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Abstract 

Laurentia’s Oldest Brachiopods: Lower Cambrian Brachiopods of the Montezuma Range, 

Nevada 

Sara M. B. Saxén 

New brachiopod materials from the lower Cambrian (Global Stage 3 and lower Stage 4) of Esmeralda 

County, Nevada are described and their age distribution and diversity is discussed. The specimens 

originate from the Fritzaspis, “Fallotaspis”, “Nevadella” and Bonnia-Olenellus biozone which in the 

area correspond to the Campito Formation and the overlying Poleta Formation. As the specimens from 

the Gold Coin Member (Begadean Series) and the Montenegro Member (Waucoban Series) of the 

Campito Formation encompass the oldest samples, they were therefore prioritised as there was not 

enough time to describe all the specimens. The oldest known trilobites from Laurentia have previously 

been reported from the Gold Coin Member and it is of interest to determine if the brachiopods from 

the same member also are the oldest known from Laurentia.  

    As many specimens are poorly preserved, especially the ones from coarse siliciclastic intervals, the 

determination of their systematic position is somewhat aggravated. Despite this, a diverse fauna 

including Lingulida, Obolellida, Naukatida, Kutorginida, Orthida and stem-group brachiopods have 

been successfully identified. A total of 16 taxa were noted for the Campito fauna, including the 

problematic and rare genera Swantonia and Spinulothele but unfortunately little new information 

could be gained regarding the characters for these rare genera. Four genera are reported for the first 

time from the area, not including material described under open nomenclature.  
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Populärvetenskaplig sammanfattning

Laurentias äldsta brachiopoder: Lägre Kambrium brachiopoder från Montezuma

bergskedjan, Nevada

Sara M. B. Saxén 

Under den geologiska tidsåldern Kambrium (542-488 miljoner år sedan) uppträder de första fossilerna 

av djurgruppen brachiopoder, eller armfotingar som de också kallas, tillsammans med många andra 

djurgrupper. Få platser i Laurentia (paleo-kontinent bestående av nutidens Nordamerika och Grönland) 

finns kvar som har bevarat de tidigaste förekommande brachiopod fossilerna. Esmeralda län i Nevada 

är en sådan plats och det här har det även spekulerats att Laurentias absolut äldsta brachiopod fossil 

skulle kunna hittas där. Denna avhandling fokuserar på att studera dessa brachiopod fossil från 

Nevada. När åldern för de äldsta studerade brachiopoderna (Begadean I ålder) i denna avhandling 

jämfördes med tidigare dokumenterade åldrar för äldre lägre Kambrium brachiopod fossiler stod det 

klart att dessa är de äldsta brachiopod fossilerna som hittats hittills.  

    Många nya fossil prover har samlats in av J.S. Hollingsworth under en längre tid från Nevada och 

beskrivs häri. De nya fossilen innefattar både sällsynta släkten, så som Swantonia samt Spinulothele, 

och släkten som inte har hittats i Esmeralda län tidigare. Tyvärr erhölls lite ny information beträffande 

de sällsynta släktenas morfologiska egenskaper. Upptäkterna om de nya släkterna i området skulle 

kunna hjälpa oss att bättre kunna rekonstruera brachiopod faunan från Nevada samt att förstå 

spridningen av olika brachiopod grupper i framtiden.  

Nyckelord: lägre Kambrium, Begadean, Laurentia, brachiopod, Nevada 
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1. Introduction  
  
During extensive field works over a time span of 19 years, J.S. Hollingsworth collected brachiopod 

fossils of lower Cambrian age from Esmeralda County, Nevada. The brachiopod fossils originate from 

the Campito Formation (Cambrian Series 2, Stage 3) and the overlaying Poleta Formation (Cambrian 

Series 2, Stage 3-4). J.S. Hollingsworth worked extensively with the areas biostratigraphy and trilobite 

fauna before his death in 2016 (e.g. Hollingsworth 2005; 2007; 2011). In 2009 he started a 

collaboration with M. Streng regarding the brachiopod material which he had collected (unpublished 

material). This study will describe the diverse brachiopod collection of J.S. Hollingsworth with focus 

on the older material from the Campito Formation, but a few specimens of importance from the Poleta 

Formation are included as well.  

    The specimens were collected at various localities in Esmeralda County, Nevada, (Fig. 2 and 

Appendix 1). All localities lie within the so called Esmeralda Basin, a lower Cambrian coastal basin, 

in which also Laurentia's oldest trilobites occur (e.g. Hollingsworth 2011). Much of the material from 

the Campito Formation is preserved in coarse siliciclastic rocks resulting in poor preservation for 

many specimens. Poor preservation combination with the diverse fauna but few specimens per species, 

which commonly show previously undocumented features, results in a tentative or general systematic 

position for many of the distinguished species. Until more material for these species can be collected, 

it is regarded as unwise to try and force them into a distinct genus or species. Many brachiopod 

specimens from this area are likely to belong to new species or even new genera but due to the issues 

with preservation, lack of material and missing internal or external features for many species, the 

material at hand is unsuitable to erect new taxa. This results in an all in all lack of information 

regarding the morphology of many brachiopods species, as was already noted by Rowell (1977), who 

reviewed the brachiopods described by C. D. Walcott from the same area as well as then new material. 

Despite the problematic preservation and lack of visible features for many specimens it is still 

important to study all of the material since brachiopods are so rare from the Esmeralda County and 

since the brachiopod fauna during biostratigraphic range from which they occur are poorly known in 

Laurentia.  

    The Campito Formation is today unique in possessing the oldest known trilobites from Laurentia 

originating from the Fritzaspis biozone (Hollingsworth 2011). Despite the area holding such an old 

and rare fauna that has been partly known for a long time (e.g. Walcott 1912a) the brachiopods from 

the Esmeralda Basin have mostly been ignored in the literature despite their diverse nature and age 

(see 3.3 Previous research). One of the goals of this study is therefore to stimulate further interest in 

brachiopods from the Esmeralda Basin as the age and uniqueness of this material makes it invaluable 

to further our understanding about Laurentia’s potentially oldest brachiopod fauna.  
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2. Aim  
 
The objective of this study is to elucidate the diverse brachiopod fauna from the lower Cambrian of 

Esmeralda County, Nevada, with regard to the diversity and stratigraphic distribution, in order to gain 

a better understanding of the brachiopod fauna from Laurentia. The morphological and systematic 

diversity of the brachiopods were examined in order to further our understanding of the fauna present 

in Nevada. Four tasks were performed in order to reach this objective. The main task was to (1) study, 

describe and classify the brachiopod specimens. This includes a systematic placement and illustrations 

of the specimens in order to gain a better understanding of their taxonomic diversity. In previous 

studies (Walcott 1912a; 1912b; Rowell 1977) the brachiopod diversity for the area has been described 

to be eight to nine genera per publication, a total of eleven taxa has been described for the Esmeralda 

Basin. Hollingsworth (2001) suggested that the brachiopod diversity include nine genera for the 

Montezuman Stage. (2) A task to evaluate herein will be to determine the fauna diversity by 

systematic placement of the specimens into genera. If the genera count is found to be higher or lower 

then what has been reported in previous studies from the Esmeralda Basin or encompassing other 

genera than in previous publications, further assumptions can be made about the diversity of the area. 

(3) The third task is to describe the age of these brachiopod specimens and compare them to other 

relevant lower Cambrian Laurentian brachiopods from the literature in order to determine these are 

Laurentia’s oldest brachiopods or not. The oldest known trilobites from Laurentia occur in this area in 

the Fritzaspis biozone found in the Gold Coin Member of the Campito Formation (Hollingsworth 

2011; Peng, Babcock & Cooper 2012). The oldest brachiopods described herein originate from the 

same biozone. If the brachiopods described are the oldest known from Laurentia it would give us 

unique new data over the earliest known brachiopod fauna assemblages for this paleocontinent. (4) 

The last task for this study revolves around the improvement of our understanding of certain 

problematic taxa previously reported from the area such as Swantonia Walcott, 1905 and Spinulothele 

Rowell, 1977. Very little is known about these genera (Walcott 1912a; Rowell 1977; Holmer & Popov 

2000; Popov & Holmer 2000) and any additional information added to our meagre knowledge about 

them would be helpful in order to broadening our understanding of them.  
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3. Background 
 

3.1 Laurentian brachiopods 

The purpose of this short literature study is to determine if the material described from the Gold Coin 

Member Stem is indeed Laurentia´s oldest brachiopods. Relevant literature was collected, where most 

stem-brachiopods and obviously to young fauna was excluded from the review. In older literature the 

exact stratigraphic age takes longer to determine than in more recent literature. Collected older 

literature that was containing younger taxa was not removed but instead used to give the readers a 

better understanding about the age and geographic distribution of Laurentia brachiopods. Newer 

publications containing younger material where skipped since there was enough data from the older 

publications to satisfy the established goal. Lower Cambrian brachiopods from Laurentia have been 

described from Alabama (Walcott 1912a), Alberta (Walcott 1912a; 1913; Howell 1952; Balthasar 

2009), Arizona (McKee & Resser 1945), British Columbia (Walcott 1912a), California (Walcott 

1912a; Rowell 1977; Mount 1974; 1976; 1981), Georgia (Walcott 1912a), Greenland (Poulsen 1932; 

Skovsted & Holmer 2005; Skovsted 2006), Labrador (Walcott 1900; 1912; Pemberton & Kobluk 

1978; Kobluk & James 1979), Maryland (Walcott 1912a), Massachusetts (Walcott 1912a), Mexico 

(Cooper et al. 1952; McMenamin 1984; 1987; McMenamin et al. 1994; Popov et al. 1997), Montana 

(Walcott 1912a), Nevada (Walcott 1912a; Rowell 1977; Hollingsworth 2005; Butler et al. 2015), New 

Brunswick (Walcott 1912a), Newfoundland (Walcott 1889; 1900; 1912a; Skovsted & Peel 2007), 

New Jersey (McMenamin et al. 1994), New York (Walcott 1912a; Resser 1938), Northwest 

Territories (Voronova et al. 1987), Pennsylvania (Walcott 1912a; Resser & Howell 1938), Quebec 

(Walcott 1912a),Vermont (Walcott 1912a; Kindle & Tasch 1948; Tasch 1949; Shaw 1955), Virginia 

(Walcott 1912a), Washington (Okulitch 1951), Utah (Walcott 1912a) and Yukon (Voronova et al. 

1987).  

    Unfortunately, a lot of publications from the 19
th
 and the beginning of the 20

th
 century do not 

include detailed stratigraphic information about formations, biozones or stages making the exact age 

largely undeterminable if no other more recent studies have been made from these localities (Walcott 

1889; 1900; 1912; Resser 1938). For some of those publications (Walcott 1889; 1900) the brachiopods 

specimens occur together with the trilobite genus Olenellus Hall, 1861, one of the fauna’s 

characteristic for the Bonnia-Olenellus biozone. Pemberton and Kobluk (1978) records brachiopods 

from the Bradore Formation, Newfoundland, but the formation itself is undated, but known to occur 

below the Forteau Formation and its Bonnia-Olenellus biozone of the Dyeran Stage (Cawood, 

McCausland & Dunning 2001). Since nothing indicates that the material from the Bradore Formation 

would be older than possible Montezuman age it is not considered as a potential rival in age to the 

Begadean age material herein.  

    Most of the brachiopods described in the publications mentioned above originate from the Dyeran 

Stage of the Waucoban Series, which is the same stage some of the material from the Poleta Formation 
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(Bonnia-Olenellus biozone) described herein originates from. That material comprises the youngest 

specimens described herein. A couple of localities contain brachiopod faunas from the “Nevadella” 

biozone from the Montezuman Stage of the Waucoban Series which encompasses the Montezuman 

Member of the Campito Formation and the Lower and lower Middle Member of the Poleta Formation 

in Esmeralda County. The localities and publications with fauna from the “Nevadella” biozone include 

Canada (Alberta: Balthasar 2009; Yukon-Northwest Territories: Voronova et al. 1987), California 

(Rowell 1977), Mexico (Cooper et al. 1952; McMenamin 1984; 1987; McMenamin et al. 1994), 

Nevada (Rowell 1977; Butler et al. 2015) and Washington (Okulitch 1951). The “Fallotaspis” biozone 

occurrences are more complicated. Brachiopods from this biozone have been recorded from Canada 

(Yukon-Northwest Territories: Voronova et al. 1987) California (Rowell 1977), Mexico (Cooper et al. 

