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ABSTRACT: The Tremadocian of the East Alborz Region is dominated by condensed fine clastic 
sediments. These beds have yielded low to medium diversity trilobite associations, which belong to the 
olenid, nileid and raphiophorid biofacies, characteristic of an outer shelf environment. Five successive 
trilobite biozones can be recognised in the Tremadocian succession of Alborz. The lower Tremadocian 
Asaphellus inflatus–Dactylocephalus and Psilocephalina lubrica zones are characterised by medium 
diversity trilobite associations with strong links to contemporaneous faunas of South China. Three upper 
zones are documented in the section at Gerd-Kuh, the successive Vachikaspis insueta and Kayseraspis 
zones represent a low diversity interval during a time of rapid changes in the sea level changes; the 
medium diversity fauna of the Asaphellus fecundus–Taihungshania miqueli zone shows strong links to 
the faunas of Mediterranean segment of Gondwana. Brachiopods in Gerd-Kuh are represented by the 
monotaxic Tarfaya Association and the low diversity Paralenorthis–Xinanorthis Association. The 
recurrent oligotaxic Protambonites Association invaded the area in the late Tremadocian during short 
term regressive episodes. 
 
INTRODUCTION 

 The Gerd-Kuh area in the southern foothills of eastern Alborz, northern Iran (geographical 
coordinates N 36° 09′ 46″, E 54° 9′ 56″) is an isolated rocky mound, raised more than 200 m above its 
base The Cambrian and Ordovician deposits had not previously been reported from the area and on 
existing geological maps the exposed sedimentary rocks were referred to the Devonian. Nevertheless the 
exposures at Gerd-Kuh represent one of the most complete and easily accessible fossiliferous Lower 
Ordovician sections in the Alborz Mountains. The Tremadocian trilobites and brachiopods from Gerd-
Kuh have not been previously a subject of detailed studies, although most of the taxa were documented by 
Ghobadi Pour (2006) from the Simeh-Kuh section, north-west of Damghan.  
 The Cambrian–Ordovician boundary in the Gerde-Kuh section is placed provisionally at the base of 
the monotonous unit of olive-green to dark grey mudstones. In the absence of diagnostic fossils it is made 
by comparison with the Simeh-Kuh and Deh-Molla sections situated eastwards, where the characteristic 
Asaphellus inflatus–Dactylocephalus trilobite association was reported at the lower part of the mudstone 
unit (Ghobadi Pour 2006, 2011a, 2011b).  
 Based on superficial similarities, in previous studies the Lower Ordovician deposits were usually 
assigned to the Lashkarak Formation; however, Ghobadi Pour et al. (2011c) recently demonstrated that 
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the Lashkarak Formation, as it was originally defined by Gansser and Huber (1962), is confined only to 
the Middle (Darriwilian) and Upper Ordovician and it is separated by the widespread disconformity from 
the underlying Ordovician sediments. The Ordovician age was inferred by some researchers for the Mila 
Formation Member 5 (Peng et al. 1999; Bruton et al. 2004); however, it remains informal unit, which has 
no defined boundaries. Therefore, pending a general revision of the early Palaeozoic lithostratigraphy of 
the Alborz Region, we presently do not refer the Lower Ordovician sediments exposed in Gerd-Kuh to 
any existing formal lithostratigraphical unit.  
 The Ordovician part of the studied succession is underlain by characteristic ‘Cruziana sandstones’, 
which is the unit of horizontal and cross-laminated fine to medium grained quartzose and arkosic 
sandstones, up to 32 m thick, with a few beds of silty argillites in the lower part and billingsellid shell 
beds in the middle and upper part. The upper 10 m of the unit contain Skolithos and Cruziana trace 
fossils. The overlying Tremadocian succession comprises 93.3 m of dark-grey argillites and siltstones. 
 The faunal succession within the unit is represented by three distinct trilobite associations that 
define, in ascending order, the Vachikaspis insueta, Kayseraspis sp. and Asaphellus fecundus—
Taihungshania miqueli zones. Brachiopods are represented by the monotaxic Tarfaya Association, which 
co-occurs with trilobites indicative of the Vachikaspis insueta and Kayseraspis sp. zones, and by the low 
diversity Paralenorthis–Xinanorthis Association, which occurs with trilobites that are characteristic of the 
Asaphellus fecundus–Taihungshania miqueli Zone. The recurrent Protambonites Association re-appears 
three times through the studied sequence (Fig. 1; 50.1–51.23 m, 63.3–64.8 m and 66.2–68.6 m above the 
top of Cruziana sandstones’). It occurs in sandstone units representing shoal complexes, which were 
deposited during episodes of the maximum shallowing of the basin. The Tremadocian argillites are 
overlain with a sharp, uneven boundary by quartzose sandstones with shell beds comprised broken, 
disarticulated valves of the organophosphatic brachiopod Thysanotos multispinulosus Popov et al., 2008, 
suggesting the Floian age (Figs. 1, 2). 
 
