limestone
PO21 – silty dark grey micaceous limestone
PO22 – grey shale
PO23 - grey sparry limestone
PO24 - grey limestone
PO30 – dirty coarse limestone
PO32 – light grey packestone - friable
PO31 – light grey packstone – friable
PO26 – dark grey shale, green weathering and siltstone
PO11–14 – dark sparry limestone
PO10 – dark green siltstone
Collections near Purni, Zanskar Valley

PI9 – light weathering olive green shale
PI14 – green platy siltstone
PI19 – dark grey slate
PI15 – blocky dolomitic siltstone
PI16 – iron stained grey shale
PI20 – very fine grained sandstone
PI21 – green siltstone/shale
PI17 – iron stained shale
Collections made opposite Kuru, Zanksar Valley
KU 5 – dark grey fine grained wackestone
KU6 – light grey packestone
KU7 – light grey packestone
KU4 – mid grey packestone
KU1–3 fissile dark grey shale (slate)
Collections made near Kurgiakh, Zanskar Valley
KH2 – dark grey shale
KH3 – olive weathering grey shale (slate)