1952; McMenamin 1984; 1987; McMenamin et al. 1994), and Nevada (Rowell 1977). The reported 

occurrence from Canada is pretty straight forward, two lingulid genera (Palaeoschmidtites Koneva, 

1979, and ?Lingulella) from the “Fallotaspis” biozone in the Mackenzie Mountains (Voronova et al. 

1987). However, for the Campito Formation in California and Nevada and the Puerto Blanco 

Formation in Mexico the biozonation is more complicated. In older literature (e.g. Stewart 1970; 

Alpert 1976; Rowell 1977; Nelson 1978; McMenamin 1984) the “Fallotaspis” biozone for the 

Esmeralda Basin extended into the middle of the Andrews Mountain Member. This zonation of the 

Campito Formation was later rebuked by Hollingsworth in 2005 due to the misidentification of 

Fallotaspis cf. tazemmourtensis Hupé, 1953, (Nelson & Hupé 1964) in the White-Inyo Mountains, 

California. The base of the “Fallotaspis” biozone has since 2011 (Hollingsworth 2011) rested at the 

base of the Montezuman Stage. The Mexican Puerto Blanco Formation is known to include the 

“Nevadella” biozone and some studies propose the “Fallotaspis” biozone to be present as well 

(McMenamin 1984; 1987; McMenamin et al. 1994). When the “Fallotaspis” biozone was inferred it 

was compared to the Andrews Mountain Member- Montenegro Member of the Campito Formation, 

which is the incorrect zonation of the biozone. The fact that the “Fallotaspis” biozone is not properly 

established for the Puerto Blanco Formation presents a problem since brachiopods of the genera 

Lingulella Salter, 1866, Kutorgina Billings, 1861 and Mickwitzia Schmidt, 1888 occur below the 

“Nevadella” biozone from this location, making them undated at present (McMenamin 1984; 1987; 

McMenamin et al. 1994). Brachiopod from the Begadean Series is only known from the Fritzaspis 

biozone of the Gold Coin Member of the Campito Formation, Nevada (Hollingsworth 2005).  
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3.2 Lithostratigraphy 

The Esmeralda County consists of rocks from the Ediacaran, Cambrian and Ordovician. The 

specimens reviewed herein are of lower Cambrian age. The lower Cambrian rocks consist of the basal 

Deep Spring Formation, the Campito Formation, the overlaying Poleta Formation and the top most 

Harkless Formation and Mule Spring Formation (Fig. 1). The Deep Spring Formation contains the 

oldest Cambrian material for the area (Cambrian Series 1, Stage 2) but this formation has not yielded 

any relevant material for this study. The only fossil groups found from the Deep Spring Formation are 

oncolites, stromatolites, hyolithes and tracefossils (Signor & Mount 1986; Hollingsworth 2011). The 

fossils collected come from the older Campito Formation and the overlaying Poleta Formation. The 

fossil rich rocks from the Campito Formation are the focus of this thesis since the oldest specimens 

herein comes from there. The reviewed material from the Campito Formation is dated to Cambrian 

Series 2, Stage 3. The younger rocks from the Poleta Formation, herein represented by a few described 

phosphatic taxa, belongs to Cambrian Series 2, Stage 3 and Stage 4 (Hollingsworth 2005; English & 

Babcock 2010; Butler et al. 2015). The general location of Esmeralda County and the samples 

collected are given in Figure 2. 

 

 

 

 

 

 

 

 

Figure 1. Cambrian 

stratigraphy and biozonation 

for Esmeralda County. Image 

modified after Hollingsworth 

(2007) fig. 1a, p. 124 and 

Hollingsworth (2011) fig. 2, 

p. 29. Biozones based on 

trilobite fauna for Laurentia. 
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    The oldest member of the Campito Formation, which possibly encompasses Cambrian Series 1, 

Stage 2, is the Andrews Mountain Member to which no material looked upon herein originates from. 

The second oldest member of the Campito Formation is the recently erected Gold Coin Member 

(Hollingsworth 2011). The Gold Coin Member encompasses the Fritzaspis biozone of the uppermost 

Begadean Series (no stages designated). The Fritzaspis biozone contains the oldest known trilobites 

from Laurentia (Hollingsworth 2011; Peng, Babcock & Cooper 2012) and possible the oldest 

brachiopods known from Laurentia as well. The youngest member of the Campito Formation is the 

Montenegro Member encompassing the older “Fallotaspis” biozone and the younger “Nevadella” 

biozone of the Montezuman Stage. Above the Campito Formation rests the Poleta Formation from 

which a few specimens described herein originate. The Poleta Formation is divided into a Lower, 

Middle and Upper Member. The Lower Member and lower Middle Member encompass the 

“Nevadella” biozone of the Montezuman Stage, while the upper Middle Member and the Upper 

Member encompasses the Bonnia-Olenellus biozone of the Dyeran Stage (Hollingsworth 2011). 

    The brachiopod samples studied herein derives from the Campito Formation (Gold Coin Member 

and Montenegro Member) and a few samples from the Poleta Formation (Middle Member). All 

sample localities are within Esmeralda County, Nevada (see Fig. 2 and Appendix 1). The Campito 

Formation was traditionally divided into the two Members, the Andrews Mountain Member and the 

Montenegro Member (Steward 1970), but Hollingsworth (2011) erected the new Gold Coin Member 

located at the top part of the old Andrews Mountain Member. None of the Hollingsworth material was 

originally assigned to the Gold Coin Member but the stratigraphic distribution of collected specimens 

marked as belonging to Andrew Mountain Member matches the newly erected Gold Coin Member 

and will therefore be assign there. 

    The depositional environment of the Campito Formation in Esmeralda County is described in 

Hollingsworth (2007; 2011) as storm dominated, mostly dysoxic, subtidal ramp. Most of the 

sediments from this formation were deposited near the storm wave base. The Andrews Mountain 

Member consists of mostly dark coloured grey or greenish grey sandstone beds with a thickness of 

0.2-2 m with interbedded dark coloured greenish grey siltstone (Hollingsworth 2007; 2011). Cyclic 

deposition exist between light sandstone and interbedded dark greenish grey sandstone beds for ca. 

200m below the top of the member. The base of the member is defined as the sharp contact with the 

limestone of the underlying Deep Spring Formation and the top is defined by the last greenish-grey 

sandstone bed below the nodule bearing beds of the Gold Coin Member. The thickness of the member 

is reported as being 500-950 m when measured in California and Nevada, but the thickness is often 

obscured due to regional faulting and rare exposure of the member (Hollingsworth 2011). The 

lithological features of the member are interpreted as a highstand system tract by Hollingsworth 

(2011). Ichnofossils are diverse and include genera such as Planolites Nicholson, 1873, and 

Plagiogmus Roedel, 1929, which are locally abundant in siltstone beds (Hollingsworth 2007; Onken & 

Signor 1988).  
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    The following interval consisting of 58-126 m thick sequence reported as the top of the Andrews 

Mountain Member in older literature and as the Gold Coin Member by Hollingsworth (2011) and 

newer literature. This interval is characterised by light grey sandstone beds rich in quartz and quartzite 

beds. Greenish-grey sandstone beds and interbedded silt layers also occur in this interval. The lower 

third of this interval also possesses a few beds containing highly calcareous nodules. The base of this 

member is defined as the top of the greenish grey sandstone below the nodule bearing beds, and the 

top of the member is defined as the top of the first circa half meter thick quartzite ledge located below 

the Montenegro Member. The depositional environment for this member is interpreted as well 

oxygenated shallow marine setting. The Gold Coin Member is interpreted as a probable lowstand 

system tract (Hollingsworth 2007; 2011).  

    The Montenegro Member unit is measured to be 327- 600 m in thickness in Esmeralda County, but 

the rocks are often metamorphosed in most localities resulting in a lack of fossils (Hollingsworth 

2011). The lowermost rock sequence, spanning 144 m in the Montezuma Range, consists of light 

brown coloured sandy siltstone and the top most rock sequence consists of greenish grey coloured 

shaly siltstone. In Esmeralda County quartzite and sandstone beds can be observed circa 110 m above 

the base of the member within the siltstone sequence, these rocks also contain lenses of bioclastic 

packstone and glauconite rich arenaceous limestone can be observed.  

These variations within the siltstone sequence cannot be observed in the Montenegro Member of the 

White-Inyo Mountains, California. At the top most 50 m of the member thin beds of sandstone and 

bioclastic limestone are present (Hollingsworth 2006; 2011). The interval below the calcareous lenses 

are interpreted as a highstand system tract by Hollingsworth (2011), the rocks above that interval were 

interpreted as a maximum flooding surface followed by a highstand system tract. 

    The Poleta Formation is divided into three members: the Lower, Middle and Upper Member 

(Stewart 1970), the only member studied in this thesis is the Middle Member since the lingulid and 

miikwitzid specimens of interest all originate from there. The Poleta Formation consists of a well 

oxygenated, shallow shelf environment with deposited carbonate shoals and cyanobacterial-archaeal 

reef mounds and has an average thickness of 360 m (Hollingsworth 2011). The Middle Member is a 

very heterolithic sequence with a fairly constant thickness of 200 m in the Esmeralda Basin. Shales 

and siltstones are predominating in the lower part of the sequence with some sandstone and limestone 

element present. In the upper half of the sequence sandstone, siltstone and shell rich limestone beds 

are predominate. A few lenses of quartzite interpreted as storm beds and rare micritic limestone, 

breccia and chert beds also occur within the top part of the member. The environment for Middle 

Member is inferred to be storm dominated. The sequence of the member is showing a shallowing 

upwards trend (Hollingsworth 2011).   
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3.3 Previous research 

The Lower Cambrian rocks of Esmeralda County in Nevada contain among the oldest known 

brachiopods for Laurentia but despite this they have been poorly studied. Research on lower Cambrian 

brachiopods from Esmeralda County, were first published by Walcott (e.g. 1905; 1908; 1912a and 

1912b). He described a wide variety of brachiopod and stem-brachiopod genera diversity for the area, 

represented by Acrothele Linnarsson, 1876, Acrotreta Kutorga, 1848, Jamesella Walcott, 1905, 

Kutorgina, Mickwitzia, Paterina Beecher, 1891, Siphonotreta? De Verneuil, 1845, and Swantonia. 

The stratigraphic age of those specimens was not recorded in detail and only the general lower 

Cambrian age was given. Despite that Esmeralda County was known to contain exceedingly old 

brachiopods for Laurentia more than half a century passed before the next publication was made about 

them in Rowell (1977). Rowell re-examined material published by Walcott from the White-Inyo 

Mountain and from Esmeralda County and also added new material to our knowledge of Lower 

Cambrian brachiopods. He provided a more in detail description of the specimens and more 

information regarding their stratigraphic distribution of the known samples and inferred the position of 

the older samples. A total of nine taxa was described including four new genera for the area, ?Nisusia 

Walcott, 1905, Obolella Billings, 1861, Lingulella and a brachiopod indet. as well as the erection of 

the new genus Spinulothele based on Siphonotreta? dubia Walcott, 1912 and the reassignment of the 

Jamesella specimens from Walcott (1912) to ?Pompeckium Havlíček, 1970. The material for the 

genera Acrothele, Acrotreta and Paterina, described by Walcott (1912), were not re-described by 

Rowell (1977). Most of the taxa from these publications came from the Poleta Formation, but a few 

came from the younger Harkless Formation and the older Campito Formation. The oldest brachiopods 

studied by Rowell (1977) are from the “Fallotaspis” biozone of the Montenegro Member of the 

Campito Formation, which is younger than specimens described herein from the Gold Coin Member. 