BIOSTRATIGRAPHY AND CORRELATION 

 The biostratigraphical study of the Tremadocian trilobite succession in the eastern Alborz enables us 
to develop formal biostratigraphic framework with five successive trilobite zones. The trilobite zones 
proposed below are based on the regional occurrences of well-characterised taxa, with the base of each 
zone defined by the first documented occurrence of the eponymous species and with the top placed at the 
base of the overlying zone (Fig. 2). Two lowermost trilobite biostratigraphic subdivisions, namely 
Asaphellus inflatus–Dactylocephalus and Psilocephalina lubrica–Asaphopsis elhameae zones, are not 
represented in the Gerd-Kuh section and they are characterised from the previously studied trilobite 
successions in Simeh-Kuh and Deh-Molla (Ghobadi Pour 2006, 2011a, 2011b).  
 
The Asaphellus inflatus–Dactylocephalus Zone. This is the lowermost Ordovician biostratigraphical 
unit defined in the eastern Alborz. In the Deh-Molla and Simeh-Kuh sections Asaphellus inflatus Lu, 
1962 appears in the lower part of the argillite unit, somewhat above the boundary with cross-bedded 
‘Cruziana sandstones’. The characteristic trilobite assemblage includes also Chashania chashanensis Lu 
and Shu in Zhou et al., 1977; Chungkingaspis sinensis (Sheng, 1958); Conophrys simehensis (Ghobadi 
Pour, 2006); Dactylocephalus mehriae Ghobadi Pour, 2006 and Geragnostus cf. yangtzeensis Lu, 1975. 
Remarkably, except Conophrys simehensis (Ghobadi Pour, 2006) and Dactylocephalus mehriae Ghobadi 
Pour, 2006, which are endemic for Alborz, all other taxa also occur in South China where they are 
confined to the Asaphellus inflatus—Dactylocephalus Zone (Peng 1990a, Zhou and Zhen 2009). 
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Figure 1. Stratigraphic column showing the Cambrian–Ordovician boundary beds in the Gerd-Kuh section, 
with sampled fossiliferous horizons, stratigraphic ranges of selected trilobite and brachiopod species and 
photographic images of characteristic trilobite and brachiopods species. 
 

The Psilocephalina lubrica Zone. This zone contains the richest and most diverse trilobite fauna within 
studied stratigraphical interval. In addition to the eponymous taxa it includes Geragnostus sidenbladhi 
jafari Ghobadi Pour, 2006, Apatokephalus sp., Asaphellus sp., Conophrys simehensis, Kayseraspis 
ghavideli Ghobadi Pour, 2006 and Presbynileus? biroonii Ghobadi Pour, 2006. Only Conophrys 
simehensis is a holdover from the Asaphellus inflatus—Dactylocephalus Zone, whereas all other species 
are newcomers. Psilocephalina lubrica and species of Asaphopsis are common in the Tungzuella Zone of 
South China (Peng 1990b), where they are also associated with species of Apatokephalus and 
Geragnostus, while species endemic to the Alborz Region constitute a core of the assemblage. In the Deh-
Molla section, Asaphopsis elhamae is present in abundance in the tempestite shell beds. Here it occurs 
together with conodonts characteristic of the Paltodus deltifer Zone (Ghobadi Pour 2011a, 2011b). 
 