The specimens from the Montenegro Member was assigned to the genera ?Nisusia and Obolella by 

Rowell (1977). The brachiopod fauna from Esmeralda County has since only been mentioned 

sporadically in the literature where a bigger focus was on the trace fossils and trilobites, along with the 

biostratigraphy based on the trilobites (e.g. Hollingsworth 2005; English & Babcock 2010; 

Hollingsworth & Babcock 2011). Since Rowell (1977), the brachiopods have not received a detailed 

systematic treatment or description. One exception from this is the publication by Butler et al. (2015) 

providing a detailed description of the stem-brachiopod Mickwitzia occidens Walcott, 1908 from the 

Indian Springs Lagerstätte, Esmeralda County, Nevada, which is part of the Poleta Formation (English 

and Babcock 2010; Hollingsworth & Babcock 2011; Butler et al. 2015). Brachiopods mentioned and 

illustrated by Hollingsworth (2005: fig. 5; specimens 1061-19, 1061-39 and 1557-1) come from the 

Fritzaspis biozone of the Gold Coin Member (then Andrews Mountain Member) are re-described 

herein in more detail, due to the lack of an in-depth description and an erroneous systematic placement 

of them in the original publication. 
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Figure 2. Reference map in the corner showing 

Nevada, main map contains the area of 

Esmeralda County from which the samples 

originate. The sample localities are each 

showed with a specific symbol encompassing 

their rough geographic location, exact 

coordinates for each locality can be seen in the 

Appendix. The following localities correspond 

to the given symbols: Clayton Ridge-Circle; 

Indian Springs Canyon –Rectangle; 

Montezuma Range-Sun; Rowland´s Reef 

Section (Palmetto Mountains)-Triangle; Silver 

Peak Range- Star; Slate Ridge-Heart; Stewart´s 

Spring (Palmetto Mountains)-Pentagon. Edited 

reference map originally obtained from 

ArcMap (ESRI 2012). 

 

 

 

 

 

 

 

 

 

4. Data and methodology 
 

4.1 Samples 

All samples were collected in the eastern part of Esmeralda County, Nevada. Samples from the Gold 

Coin Member of the Campito Formation originate from the following localities: Clayton Ridge, 

Montezuma Range and Slate Ridge (section GCM, MW-2 and MW-4 (Hollingsworth 2006; 2007; 

unpublished material)) (Fig. 2). Samples from the Fallotaspis biozone of the Montenegro Member of 

the Campito Formation originates from the following localities: Montezuma Range, Slate Ridge and 

Stewart´s Spring (Palmetto Mountains) (section GCM, MN-f, MS, MW-1, MW-3, SR and SRN 

(Hollingsworth 1999; 2005; 2006; 2007; unpublished material)). Samples from the Nevadella biozone 

of the Montenegro Member of the Campito Formation originates from the following localities: 

Montezuma Range, Rowland´s Reef Section (Palmetto Mountains) and Silver Peak Range (section 

MN-f, MN-h, MS, MS-S and RR (Hollingsworth 1999; 2006)). Samples from the Middle Member of 

the Poleta Formation originate from the following localities: Indian Springs Canyon and Montezuma 

Range (section IS-4, IS-S and IS-W, (Hollingsworth 1999; 2006; unpublished)). See Appendix 1 and 2 

for further details of the geographic position of the localities and individual sample localities. The 

described material from the Campito Formation consists of individual 128 specimens and an 
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additional 12 specimens that where to poorly preserved or fragmented to warrant a description and 

whose systematic affinity could not be identified (specimens not described: 1073-27; 1524-1; 1539-3; 

1558-1a/b; 1566-7; 1589-10; 1591-1; 1865-2; 1869-3a/b; 1872-3; 1904-1a/b; 1904-3a/b). All the 

Campito Formation material consists of 53 samples. The described Poleta Formation material 

encompasses eleven samples and 40 specimens. 

 

4.2 Methodology 

The specimens where studied under a binocular microscope (LEICA MZ75 and for higher resolution 

LEICA MZ205c) for the description. All identified taxa were described. If the specimens were too 

poorly preserved for any information to be gained than they were not used for descriptions. The best 

preserved specimens for each taxon or the specimens which showed the most detailed characters were 

selected for photographing. All non-phosphatic specimens were blackened with colloidal graphite and 

then coated with ammonium chloride before photographing. Phosphatic specimens where only coated 

with ammonium chloride. The specimens were photographed using a Nikon, Digital Sight DS-U1 

camera attached to a LEICA MZ75 microscope. A succession of photos at different focal levels were 

taken for specimens with strong morphology and subsequently stacked in Adobe Photoshop in order to 

create an image with improved depth of focus. A scale bar was also added in Photoshop as well as 

cropped and rendered in black and white. 
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5. Results 

 

5.1 Systematics 
Phylum BRACHIOPODA Duméril, 1806 

Subphylum LINGULIFORMEA Williams et al., 1996 

Order LINGULIDA Waagen, 1885 

Superfamily LINGULOIDEA Menke, 1828 

Family EOOBOLIDAE Holmer, Popov, & Wrona, 1996 

Genus Eoobolus MATTHEW, 1902 

Diagnosis: See Holmer and Popov (2000). 

Eoobolus sp. 1 

Fig. 3.1, 3.2, 3.3, 3.4 

    Material: One potential dorsal valve (dv) comes from the lower “Nevadella” biozone of the 

Montenegro Member of the Campito Formation (dv: 1048-1). Seven ventral valves (vv), four dorsal 

valves and six indeterminate valves (iv) originate from the upper “Nevadella” biozone of the Middle 

Member of the Poleta Formation. Part/counterparts are described as a/b (vv: 1260-2, 1287-16a/b, 

1579-10-1, 1579-10-1, 1626-51, 1626-54, 1626-55, dv: 1579-10, 1626-10a/b, 1626-52-1, 1626-53, iv: 

1296-1a, 1296-22, 1579-4, 1579-9, 1626-36, 1626-52-2). The material from the Bonnia-Olenellus 

biozone of the Middle Member of the Poleta Formation consists of one dorsal valve (dv: 1629-14a/b).  

    Description: Shell slightly biconvex; elongate tear shaped in outline. Specimens commonly 35% 

longer than wide but bigger specimens are up to 60% longer than wide; maximum width at about 

midlength of valve, in posterior half of valve for a few specimens. Maximum width 15.5 mm, 

maximum length 25.1 mm. Juvenile? specimens maximum width 4.0 mm, maximum length 5.3 mm. 

Posterior margin pointed, acuminate angle at 80° for ventral valves and 110° for dorsal valves. 

Anterior margin slightly convex; commissure rectimarginate. Shell ornamentation consists of 

concentric ridges that are more prominent distally; minute pustules present in well preserved 

specimens. Ventral pseudointerarea with narrow, subtriangular pedicle groove; ventral propareas 

spanning about 30% of shell length, possesses well defined flexure lines. Dorsal visceral area bisected 

by a long, low median ridge and a pair of sub-median grooves running parallel with the median ridge. 

    Discussion: Poleta Formation material often in fragmented or exfoliated. The only material for 

Eoobolus sp. 1 from the Campito Formation is a small specimen from the Silver Peak Range (only 

material from that area). It is thought to be a juvenile due to its lack of characters and small size. The 

lack of characters could be a preservation issue since the specimen from the Campito Formation is 

preserved in coarser matrix than specimens from the Poleta Formation. The similar outline, acuminate 

posterior margin, length/width ratio and the position of the maximum width observed in the small 

Campito specimen and in the material from the Poleta Formation result in them being treated as the 

same species. The inclusion of the better preserved material from the Poleta Formation in this study is 

favourable since more characters become available for description and discussion. A dorsal valve of a 

lingulid is also found in the Poleta Formation of the same size as the one from the Campito Formation 
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but this one possesses more distinct concentric ridges proximally than the Campito specimen. Despite 

somewhat different characters for the Campito specimen compare to the small Poleta material the 

similarities in the size and outline are for now enough to describe them as the same species, 

considering that the Campito material is preserved in coarser, less favourable material which could 

result in features being reduced due to preservation issues. The material of lingulids from the Poleta 

Formation is reviewed in order to gain more character for the older material to use in comparisons 

with other published specimens.  

    The only other lingulid material published from Esmeralda County are specimens described as 

Lingulella spp. in Rowell (1977), which are fragmentary lingulids tentatively assigned to Lingulella 

and the lingulid Lingulepis rowei Walcott, 1905. L. rowei has been recorded from the lower Cambrian 

(Formation and biozone unknown, Walcott 1905; 1912a) in Inyo County, California, further south of 

Esmeralda County, but Lingulepis Hall, 1863, is not considered as a plausible assignment for this 

material. Eoobolus sp. 1 is somewhat similar to the Lingulella materials published by Walcott (1912a; 

1912b) from other geographic areas in Laurentia. Material from the lower Cambrian is fairly often 

assigned to Lingulella but the actual age range for the genus is upper Cambrian to Ordovician (Holmer 

& Popov 2000). Ushatinskaya (2008) noted this and observed that many early and middle Cambrian 

specimens referred to as Lingulella probably belong to Palaeoschmidtites, Eoobolus, or Palaeobolus 

Matthew, 1899b. This is probably the case for the Inyo County material and possible also for 

Lingulella spp. of Rowell (1977). The presence of a finely pustulose adult shell seen in the material 

from the Montezuma Range lead to its assignment to Eoobolus. The shell outline, the well-developed 

flexure lines in ventral valves, the dorsal median ridge and the presence of minute pustules all support 

an assignment to Eoobolus despite the lack of previously published material of this genus from the 

Esmeralda Basin. Since the focus of this study is on material from the Campito Formation and since 

lingulid material from this formation is sparse and can only tentatively be compared with the material 

from the Poleta Formation, an assignment to a known species or the erection of a new species cannot 

be performed for the specimens described above.  

 

Eoobolus sp. 2 

Fig. 3.5, 3.6, 3.7, 3.9 

    Material: One small valve from the “Nevadella” biozone of the Montenegro Member, Campito 

Formation (1625-16); three valves from the “Nevadella” biozone of the Middle Member, Poleta 

Formation (1296-43, 1578-4, 1762-1). None of the valves can confidently be identified as ventral or 

dorsal, as all valves lack visible internal features and have a fragmented posterior. 

    Description: Shell sub-circular to slightly elongate oval in outline. Shell ca. 10% longer than wide, 

with maximum width at midlength. Maximum width 9.4 mm, maximum length 10.2 mm. Posterior 

margin pointed, with an apical angle of approximately 125°; angle unable to retrieve for half of the 

specimens due to missing posterior margin. Anterior margin slightly convex; commissure 
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rectimarginate. Shell ornamentation consists of concentric ridges, more prominent distally; minute 

pustulose ornamentation seen in well preserved specimens. No internal features known.  

    Discussion: The description is based on a single, probably juvenile valve from the Campito 

Formation and three presumed adult specimen from the Poleta Formation. The Campito Formation 

material lacks pustules, but the poor preservation of the specimen could be responsible for that. 

Eoobolus sp. 2 is distinguished from Eoobolus sp. 1 in having a much smaller length/width ratio and 

by possessing a larger apical angle and a less acuminate posterior margin. The ornamentation of 

Eoobolus sp. 2 and Eoobolus sp. 1 is similar in lacking strong ridges in the proximal part of the valve 

whilst the distal parts of the shell possess robust concentric ridges. The lack of internal features makes 

the material inadequate to compare with other Eoobolus species.  

 

Superfamily ACROTHELOIDEA Walcott & Schuchert, 1908 

Family ACROTHELIDAE Walcott & Schuchert, 1908 

Subfamily ACROTHELINAE Walcott & Schuchert, 1908 

Genus Spinulothele ROWELL, 1977 

Diagnosis: See Rowell (1977). 

Spinulothele sp. 

Fig. 3.8 

    Material: One dorsal valve from the “Fallotaspis” biozone of the Montenegro Member, Campito 

Formation (d: 1426-2). 

    Description: Valve flat, subcircular to transversely oval in outline, being approximated 18% wider 

the long. Maximum width of specimen occurs approximately at midlength of valve. Valve large, 

measuring 14.46 mm in width; estimated length of valve ca. 12.3 mm. Original posterior margin 

lacking. Anterior margin gently convex; commissure rectimarginate. Valve heavily exfoliated. 

Ornamentation consists of slightly lamellose, concentric growth bands, radial, impersistent ribs and 

minute pores. The ribs sometimes protrude from the growth lamellae, but whether this is an original or 

a preservational feature caused by exfoliation is not determinable with the material at hand.   

    Discussion: The valve described above is probably subcircular in outline, but since the posterior 

margin is missing, the entire length and outline of the valve can only be estimated. The micro-

ornamentations of pores that could be found in well preserved sections of the shell have not been 

reported previously from the genus. The heavy exfoliation of the shell makes it hard to determine if 

the slight protruding of the ribs represents original knobs or spines or if they are created secondarily 

due to the exfoliation. If more material was present the possible presence of spines could hopefully be 

settled with confidence, but as for now such material is lacking and the presence of such characters 

remain uncertain.  

    This material is with confidence placed within the subfamily Acrothelinae but its genus assignment 

is up for debate at the moment. The poorly known, monospecific genus Spinulothele has previously 
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only been described from the Middle Member of the Poleta Formation of Esmeralda County (Rowell 

1977) and possesses several distinct similarities with Spinulothele sp. The genus is primarily 

differentiated from other genera of the same subfamily by the presence of concentric growth lamella 

and intersecting impersistent radial ribs producing radial spinelike nodes at the intersection (Rowell 

1977; Holmer & Popov 2000). The concentric lamella and radial ribs are both found in Spinulothele 

sp. but the presence of nodes at the intersections of ribs and lamellae is disputable to be a true feature, 

but might be a preservational artefact. Spinulothele is so far only known from the lower Cambrian of 

Esmeralda County.  

    The overall morphology of the dorsal valve is comparable with that of Acrothele and Schizopholis 

Waagen, 1885. But although the gross morphology of the valves are similar neither of those taxa are 

characterised by concentric lamella and robust radial ribs which eliminates them as possible 

assignment for Spinulothele sp. (Holmer & Popov 2000). Radial ornamentations has been described 

for the Acrothele previously but are noted to mostly occur on the ventral valve (Walcott 1912a). 

Doubtful Acrothele spurri Walcott, 1908 material comparable to Spinulothele sp. has been described 

form the Lower Cambrian of Esmeralda Basin previously (compare Walcott 1912a) but the presence 

of Acrothele in the Lower Cambrian is still uncertain (Holmer & Popov 2000), putting some doubt on 

the assignment of that material to Acrothele. The A. spurri material described by Walcott from Nevada 

is somewhat similar to this material in its frayed concentric ornamentation, radial ribs and flatness of 

the proximal regions of the shell but Spinulothele sp. has a higher length/width ration despite the 

missing posterior margin, possesses more robust ornamentation and is almost twice as big as the 

biggest described A. spurri material.  

    The characters that supports an assignment of the single dorsal valve to Spinulothele are the 

presence of growth lamellae, robust radial ribs, the possible radially arranged nodes, the geographic 

occurrence of the specimen and the its stratigraphic position. Due to the uncertainty regarding original 

spinelike nodes the placement is somewhat tentative, but the features present still suggest that it is 

more likely to belong to Spinulothele than any other genus within the Acrothelinae. This material 

differs from the type species Spinulothele dubia Walcott, 1912a in being more than three times bigger 

in size and lacking a long, almost straight posterior margin as illustrated for S. dubia. These 

differences indicate that Spinulothele sp. is a new species but since so few valves are found for 

Spinulothele sp. in combination with no ventral material and few preserved characters preserved a new 

species is not erected at present. 
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Figure 3. Light photographs of lingulids. Scale bar equals 1 mm for all specimens. (1-4) Eoobolus sp. 1. (1) 

Dorsal? valve exterior (specimen 1048-1). (2) Ventral valve interior showing well-preserved pseudointerarea 

including propareas with flexure lines and median groove (specimen 1287-16a). (3) Dorsal valve exterior 

(specimen 1579-10). (4) Interior of fragmentary dorsal valve showing the long median ridge (specimen 1626-

10b). (5, 6, 7, 9) Eoobolus sp. 2. Ventral/ dorsal affinity unknown. (5) Small valve, possible juvenile (specimen 

1625-16). (6) Exterior of exfoliated valve (specimen 1296-43). (7) Exterior of valve (specimen 1578-4). (9) 

Exterior of valve (specimen 1762-1). (8) Spinulothele sp. Partly exfoliated dorsal valve exterior, missing 

posterior margin (specimen 1426-2). (1, 5) originates from the “Nevadella” biozone of the Montenegro Member, 

Campito Formation, (2-4, 6, 7, 9) originates from the “Nevadella” biozone of the Middle Member, Poleta 

Formation and (8) originates from the “Fallotaspis” biozone of the Montenegro Member, Campito Formation.   
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Subphylum RHYNCHONELLIFORMEA Williams et al., 1996 

Class OBOLELLATA Williams et al., 1996 

Order OBOLELLIDA Rowell, 1965 

Superfamily OBOLELLOIDEA Walcott & Schuchert, 1908 

Family OBOLELLIDAE Walcott & Schuchert, 1908 

Genus Obolella BILLINGS, 1861 

Diagnosis: See Popov and Holmer (2000). 

Obolella sp. 1 

Fig. 4.1 

    Material: All Obolella sp. 1 material is from the “Fallotaspis” biozone of the Montenegro Member 

of the Campito Formation. Dorsal/ventral affinity unknown for all valves. One valve showing interior 

surface (1270-10), seven valves plus some fragments show the exterior (1270-3, 1270-5, 1270-8, 

1270-10-1, 1270-10-2, 1270-10-3).  

    Description: Shell biconvex and relatively small, reaching a maximum size of 4.8 mm in width, 4.2 

mm in length, and 1.1 mm in height; outline transversely oval to sub-triangular, typically 14% wider 

than long, with maximum width at 55 to 66% of valve length from posterior margin; maximum height 

at one third of valve length from posterior margin, measuring about 25% of valve length. Posterior 

margin slightly pointed; apical angle of approximately 140°; beak marginal; anterior margin gently 

curved. Shell ornamented by fine concentric striae that grow more numerous closer to the margin. 

Internal features only known from one valve; curved, radially arranged elongated central muscle scars 

located about 30% from posterior margin; width of muscle scars 1.5 mm; length of muscle scars 0.5 

mm. Two long, curved depressions propagating from near posterior margin to about 50% of valve 

length occur marginally from muscle scars. The posterior margin of the specimen showing internal 

features is broken.  

    Discussion: The specimens of Obolella sp. 1 belongs to the best preserved material of the 

“Fallotaspis” brachiopod fauna, but the paucity of the material, especially of specimens showing the 

interior of the valves, makes species comparison and identification to already established species 

unadvisable. Obolella sp. 1 is however comparable to other Cambrian species of Obolella from 

Nevada and California. It is similar to Obolella excelsis Walcott, 1908 but lacks the characteristic 

internal groove terminating in a deep pit of O. excelsis and is also much smaller in size. Obolella sp. 1 

of Rowell (1977) and Obolella vermilionensis Walcott, 1912 have both been described from the lower 

Cambrian of California and Obolella sp. 2 of Rowell (1977) from equivalent strata in Nevada, but 

neither of these species is particularly similar in size to Obolella sp. 1 described above. Some of the 

internal characters are comparable but not identical (compare Rowell 1977; Walcott 1912a). Thus, 

e.g., Obolella sp. 1 of Rowell (1977) has similar mantle canals but lack distinct muscle scars. If the 

valve retaining internal features was not missing part of the posterior margin a comparison with other 
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Obolella species and a species assignment might have been possible, but more internal material would 

be needed for this as well as enough material to define ventral/ dorsal characters.  

    Some of the specimens appear to have the maximum width of the valve more posteriorly than it is 

commonly seen in Obolella, but not all of the specimens share this character making a possible 

ventral/dorsal distinction. The transversely oval outline of the shell is not a common feature for the 

genus either (compare Popov & Holmer 2000) but it has been documented before (e.g. Rowell 1977). 

The curved depressions observed near the muscle scars are believed to be vascular canals. The outline 

for most of the material is very similar to previously published Obolella material for this area but these 

valves are much smaller than the ones from the Poleta Formation, Harkless Formation and upper? 

Campito Formation (see Walcott 1908; 1912a; Rowel 1977). The characteristic ornamentation, the 

shape and location of the muscle scars plus the location of the assumed vascular canals all support the 

assignment to Obolella. The similarities in shape and somewhat similar general internal features with 

the Walcott (1908) and Rowell (1977) Obolella material, especially for the material from the Harkless 

Formation, also support this. 

 

Obolella? sp. 2 

Fig. 4.2 

    Material: One indeterminate valve (1747-2) from the Fritzaspis biozone of the Gold Coin Member, 

three ventral, three dorsal and two indeterminate valves (vv: 1438-2a/b-1, 1438-16a/b-1, 1438-16a/b-

2, dv: 1438-2a/b-2, 1438-16a/b-3, iv: 1438-16a/b-4, 1438-16a/b-5) from the “Fallotaspis” biozone of 

the lower Montenegro Member, and one possible ventral valve from the “Nevadella” biozone of the 

upper Montenegro Member (1388-29), all Campito Formation. Material from the Fritzaspis biozone is 

more poorly preserved than the one from the Montenegro Member and is only tentatively assigned to 

the same taxon. Specimens from the “Fallotaspis” biozone are coarsely recrystallized, specimens from 

the other biozones are preserved as coarse external moulds.  

    Description: Shell biconvex; transversely oval to subtriangular in outline; preserved as external 

mould or heavily recrystallized orange coloured shell. Specimens commonly about 40% wider than 

long, but some as short as 12% wider than long; maximum width around midlength, maximum height 

at apex for ventral valve and at maximum width for dorsal valves. Maximum width: 14.2 mm, 

maximum length: 10.4 mm. Anterior margin gently convex; commissure rectimarginate. Ventral valve 

has an acuminate margin, beak marginal, apical angle at 125°; posterior margin of dorsal valve 

seemingly gently convex, uncertain if dorsal valve possesses beak due to poor preservation. No 

ornamentation preserved and no internal features visible.  

    Discussion: Most of the specimens of Obolella? sp. 2 are coarsely recrystallized or preserved as 

external moulds within coarse sand, hence no finer features are preserved. The specimens, especially 

dorsal ones, are commonly partly crushed making height and shape estimations hard. As was noted in 

Obolella sp. 1, transversely oval is not a shape characteristic for Obolella, but it has been recorded 
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previously (e.g. Rowell 1977). Specimens of Obolella? sp. 2 are even broader than the material 

described by Rowell (1977) or seen in Obolella sp. 1. The lack of internal and partly external 

characters plus the broad nature of the shell makes the assignment to Obolella very tentative. Many of 

the features characteristic for Obolella are not preserved but the marginal ventral beak can be 

observed, a feature characteristic for Obolella (see Popov & Holmer 2000).The outline and shape of 

the shell, especially the ventral valve, is somewhat similar to between Obolella sp. 1 described herein, 

Obolella mexicana Cooper in Cooper et al. (1952) from the lower Cambrian of the Puerto Blanco 

Formation, Mexico and Obolella excelsis Walcott, 1908 from the lower Cambrian Montenegro 

member of the Campito Formation of Inyo county, California. No other taxa reviewed are particular 

similar, leading to the assignment of this material to the only genus similar to it, i.e. Obolella. The 

absence of many features due to the poor preservation makes the generic assignment highly tentative, 

but similarities with other Obolella material from the region leads it to be assigned to Obolella instead 

of being left as an unknown genus, even if the taxonomic assignment might very well shift if better 

material is found. Obolella? sp. 2 differ from Obolella sp. 1in having a higher width/length ratio 

variation and by having a lower angle for the beak. 