The Vachikaspis insueta Zone. This is the lowermost biostratigraphical unit recognised in the 
Tremadocian of the Gerd-Kuh section (Fig. 1; 54.1–65.8 m above the top of the ‘Cruziana sandstones’). 
In Gerd-Kuh, the eponymous species form an oligotaxic association with Asaphopsis elhamae and 
Psilocephalina lubrica, of which extend down into the Psilocephalina lubrica–Asaphopsis elhamae Zone. 
The zone is marked by a substantial decrease in trilobite diversity, with Vachikaspis insuetis forming a 
monotaxic association in the Simeh-Kuh section. The interval of the Vachikaspis insueta Zone coincides 
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also with proliferation of the brachiopod Tarfaya jafariani Popov et al., 2009, which occurs in abundance 
through the whole interval and is also present in the succeeding Kayseraspis Zone. 
 

 
Figure 2. Chrono- and biostratigraphical chart of the uppermost Cambrian to Lower Ordovician 
(Tremadocian) strata of Eastern Alborz showing correlation with biostratigraphical trilobite succession of 
South China and North Atlantic conodont biozones. BRE, Black Mountain Regressive Event; CRE, 
Ceratopyge Regressive Event; HDE, Hagastrand Drowning Event; CDE, Copiosus Drowning Event; 1, 
peritidal zone; 2, inner shelf; 3, outer shelf. 
 
 
The Kayseraspis Zone (65.8-69.6 above the top of the ‘Cruziana sandstones’). This zone coincides 
with the entire range of a new species of Kayseraspis, which is characterised by transverse ridges on the 
anterior part of the glabella. The assemblage also includes two holdovers from the underlying zone, 
Psilocephalina lubrica and Vachikaspis insueta. In Gerd-Kuh and Simeh-Kuh a substantial sea level drop 
resulted in formation of a shoal complex. In Simeh-Kuh the shell beds within this interval contain 
conodonts of the lowermost Drepanoistodus aff. amoenus Subzone of the Paroistodus proteus Zone 
(Ghobadi Pour et al. 2007). 
 
The Asaphellus fecundus–Taihungshania miqueli Zone (69.6–93.3 m above the top of the ‘Cruziana 
sandstones’). In addition to the eponymous taxa, the characteristic zonal assemblage includes 
Geragnostus (Geragnostella) lycaonicus, Damghanmpyx ginteri, Apatokephalus sp. and Euloma sp. In 
Gerd Kuh, raphiophorid trilobite Damghanmpyx ginteri occurs in abundance and forms accumulations of 
isolated sclerites on the bedding surfaces. The uppermost Tremadocian age of the lower part of the 
Asaphellus fecundus –Taihungshania miqueli Zone is confirmed by the occurrence of the conodonts of 
the Drepanoistodus aff. amoenus Subzone of the Paroistodus proteus Zone (Ghobadi Pour et al. 2007) in 
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its lower part. However, it is likely that the upper part of the zone is of the Floian age. Outside Iran 
Taihungshania miqueli (Bergeron, 1894) was reported from the lower Floian of the Montagne Noire 
(Bergeron, 1894; Courtessole et al., 1981), the Seydişehir Formation of the eastern Taurus Mountains in 
central Turkey (Dean and Monod 1990) and the Rann Formation Lower Member of United Arab Emirates 
(Fortey et al. 2011). It seems that the first appearance of Taihungshania miqueli is slightly diachronous in 
various regions with the earliest documented occurrence in Iran (Ghobadi Pour et al. 2007). 
 