 

Figure 4. Light photographs of obolellids. Scale bar equals 1 mm for all specimens. (1) Obolella sp. 1. Dorsal/ 

ventral affinity of valves unknown. Valve in focus showing interior. Exterior valves and fragment surrounding 

the central valve (specimen 1270-8). (2) ?Obolella sp. 2. Ventral valve exterior. Specimens from this locality 

heavily recrystallized (specimen 1438-16b-1). (3-4) Obolellidae gen. sp. indet. Ventral/ dorsal affinity uncertain. 

(3) External mould of valve (specimen 1747-3). (4). External mould of valve (specimen 1819-2). (5-6) 
Obolelloidea gen. sp. indet. Dorsal/ ventral affinity of valves unknown (5) Posterior margin of (6) showing the 

posterior erosion protruding slightly behind the posterior margin (specimen 1588-1). (6) Broken interior of 

valve. (1, 2) originates from the “Fallotaspis” biozone of the Montenegro Member, Campito Formation, (3,4) 

from the Fritzaspis biozone of the Gold Coin Member, Campito Formation and (5, 6) originates from the 

“Nevadella” biozone of the Montenegro Member, Campito Formation. 
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Obolellidae gen. et sp. indet. 

Fig. 4.3, 4.4 

Material: Five specimens from the Fritzaspis biozone of the Gold Coin Member of the Campito 

Formation (1747-3, 1819-1, 1819-2, 1819-5, 1868-1). Four specimens from the “Fallotaspis” biozone 

from the Montenegro Member, Campito Formation (1343-11, 1383-3, 1602-32, 1791-2). Ventral/ 

dorsal affinity uncertain for material. All material for Obolellidae gen. et sp. indet. are preserved as 

external moulds.  

    Description: Shell in all probability biconvex; transversely oval in outline. Maximum width located 

at midlength of valve. Maximum width: 17.1 mm, maximum length: 13 mm. Maximum height at one 

third of valve length from posterior margin. Posterior margin gently convex; beak protruding behind 

posterior margin, beak fairly big. Inclination of cardinal area apsacline to orthocline. Anterior margin 

gently convex; commissure rectimarginate. Shell ornamented by concentric growth lines; 

ornamentation not always visible. Ventral/ dorsal affinity uncertain for this material. No internal 

features found. 

    Discussion: This morphotype occurs in both the Gold Coin Member and Montenegro Members of 

the Campito Formation. The material is assigned to the Family Obolellidae, but the generic 

assignment is uncertain. Obolellid genera such as Bicia Walcott, 1901, and Ivshinella Koneva, 1979, 

possess radial ornamentation (Popov & Holmer 2000), which this material lacks. Brevipelta Geyer, 

1994 has also only been described from Morocco (Geyer 1994), so neither of those are likely affinities 

for the specimens described above. Obolella and Magnicanalis Rowell, 1962, are the genera whose 

characteristic features are the most similar to this material. Obolella is typically more elongated, but as 

discussed above there are few exceptions to this. Furthermore, of the two genera, Obolella is the only 

one to have been previously described from Laurentia (Popov & Holmer 2000). The outline of the 

specimens is generally more similar to Magnicanalis than to Obolella, so is the inclination of the 

cardinal area for ventral and dorsal valve. It should be noted that the valves with a possible orthocline 

cardinal area have an obscured posterior margin, making this character uncertain. Obolella has been 

described from Nevada previously, but there are not enough characters available to fully settle this 

since the available characters are consistent for both genera (compare Popov & Holmer 2000).  

 

Obolelloidea gen. et sp. indet. 

Fig. 4.5, 4.6 

Material: Material represented by six valves from the “Nevadella” biozone of the Montenegro 

Member, Campito Formation (1199-3, 1249-7, 1580-5, 1585-1?, 1588-1, 1588-2). Dorsal/ventral 

affinity of all valves unknown.  

    Description: Shell fairly big, valves slightly convex to almost flat; outline varies from transverse 

oval to sub-circular, with the sub-circular variety being less convex than the oval ones. Maximum 

width of shell at approximately one third of valves length, two specimens have been tectonically 
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deformed (sheared) rendering their location of maximum width uncertain. Maximum dimensions for 

valves, maximum width measured from material 19.8 mm (specimen 1199-3), maximum length 

measured from material 16.2 mm (specimen 1588-1); length/width ratio highly variable within 

material. Posterior margin slightly convex. Anterior margin more strongly convex; commissure 

rectimarginate. Internal surface smooth or ornamented by fine concentric lines near the margin; 

thickened ridge along posterior margin, divided by low depression; heart shaped exfoliated area in 

apical cavity divided by elevated median division in some valves, some of the eroded area propagated 

beyond the margin. No exterior valve surfaces known but likely to be smooth or finely ornamented.   

    Discussion: The variation in the length/width ratio of the valves could be due to differences between 

dorsal and ventral valve but the material at hand is not sufficient to determine this with certainty. The 

erosion of the posterior tip of all valves and lack of other robust characters makes identification of 

genus and distinction of ventral and dorsal valve extremely hard. There are likely some elevated 

characters in this region that were more exposed to erosion, but it is impossible to determine what 

those features were. A similar shell outline, convexity and anterior margin are often found in the 

superfamily Obolelloidea (compare Popov & Holmer 2000). The characteristic features for 

Obolelloidea and the compared similarities between this material and genera from this superfamily are 

argued to be robust enough to with certainty place this material within.  

    When compared with other material from Laurentia during the lower and lower middle Cambrian 

the material is most similar to Obolella, Alisina Rowell, 1962, and Trematobolus Matthew, 1893, all 

of which belong to the Obolelloidea. The sub-circular specimens have a similar outline to that of 

Alisina, but Alisina rarely has a transversely oval outline, the most common outline for some of these 

specimens. Alisina is also characterized by sockets on the dorsal valve and distinct mantle canal 

systems on both valves (Popov & Holmer 2000), features that should be viable in non-eroded areas of 

these specimens, but which they are not, making the assignment to that genus unlikely. The genus 

Trematobolus was also considered as a possible candidate for this material, but Trematobolus is 

characterised as having an transversely oval outline, whereas this material also possess semi-circular 

specimens. The ventral apex area is associated with a tear-like slit in Trematobolus, but since the apex 

area is partly eroded and the ventral/dorsal affinity is unknown for the material the lack of this 

character need not necessarily expelled this material from Trematobolus but it doesn’t support the 

assignment there either. This is also the case for other ventral features such as: apsacline interarea, 

thickening of ventral visceral area and broad median groove, which all could be missing due to 

taphonomy. Although it is possible that the specimens at hand all represent dorsal valves, however this 

is not likely. Trematobolus is also characterized by a vascular system (Popov & Holmer 2000) that 

should be possible to see in the material, but which is not present, which puts serious doubts on the 

assignment of this material to Trematobolus. All in all, there were too many features missing for this 

material to be placed within Trematobolus. When it comes to Obolella, it is often characterized as 

being sub-circular or elongate oval in outline but transversely oval specimens are not unheard of (e.g. 
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Obolella excelsis Walcott, 1908 and Obolella sp. 1 of Rowell, 1977). No external ornamentation is 

decisively found for this material but fine striae are a possibility, as characterized for Obolella by 

Popov and Holmer (2000). The ventral valve of Obolella is characterized by being apsacline to 

catacline which is not seen in this material (assuming that ventral valves are present). Obolella is also 

characterized by a marginal ventral beak, something that is not directly seen but that could possibly be 

inferred from the fact that the eroded posterior region sometimes can be seen to slightly protrude from 

the margin. However, a preserved exterior ventral valve is needed to satisfactorily determine this. 

Obolella has previously been described for this region with Obolella vermilionensis Walcott, 1912 

Obolella excelsis Walcott, 1908 Obolella sp. 1 and Obolella sp. 2 by Rowell (1977). None of those 

species are a close match to the material viewed here. Whilst Obolella is the most likely genus for this 

material, the incomplete apical area of the valves where many important characters for Obolella are 

located combined with the lack of exterior features and ventral/dorsal affinity of the material makes a 

positive identification impossible. It is also possible that the specimens represent a new genus, but 

again the material is lacking for the establishment of one. 

 

Order NAUKATIDA Popov & Tikhonov, 1990 

Superfamily NAUKATOIDEA Popov & Tikhonov, 1990 

Family NAUKATIDAE Popov & Tikhonov, 1990 

Genus Swantonia WALCOTT, 1905 

Fig. 5.1 

Diagnosis: See Popov and Holmer (2000). 

    Discussion: The genus Swantonia is poorly understood and only tentatively assigned to the 

Naukatidae (Popov & Holmer 2000). 

Swantonia sp. 

    Material: One external or composite mould of valve with uncertain ventral/ dorsal affinity originates 

from the Fritzaspis biozone, Gold Coin Member of the Campito Formation (1820-1).    

    Description: Ventral/dorsal affinity of material uncertain; valve convex; sub-triangular in outline. 

Maximum width located at two thirds of the length of valve from posterior margin. Shell slightly 

wider than long, approximately 4% wider; 9.5 mm wide and 9.1 mm long. Posterior margin pointed, 

apical angle of 110°. Anterior margin strongly convex; commissure rectimarginate. Shell ornamented 

by radial, robust, rounded ribs and fine concentric bands. The radial ribs broaden distally and are often 

more or less fragmented, making their exact number uncertain. Two raised, round platform present 

near the umbo; platforms slightly thicker than the radial ribs.  

    Discussion: The single specimen is referred to Swantonia as this is the only genus known to have 

the described shell outline and ornamentation in the lower Cambrian of Nevada and California. It is 

unknown if the specimen represents is a dorsal or ventral valve. The specimen doesn’t provide much 

in the way of new insights into this problematic genus, except for the raised platforms that are 
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interpreted as muscle scars or possible external pits since they are too thick to be part of broken ribs. 

Since information about the internal features of the genus are rare the presence of muscle scars has not 

been reported previously (compare Popov & Holmer 2000). The valve’s width and length is 

compatible with measurements of the type species Swantonia antiquata (see Billings 1861) but 

concentric bands seen in this material have not been described previously for S. antiquata (e.g. 

Walcott 1905). S. antiquatais characterized by having 8-12 ribs, but since preservation of Swantonia 

sp. is inadequate to accurately count them, it is not possible to compare them on this basis. The 

uncertainty regarding ventral/dorsal affinity of this material and the material for S. antiquata (as 

discussed by Rowell 1977) is another problem. Ventral valves are dominant in Swantonia antiquata 

and Swantonia weeksi Walcott, 1905, which could indicate that Swantonia sp. is most likely ventral, 

but more material and characters are needed to settle the affinity of the valve. Swantonia weeksi, has 

previously been found in the same area as this material, albeit from much younger rocks (S. weeksi 

originates from the upper “Nevadella” biozone of the Middle Member, Poleta Formation), but the 

radial ribs are too broad in Swantonia sp. to belong to this species (see Walcott 1905; Rowell 1977). 

Swantonia? sp. indet. of Shaw (1962) is more elongated in shape than Swantonia sp. It is possible that 

Swantonia sp. represents a new species but more material is needed to confidently justify the erection 

of a new species. Especially with regard to the number of radial ribs additional information is needed 

as they are considered to be an important distinguishing character for species of Swantonia.  

 

Class KUTORGINATA Williams & others, 1996 

Order KUTORGINIDA Kuhn, 1949 

Superfamily KUTORGINOIDEA Schuchert, 1893 

Family KUTORGINIDAE Schuchert, 1893 

Genus Kutorgina BILLINGS, 1861 

Diagnosis: See Popov and Williams (2000). 

    Remarks: A substantial amount of Kutorgina specimens are heavily fragmented and will therefore 

not be used in the description, but since the characteristic robust concentric ornamentations for the 

Kutorgina specimens described herein are present for the fragments they are still assigned to 

Kutorgina (Popov & Williams 2000). These specimens are labelled in the material section of 

Kutorgina cf. perugata as undetermined Kutorgina material. 

Kutorgina cf. perugata Walcott, 1905 

Fig. 5.2, 5.3, 5.4, 5.5, 5.6 

    Material: The majority of the Kutorgina material comes from the Fritzaspis biozone, Gold Coin 

Member of the Campito Formation. Four ventral and three dorsal valves found in the Fritzaspis 

biozone (vv: 1061-24, 1061-?, 1821-4a/b, 1821-5a/b, dv: 1061-17, 1061-23a/b, 1821-5a/b). 22 valves 

of that material is fragmented or poorly preserved and is only assigned to Kutorgina at a genus level 

(iv: 1061-1, 1061-3, 1061-5, 1061-7, 1061-13, 1061-14, 1061-18, 1061-19, 1061-21, 1061-25, 1061-
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26, 1061-32, 1061-33, 1061-35, 1061-36, 1061-42, 1083-7, 1083-13, 1557-1, 1747-8, 1747-12, 1747-

17). Material from the “Fallotaspis” biozone from the Montenegro Member of the Campito Formation 

consists of one ventral valve and three disputed dorsal valves (vv: 1136-9, dv: 1385-4, 1462-6-1, 

1462-6-2). All material for Kutorgina cf. perugata are preserved as external moulds. 

    Diagnosis: See Rowell (1977). 

    Description: Shell ventribiconvex, transversely oval to subrectangular in outline. Position of 

maximum height variable for both valves, from apex to one third of vale length from the posterior 

margin; maximum width at about midlength for both valves. Maximum width: 14.5 mm; maximum 

length: 11.9 mm. Posterior margin of valves straight to almost straight; anterior margin slightly 

convex in shape. Shell ornamentation by thick, rounded, concentric rugae; ornamentation less 

prominent near apex. No internal features are found for this material. Ventral valve moderately to 

strongly convex, cardinal area apsacline and beak protruding slightly from posterior margin. Dorsal 

valve gently convex to flat; beak typically marginal; cardinal area is often obscured in this material, 

bisected by open notothyrium in a few specimen with more well defined cardinal area.  

    Discussion: Specimens 1061-19 and 1557-1 are reassigned from Obolellida (Hollingsworth 2005, 

fig. 5) to Kutorginida, specifically Kutorgina. The size range of Kutorgina perugata described by 

Walcott (1912a) is consistent with the material seen here, although the maximum size of the ventral 

valves is slightly smaller than the one described by Walcott (1912a) and the maximum size of the 

dorsal valve is slightly bigger for this material. The position of the maximum height of the ventral 

valve is described for K. perugata by Walcott (1912a) to occur near the umbo or at the apex whilst in 

Rowell (1977) it is described to occur at one third of valve length from posterior margin, this could 

suggest that the location of the maximum height is variable within the species. The ventral specimens 

(and dorsal specimens) possess a variable location from the apex to the one third of valve length from 

posterior margin for this material supports this. K. perugata has previously been described from 

Nevada by Walcott (1912a), that material was later revised by Rowell (1977). The Walcott´s material 

is thought to originate from the Middle Poleta Formation (Rowell 1977), making the material from the 

Gold Coin Member and the Montenegro Member of the Campito Formation slightly older.  

    Kutorgina cingulata Billings, 1861 has previously been described from Esmeralda County but this 

species differs from K. cf. perugata by its incurved ventral apex differ it from this material (Walcott 

1912a). K. perugata is characterised by rhomboidal micro-ornaments (Rowell 1977), which is not 

visible in any of the studied specimens. It is, however, likely that the coarse external moulds of the 

specimens would prevent any micro-ornaments from being visible. The material is therefore only 

tentatively placed within K. perugata due to the lack of microornamentations.  
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Figure 5. Light photographs of naukatids and kutorginids. Scale bar equals 1 mm for all specimens. (1) 

Swantonia sp. Dorsal/ ventral affinity uncertain. Mould of exterior? of valve. Specimen 1820-1. (2-5) Kutorgina 

cf. perugata. (2) External mould of dorsal valve. Specimen 1061-17. (3) External mould of ventral valve. 

Specimen 1136-9. (4) Exterior mould of dorsal valve. Specimen 1061-23a. (5) Exterior mould of ventral valve. 

Specimen 1061-24. (6) Kutorgina fragment. External mould of dorsal? valve. Specimen 1557-1. (1, 2, 4-6) 

originates from the Fritzaspis biozone of the Gold Coin Member, Campito Formation and (3) originates from the 

“Fallotaspis” biozone of the Montenegro Member, Campito Formation. 

 

Genus Agyrekia KONEVA, 1979 

Diagnosis: See Popov and Williams (2000). 

Agyrekia? sp. 

Fig. 6.3 

    Material: One ventral, possibly juvenile, poorly preserved valve from the Fritzaspis biozone from 

the Gold Coin Member of the Campito Formation (v: 1747-14a). Valve preserved as an external 

mould. 

    Description: Valve small, sub-circular in outline; convex in lateral profile. Width and length almost 

the same, slightly wider than long, width is measured to 4.8 mm and length to 4.7 mm, greatest width 

and height just behind the raised posterior margin. Posterior margin raised at apex, procline cardinal 

area, raised posterior margin interpreted as a broken, raised triangular interarea preserved as a 

triangular slit. Anterior margin strongly convex; commissure rectimarginate. Valve ornamented by 

poorly preserved, coarse radial costellae. No internal or dorsal information is available. 

    Discussion: The single specimen is questionably assigned to Agyrekia. It possesses many 

similarities with the described dorsal valve of ?Nisusia sp. of Rowell (1977) regarding outline, 

triangular slit and radial ornamentation. The ventral affinity of the valve is, however, not based on 

these similarities and neither is the systematic placement. The triangular slit observed at the posterior 

margin of Agyrekia? sp. could be a ventral delthyrium as seen in Nisusia, e.g. Nisusia borealis Cooper 
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1936, or a broken interarea from Agyrekia specimens. Ventral material of Nisusia for the Lower 

Cambrian and early Middle Cambrian in Laurentia can be observed in e.g. Bell (1941), Cooper (1936), 

Rowell (1977) and Walcott (1905). In all of these ventral valves (and in most dorsal valves as well) 

the outline of the valve is semi-oval with the maximum width exceeding the maximum length. In 

addition, Nisusia is characterized by cardinal extremities, something that is not notable in this 

specimen.  

    A sub-circular outline of the shell is not characteristic for Nisusia (Popov & Williams 2000), but has 

been described for a dorsal valve of ?Nisusia sp. of Rowell (1977: pl. 3, fig. 1) from Inyo County, 

California. The dorsal valve illustrated by Rowell (1977) is similar to Agyrekia? sp. in outline, 

ornamentation and triangular slit but the Rowell material is much bigger, being close to 20 mm in 

width compared to barely 5 mm. It is, however, possible that the specimen from the Gold Coin 

Member represents a juvenile valve, which could explain the size difference. No concentric 

ornamentation is found either, but this could be due to taphonomy. Features that could support that the 

juvenile nature is not preserved due to the coarseness of the rock and so it is it could also be a smaller 

species. The Rowell (1977) material was also acquired from Campito Formation in Nevada but is 

slightly younger, belonging to the Montenegro Member. The original material from Rowell (1977) is 

only tentative assigned to Nisusia due to the lack of preserved supra-apical foramina, well preserved 

posterior margin for ventral valves and clearly defined interarea, this material also lacks those features. 

The characteristic spines for the genus (Popov & Williams 2000) are also missing from this material 

and for the Rowell (1977) material. Rowell notes that the material probably should be assigned to a 

new genus but that the material was inadequate to do so. The observed similarities to ?Nisusia sp. of 

Rowell (1977) are not enough to place the single specimens in Nisusia, especially considering the 

questionable placement in the original publication and the lack of characters characteristic for Nisusia. 

    The genus Agyrekia is a much more likely candidate for this material as it possesses many similar 

features, if the characteristic triangular interarea for Agyrekia had been eroded away from this material 

producing the triangular slit. The inclination seen in posterior part of this specimen and the general 

outline of it also match Agyrekia. The ornamentation of Agyrekia is characterized by concentric fila 

and fine radial striations (Popov et al. 1997; Popov & Williams 2000), but no concentric 

ornamentation is visible Agyrekia? sp. and its radial ornamentation could be argued to be too robust to 

be considered fine in nature. The lack of concentric ornamentation could be due to the probable young 

age or due to the coarse preservation of this specimen. ?Nisusia sp. of Rowell (1977), however, 

possesses both concentric and radial ornamentations as characteristic for Agyrekia. Hence it is possible 

that the dorsal valve of ?Nisusia sp. of Rowell (1977) should be reassigned to Agyrekia. Based on 

similarities between to Agyrekia coupled with difference to Nisusia, the single specimen is assigned to 

Agyrekia. The placement is however tentative since the concentric ornamentation typical for this genus 

has not been observed.  
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Kutorginida gen. et. sp. indet. 

Fig. 6.1 

Material: One valve (dorsal?) from the Fritzaspis biozone, Gold Coin Member of the Campito 

Formation (1061-39).  Valve preserved as an external mould. 

    Description: Questionable dorsal valve slightly convex; outline transversely sub-oval. Maximum 

width of valve at about midlength; width 34 % larger than length; 5.5 mm wide and 4.1 mm long. 

Posterior margin straight, apex just in front of posterior margin, cardinal extremities obtusely angular. 

Anterior margin weakly convex, rectimarginate. Ornamentation by rounded, coarse concentric ridges 

and rounded, coarse radial costellae; when the two ornamentations intersect faint knobs are present.  

    Discussion: The specimen comes from a sample dominated by Kutorgina specimens to which it is 

very similar, except for the presence of radial ornamentations. Species of Kutorgina with radial 

ornamentation include Kutorgina granulata Matthew, 1899a and material referred to as Kutorgina 

magna by Pokrovskaya, 1959, but both of these species were removed from Kutorgina by 

Malakhovskaya (2013), due to other issues but Malakhovskaya noted the pronounced radial 

ornamentation is not typical for Kutorgina, and that they should be referred to another genus. No 

suggestion for the placement of the species was done and their genus is still undecided. Some of the 

specimens of Rustella Walcott (1905), today assigned to Kutorgina, also bear radial ornamentation 

(see illustration in Walcott 1912b: pl. 1, fig. 1d). This begs the question if Kutorgina can in fact bear 

radial ornamentation or if these specimens are otherwise closely related to Kutorgina.  

    Hollingsworth (2005: fig. 5b) assigned the specimen to the Order Obolellida, but since it clearly 

possesses a straight posterior margin, whilst obolellids do not (Popov & Holmer 2000), that 

assignment is rejected in favour of Kutorginida. A possible genus assignment for Kutorginida gen. et. 

sp. indet. is Nisusia due to the straight posterior margin, rectimarginate commissure, presence of 

costellae and nodes (compare Popov & Williams 2000; Mao et al. 2016). The shape of the valve for 

Nisusia is characterized as semioval in outline (Popov & Williams 2000; Mao et al. 2016) which 

matches this materials transverse oval outline. The lack of preserved spines, present ventral? material 

and interior features for Kutorginida gen. et. sp. indet. prevents an assignment to Nisusia at present.  