  
TREMADOCIAN SUCCESSION OF GERD-KUH IN RELATION TO BASIN HISTORY 

The latest Cambrian in the East Alborz Region was the time of a lowstand, characterised by deposition of 
cross-laminated quartzose sands with Cruziana and Skolithos trace fossils, as well as billingsellide 
brachiopod shell beds, within a nearshore shoal system. This sandstone unit can be widely recognised in 
eastern Alborz. The transition to the Ordovician coincided with a significant drowning event. In the 
absence of conodonts and graptolites, the precise timing of the initial flooding of the region cannot be 
defined, although correlation with the Asaphellus inflatus–Dactylocephalus Zone of the Tremadocian 
succession in South China suggests that it occurred during the Cordylodus angulatus Zone and was 
probably synchronous with the transgressive phase of the Black Mountain Eustatic Event of Miller 
(1984). In Gerd-Kuh, the background deposits through the entire Tremadocian interval are represented by 
dark-grey to olive-grey finely laminated mudstones and siltstones that were deposited with a net 
sedimentation rate c. 10 mm per millennium. No progradational or retrogradational patterns can be 
recognised, probably due to the extremely low supply of siliciclastic sediment. It is likely that in Gerd-
Kuh, depositional sequences were controlled mainly by eustasy through the Tremadocian. 
 
The magnitude of sea level rise at the beginning of the Tremadocian Age cannot be estimated based on 
the available data from the Gerd-Kuh section; however, it can be inferred from the occurrence of olenides 
and agnostides in the Asaphellus inflatus–Dactylocephalus Trilobite Association documented from the 
Deh-Molla and Simeh-Kuh sections. This association can be compared with the Olenid–Asaphellus 
biofacies as defined by Balseiro et al. (2011). In the Lower Ordovician of Cordillera Oriental, this 
biofacies occurs in the upper offshore to offshore-transition environments.  
 
The succeeding trilobite associations of the Psilocephalina lubrica—Asaphopsis elhamae, Vachikaspis, 
Kayseraspis zones are dominated by nileid taxa and can be considered to be part of the open-shelf nileid 
biofacies (Ghobadi Pour 2006). A trilobite association of the Asaphellus fecundus–Taihungshania miqueli 
Zone was assigned to the raphiophorid biofacies (Ghobadi Pour et al. 2007), which were confined to an 
outer shelf environment between the distal part of the upper offshore and the proximal part of the lower 
offshore (Vidal 1998). Outer shelf background sedimentation was interrupted four times by increased 
influx of coarser clastics. These resulted in deposition of four distinct sandstone units about 1.5-2 m thick. 
The first unit is situated within the barren interval and does not contain indicative fossils, whereas three 
upper sandstone beds comprise medium to coarse, calcareous sandstones with a parallel and low angle 
cross-bedding, and with brachiopod shell beds formed mainly by disarticulated valves of Protambonites. 
Deposition of these sandstones took place in a turbulent environment near-shore, above the fair-weather 
wave base, probably within shoal systems. 
 
Sedimentary facies and associated biofacies in Gerd-Kuh suggest that outer shelf environments well 
below the fair-weather wave base prevailed in the area during the Tremadocian Epoch. Three regressive 
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episodes with possible amplitudes of a few tens metres occurred in the late Tremadocian within a 
relatively short time interval from the base of the Vachikaspis insueta Zone to the base of the Asaphellus 
fecundus–Taihungshania miqueli Zone. The trilobite based correlation suggests that successive 
regressions occurred within the uppermost part of the Paltodus deltifer Conodont Zone and the lower part 
of the Drepanoistodus aff. amoenus Subzone of the Paroistodus proteus Conodont Zone. It is probable 
that deposition on the seafloor was inhibited for considerable time during lowstand intervals, which is 
supported by sharp and sometime erosional contacts with overlying argillites, while there is no evidence 
of aerial exposure of sediments. 
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