 

Superfamily NISUSIOIDEA Walcott & Schuchert, 1908 

Family NISUSIIDAE Walcott & Schuchert, 1908 

Genus Nisusia WALCOTT, 1905 

Diagnosis: See Popov and Williams (2000). 
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Figure 6: Light photographs of kutorginids and order indet. Scale bar equals 5 mm for (2) and 1 mm for all other 

specimens. (1) Kutorginida gen. sp. indet. External mould of dorsal? valve (specimen 1061-39). (2) 
Rhynchonelliformea gen. and sp. indet.3. External mould of dorsal? valve (specimen 1580-6). (3) ?Agyrekia sp. 

External mould of ventral valve, coarse radial ribs can be observed in front of apex (specimen 1747-14a). (4) 

Nisusia cf. fuller. External mould of dorsal? valve showing radial, irregular, wavy riblets (specimen 1213-33b). 
(5) ?Nisusia sp. 2. External mould of dorsal? valve (specimen 1887-1-2). (6) ?Nisusia sp. 1. External mould of 

dorsal? valve (specimen 1875-2-1). (7) ?Nisusia sp. 3. Ventral? valve exterior sowing bigger pustules on the 

surface of the valve (specimen 1433-7b). (1, 3, 5, 6) originate from the Fritzaspis biozone of the Gold Coin 

Member, Campito Formation, (2, 4) originates from the “Nevadella” biozone of the Montenegro Member, 

Campito Formation and (7) originates from the “Fallotaspis” biozone from the Montenegro Member, Campito 

Formation. 

 

Nisusia cf. fulleri Mount, 1981 

Fig. 6.4 

    Material: Brachiopod material from locality 1213 is deformed due to tectonic processes making 

exact measurements impossible. One external mould of valve (dorsal?) from the “Nevadella” biozone 

from the Montenegro Member, Campito Formation (1213-33a/b). 

    Diagnosis: See Mount (1981). 
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    Description: Questionable dorsal valve slightly convex, transversely rectangular in outline. Valve 

about 30% wider than long; valve measures 13.5 mm in width and 10.5 mm in length. Location of 

maximum width of valve uncertain due to tectonic deformation (sheared); it appears to be located at 

midlength, but the posterior margin is almost as wide. Posterior margin straight; beak protruding 

behind the margin; cardinal processes slightly obtuse and flatter than the rest of the valve. Umbonal 

area wide, widely convex; protruding from the posterior margin; apical angle about 150°. Anterior 

margin incomplete, commissure appears to be slightly unisulcate to rectimarginate. The distal areas 

close to the margins are slightly flatter than the rest of the valve. Valve ornamented by wavy, flimsy 

radial riblets and concentric grooves, radial riblets less pronounced close to the posterior margin; 

ornamentation cancellate during overlap of the concentric and radial ridges. Ornamentation absent for 

most of the midwidth of valve, only occur near posterior margin at midwidth. Ventral? material 

missing. Internal features unknown. 

    Discussion: The ornamentation of wavy wrinkles has previously been described for Brevipelta 

(Geyer 1994) where it was considered to be generated by compaction of the sediment. It should be 

noted that N. cf. fulleri and the co-occurring Cymbricia sp. 1 are the only taxa from this biozone which 

possess wrinkled riblets (Mickwitzia occident from the “Fallotaspis” biozone sometimes possess 

riblets as well). The wavy nature of the radial ornamentations found in three different genera supports 

that it is not a taxonomic feature. The original radial ornamentation likely obtained its present wavy 

nature during diagenesis. 

    The specimen described herein is similar to Nisusia fulleri Mount, 1981 from the Bonnia-Olenellus 

Biozone of the Latham Shale, California. It matches N. fulleri in size, outline, cardinal extremities, 

general convexity of anterior margin and umbo and overall ornamentation. The main differences are 

the posterior margin, presence of a sulcus and detailed radial ornamentation. The posterior margin of 

N. fulleri is characterised as being the widest area of the shell and although the posterior margin of the 

specimen is wide it is not the widest part of the shell, possible due to shear deformation which 

obscures the original shape slightly. The apical angle for the umbonal area is somewhat greater here 

than the 112° described previously for N. fulleri and the umbonal area is also wider here than what has 

been described before. N. fulleri is characterised by a sulcus which cannot with certainty be observed 

for Nisusia cf. fulleri due to the incompletely preserved anterior margin. The area that lacks 

ornamentation in N. cf. fulleri corresponds to the area of the sulcus in N. fulleri. N. fulleri is 

characterised by costellae of three different strengths, something that could not be observed for N. cf. 

fulleri, but the deformed nature of the radial riblets would probably obscure such features if they were 

present. Dorsal and ventral valves are not distinguished in the original description of N. fulleri (Mount 

1981). The number of features that differ between this material and the described N. fulleri from 

California is enough to warrant some caution in classifying them as the same species. However, since 

most of these characters are obscured due to deformation and are not necessarily original features, they 

are still comparable to each other. 
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Nisusia? sp. 1 

Fig. 6.6 

    Material: One ventral and one dorsal valve from the Fritzaspis biozone, Gold Coin Member of the 

Campito Formation (vv: 1875-2-1, dv: 1875-2-2). Specimens preserved as external moulds. 

    Description: Shell ventribiconvex; transversely sub-rectangular in outline. Maximum width 15.3 

mm, maximum length 11.5 mm. Anterior margin slightly convex; commissure rectimarginate. Shell 

ornamented by rounded costellae and concentric fila; fila more common marginally; nodes present at 

overlapping fila and costellae. Internal features not known. Ventral valve fragmented, lacking 

posterior margin; retained convexity higher than for the dorsal valve. Dorsal valve nearly flat with 

maximum width at midlength; maximum width approximately 30% broader than maximum length. 

Dorsal posterior margin obtuse apically, apical angle for ventral valve about 140°. Posterior margin 

slightly narrower than widest part of dorsal valve, cardinal extremities obtusely angular. 

    Discussion: The specimens are tentatively assigned to Nisusia due to the lack of features for the 

ventral valves, lack of material for the interior of valves as well as lack of spines. Spines are 

characteristic for the genus but it is not uncommon that they are lacking, e.g. Nisusia deissi Bell, 1941, 

Nisusia granosa Mao, Wang and Zhao, 2014 and Nisusia montanaensis Bell, 1941. Nisusia is 

characterized by a transverse rectangular outline, ornamented by costa and a rectimarginate 

commissure (Popov & Williams 2000), which is consistent with this material. Specimens of Nisusia 

published by Bell (1941) show several similarities with Nisusia? sp. 1, such as the transverse outline, 

the width of the hinge line, the angle of the cardinal extremities, similar ornamentation, rectimarginate 

commissure and an apical angle which supports that this material belongs to Nisusia despite the lack 

of characters for the ventral valve.  

    The general outline, rectimarginate commissure, apex angle and partly the ornamentation of 

Nisusia? sp. 1 is similar to that of Ivshinella, but it is not equibiconvex and it is more rectangular than 

oval in outline which does not fit with Ivshinella (compare Popov & Holmer 2000). The distribution of 

the concentric fila for Nisusia? sp. 1 doesn’t match the growth lines seen in Ivshinella specimens 

either and the radial ornamentation is more robust than what is characteristic for Ivshinella. Ivshinella 

has also never been recorded from Laurentia. The genus Narynella Andreeva, 1987, is similar to 

Nisusia but lacks spines (Popov & Williams 2000) which match Nisusia? sp. 1. However, Narynella is 

also characterized by a unisulcate commissure (Geyer et al. 2014) which is not seen in Nisusia? sp. 1. 

 

Nisusia? sp. 2 

Fig 6.5 

    Material: One dorsal valve and one ventral valve from the Fritzaspis biozone, Gold Coin Member 

of the Campito Formation (vv: 1887-1-1, dv: 1887-1-2).  Specimens preserved external moulds. 
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    Description: Shell ventribiconvex; slightly transversely rectangular in outline. Maximum width at 

midlength for both valves. Maximum width: 15 mm, maximum length 11 mm. Posterior margin 

straight, cardinal extremities obtuse, hinge width less than width at midvalve. Anterior margin gently 

convex; commissure rectimarginate. Ventral valve slightly conical, highest at the apex; interarea partly 

missing but is reconstructed as relatively low and catacline; apex missing. External surface 

ornamented by radial ridges. No specimens showing internal characters found for this taxon. Ventral 

valve has a slightly higher width/length ratio than the dorsal valve. Dorsal valve convex with apical 

region of valve mostly missing.   

    Discussion: The genus Narynella is similar to Nisusia? sp. 2. Narynella is characterised in being 

similar to Nisusia with the exception of the lack of spines and the presence of a unisulcate commissure 

(Popov & Williams 2000; Geyer et al. 2014). The ornamentation of Nisusia? sp. 2 is more compatible 

with Narynella than with Nisusia, but it doesn’t possess a unisulcate commissure. Hence, a placement 

of Nisusia? sp. 2 in Narynella is not supported (compare Popov & Holmer 2000). Nisusia? sp. 2 differ 

from Nisusia? sp. 1 in possessing a straight posterior margin and a convex lateral profile for the dorsal 

valve. It also lacks the ornamentation of nodes is also on its radial ribs as is characteristic for Nisusia? 

sp. 1. The specimens differ from Nisusia? sp. 3 by possessing radial ornamentation, lacking pustules 

and a lamellose shell structure as well as having an assumed lower width/length ratio.  

    The characteristic features regarding the external parts of the shell for Nisusia matches Nisusia? sp. 

2 except for the lack of the characteristics spines or knobs (compare Popov & Williams 2000; Mao et 

al. 2016) often found in Nisusia. However, the preservation of the specimens in relatively coarse 

sandstone could be responsible for this. The material´s ventribiconvexity, outline, inclination of 

ventral valve, radial ornamentation, and age is consistent with Nisusia. The specimens are, however, 

tentatively assigned to Nisusia due to the lack of spines and internal features. The material is 

inadequate to be assigned to a described species.  

 

Nisusia? sp. 3 

Fig. 6.7 

    Material: One ventral valve from the “Fallotaspis” biozone from the Montenegro Member, Campito 

Formation (vv: 1433-7a/b). 

    Description: Original shell surface preserved for single ventral valve; valve conical; elongate sub-

rectangular? in outline. Location of maximum width unknown; maximum height at apex. Width of 

posterior margin 21.5 mm. Posterior margin almost straight, cardinal extremities obtuse. Cardinal area 

fairly high, triangular and procline; possessing a broad, triangularly delthyrium. Anterior margin 

missing. Shell slightly lamellose, ornamented by irregular pustules; diameter of pustules: 100-300 µm, 

with most of them around 200 µm in diameter; the distribution of the differently sized pustules is not 

related to the distance from the margin or apex. Internal features unknown. 
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    Discussion: The presence of pustulose ornamentation is rare for Cambrian calcareous brachiopods. 

The only pustulose brachiopod genus according to Williams, Carlson and Brunton (2000) is 

Kutorgina. Both Kutorgina reticulata Poulsen, 1932 and Kutorgina perugata Walcott, 1905 from 

Early Cambrian of Laurentia possess such microornamentations that for K. reticulate is described as 

pustulose (Skovsted & Holmer 2005). However, these ornamentations are almost an order of 

magnitude smaller in diameter than the ones for Nisusia? sp. 3. This specimen possesses a slightly 

lamellose shell as characterised by Kutorgina (Popov & Williams 2000), but lacks the concentric 

ornamentation which is typically found in Kutorgina specimens (see e.g. Skovsted & Holmer 2005; 

Rowell 1977; Popov et al. 1997; Malakhovskaya 2008; Walcott 1905; 1912a). None of the reviewed 

Kutorgina species from the lower Cambrian of Laurentia were found to lack the prominent concentric 

ornamentation, indicating that Nisusia? sp. 3 does not belong to Kutorgina. The inclination of the 

cardinal area for Nisusia? sp. 3 is not characteristic for Kutorgina (see Popov & Williams 2000). 

Hence, a placement of the specimen within Kutorgina is discarded.    

    The cladistic analysis by Williams, Carlson and Brunton (2000)  also assigned the genera Nisusia 

and Narynella with pustulose-spinose ornamentation, but in their case as spinose, although Narynella 

is later noted as lacking spines (Popov & Williams 2000). An assignment of Nisusia? sp. 3 to 

Narynella is rejected based on the lack of costellate, lack of sulcus and presences of pustules. Several 

Nisusia species have been described with similar ornamentation as Nisusia? sp. 3, e.g. Nisusia metula 

Brock, 1998, Nisusia alaica Popov and Tikhonov, 1990, Nisusia lickensis Bell, 1941, Nisusia granosa 

Mao, Wang and Zhao, 2014 and Nisusia vaticina Verneuil & Barrande, 1860 (see Bell 1941; Popov & 

Tikhonov 1990; Brock 1998; Wotte & Mergl 2007; Mao et al. 2016). All of these have been described 

with spines, spine bases, beads or nodes on the surface costellae. These nodes are similar to the 

pustules seen herein, with some differences. The nodes described previously in Nisusia all occur on 

top of radial ornamentation, whilst Nisusia? sp. 3 lacks radial ornamentation all together. The pustules 

seen also seem to be to irregularly distributed to form any visible concentric or radial pattern.   

    The characteristic features of Nisusia match Nisusia? sp. 3 except for the lack of radial 

ornamentation and spines. Due to the lack of internal characters as well as radial and spiny 

ornamentation this material is only tentatively assigned to Nisusia. Nisusia? sp. 3 differs from 

Nisusia? sp. 1 and sp. 2 in lacking radial ornamentation and by possessing distinct pustules and a 

lamellose shell structure. 
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Class RHYNCHONELLATA et al., 1996 

Order ORTHIDA Schuchert & Cooper, 1932 

Suborder ORTHIDINA Schuchert & Cooper, 1932 

Superfamily ORTHOIDEA Woodward, 1852 

Family BOHEMIELLIDAE Havlícek, 1977 

Genus Cymbricia ROBERTS & JELL, 1990 

Diagnosis: Shell ventribiconvex, rounded-rectangular, rectimarginate commissure with variable 

cardinal extremities; multicostellate, concentric lamellae fine, cancellate; ventral interarea planar, 

dorsal one curved; ventral muscle field subcordate with adductor track inserted anteromedianly in 

heart-shaped pit and not enclosed by elongate diductor scars; cardinal process ridgelike, not always 

developed (modified after Roberts & Jell 1990 and Williams & Harper 2000). 

Cymbricia sp. 

Fig. 7.1, 7.2 

    Material: Material from the “Nevadella” biozone of the Montenegro Member, Campito Formation, 

consists of three ventral and three dorsal valves (vv: 1213-10, 1213-25a/b, 1581-6 dv: 1213-8, 1213-

32, 1691-4). Specimens preserved as external moulds. 

    Description: Shell biconvex; convexity varies with ontogenetic stage in both valves, which 

aggravates the diagnosis of which valve is inherently more convex. Shell transversely suboval in 

outline, maximum width located around midlength. Maximum width 21.3 mm, maximum length 14.8 

mm. The posterior margin for all specimens slightly obscured or absent, preventing a distinction of the 

shape of the margin; beak seems to protrude slightly posteriorly from margin for both valves. Anterior 

margin slightly convex; commissure rectimarginate. Ornamented by flimsy radial riblets and 

concentric grooves, ornamentation cancellate when they intercept each other; radial ornamentation not 

present for all specimens. Ornamentation less pronounced at midwidth. Interior features not observed. 

Maximum height at 0.25% of valve length in front of posterior margin for ventral valve and at 

midlength for dorsal valve.  

    Discussion: Radial riblets interpreted as multicostellate for Cymbricia sp. The specimens lacking 

radial ornamentation are only tentatively placed with the rest of the material (1581-6, 1691-4). The 

specimens are assigned to Cymbricia based on the outline, rectimarginate commissure, ornamentation 

and the size and height between the dorsal/ventral valves (see Roberts & Jell 1990; Williams & Harper 

2000). The convexity for both dorsal and ventral valves and their occurrence of the maximum height 

for the type species Cymbricia spinieostata Roberts and Jell, 1990 is similar to the valves described 

herein. The diagnosis and description of Cymbricia matches better than the diagnosis of Nisusia based 

on the ornamentation, biconvexity of the shell, lack of high ventral interarea and commonly also the 

description of the posterior margin (see Popov & Williams 2000). Cymbricia was first published by 

Roberts and Jell (1990), from the lower Middle Cambrian The age gap between lower Middle 

Cambrian and Lower Cambrian is substantial but since Cymbricia is not well recorded (the only 
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published material is from the type material from Australia in Roberts and Jell, 1990) the stratigraphic 

and geographic distribution is likely wider than currently recorded. The age gap is therefore not 

considered to be a substantial disadvantage for the assignment to Cymbricia as it would have been for 

a more well-known genus. 

    The specimens of Cymbricia sp. 1 are remarkably similar to the described ventral valves of ?Nisusia 

sp. of Rowell (1977) from the Montenegro Member of the Campito Formation in California, but there 

is no match for the described dorsal valve for the Rowell material and Cymbricia. The suboval outline, 

size, apparent lack of median sulcus and ornamentation match between Cymbricia sp. and ?Nisusia sp. 

It is likely that they belong to the same genus, but since the material described by Rowell (1977) is 

only tentatively assigned to Nisusia and the specimens described herein do not match Nisusia an 

assignment to Nisusia is not made. It is proposed that both Cymbricia sp. and ?Nisusia sp. of Rowell 

(1977) should belong to Cymbricia and not Nisusia, despite lack of internal features for both species.  

 

Genus Wimanella WALCOTT, 1908 

Diagnosis: See Williams and Harper (2000). 

Wimanella cf. simplex Walcott, 1908 

Fig. 7.4, 7.5 

    Material: Material for Wimanella cf. simplex originates from the Fritzaspis biozone, Gold Coin 

Member of the Campito Formation and consists of three ventral, two dorsal valves and three 

undetermined valves (vv: 1485-8-1, 1485-5-2, 1769-6, dv: 1485-2, 1485-9-1, iv: 1485-8-3, 1485-9-2, 

1485-9-3). Specimens preserved as external moulds.  

    Diagnosis: See Wimanella simplex Walcott, Distinguishing characters in Bell (1941). 

    Description: Shell ventribiconvex; valve outline sub-quadrate. Maximum width of shell located at 

midlength. Maximum width 11 mm, maximum length 7.7 mm. Maximum height in front of beak for 

both valves. Posterior margin straight, cardinal extremities obtusely angular. Anterior margin is 

strongly convex, commissure of valve rectimarginate. Beak protrudes slightly beyond the hinge line; 

beak raised above hinge line, slightly incurved; angle of beak ca. 130°. Surface of valves smooth with 

no visible ornamentations. No material available in which internal surface of shell can be observed. 

Maximum height of ventral valve is located at 30-40% of valve length from posterior margin. For 

dorsal valves the maximum height is located at 15-22% of valve length from posterior margin. The 

dorsal valves is slightly sulcate.  

    Discussion: The characters noted by Walcott (1908) and Bell (1941) for Wimanella simplex 

Walcott, 1908 such as the higher convexity in ventral valves compared to the dorsal valve, the raised 

beak, the smooth surface, the subquadrate to subsemicircular outline, hinge shorter than maximum 

width, obtuse cardinal extremities and the rectimarginate commissure match the specimens assigned to 

W. cf. simplex. However, since all distinguishing internal features cannot be observed in the material 

at hand, it is only tentatively identified as W. simplex. Wimanella cf. simplex is distinguished from 
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Wimanella mollensis Benedetto and Foglia, 2012 by its slightly sulcate dorsal valve and the shorter 

posterior margin, which is much broader in W. mollensis (see Benedetto & Foglia 2012). It is 

distinguished from Wimanella tricavata Roberts and Jell, 1990 by the location of the maximum width 

which in W. tricavata occurs at the posterior margin (see Roberts & Jell 1990) and at midlength for W. 

cf. simplex. Wimanella aurialis Bell, 1941 possesses distinct mucronate cardinal processes (Bell 

1941), something not observed in W. cf. simplex.  

 

Wimanella sp. 

Fig. 7.3 

    Material: Two valves of unknown dorsal/ventral affinity from the “Fallotaspis” biozone from the 

Montenegro Member of the Campito Formation (1455-2-1, 1455-2-2).  

    Description: Valves highly convex; outline rounded rectangular. Maximum width located slightly 

anterior to posterior margin; shell 25-40% wider than long. Maximum width 11.3 mm, maximum 

length 9.5 mm. Maximum height in front of beak in the smaller specimen and around midlength of 

valve on the bigger specimen. Shell bulging, especially in area of maximum height. Posterior margin 

straight; cardinal processes rounded, obtuse; beak marginal and wide, angle of beak ca. 150°. Anterior 

margin is slightly convex; commissure rectimarginate. External surface ornamented by fine radial 

ridges and rare concentric bands of growth. Internal features unknown.  

    Discussion: Specimens appear to be highly deformed. The different location of the maximum height 

of the specimens is speculated to be a possible dorsal/ventral distinction. It could also be due to 

deformation, particularly for the bigger valve. Since there is not enough material or characters to 

distinguish which possibility is the correct one, the problem will remain open for discussion until more 

material can be obtained. Radial ribs are fairly rare in Wimanella but can be seen in Wimanella 

highlandensis (Walcott 1886). Other features for W. highlandensis such as the location of the 

maximum width, the width/length ratio and the shape of the shell (Bell 1941; Mount 1980) are not a 

match for Wimanella sp. Although this species is not a match for Wimanella sp. it still introduces 

documentation of radial ornamentation for Wimanella from Laurentia on the internal and external 

surfaces (Bell 1941; Mount 1980). The concentric ornamentation, features of the posterior and anterior 

margin observed match that of Winmanella (see Williams & Harper 2000). The similarities to 

Winamenlla are argued to be robust enough that two valves can be assigned to this genus with 

confidence despite the lack of internal features and the rarity of radial ornamentation, especially since 

no other genus is a strong contestant for this material.  
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 Figure 7. Light photographs of kutorginids, bohemiellids and order indet. Scale bar equals 1 mm for all 

specimens. (1-2) Cymbricia sp. (1) External mould of ventral valve (specimen 1213-25b). (2) External mould of 

dorsal valve (specimen 1213-32). (3) Wimanella sp. Ventral/ dorsal affinity uncertain. External mould of valve 

(specimen 1455-2-1). (4-5) Wimanella cf. simplex. (4) External mould of ventral valve (specimen 1769-6). (5) 

External mould of dorsal valve (specimen 1485-2). (6) Rhynchonelliformea gen. and sp. indet. 1. Ventral/ dorsal 

affinity undetermined. External mould of valve (specimen 1586-5). (7-9) Rhynchonelliformea gen. and sp. indet. 

2. (7) External mould of ventral valve (specimen 1819-3). (8) External mould of ventral valve (specimen 1875-

1). (9) External mould of dorsal valve (specimen 1341-1b). (1, 2, 6) originates from the “Nevadella” biozone of 

the Montenegro Member, Campito Formation, (3, 9) originates from the “Fallotaspis” biozone of the 

Montenegro Member, Campito Formation and (4, 5, 7, 8) originates from the Fritzaspis biozone of the Gold 

Coin Member, Campito Formation.   

  

Rhynchonelliformea gen. et sp. indet. 1 

Fig. 7.6 

Material: Two valves of uncertain ventral/dorsal affinity from the “Nevadella” biozone of the 

Montenegro Member, Campito Formation (1586-5, 1586-6). Specimens preserved as external moulds. 

    Description: Ventral/dorsal affinity of valves unknown. Valves slightly convex in lateral profile; 

slightly elongate sub-oval to sub-circular in outline, slightly asymmetrical due to tectonic deformation 

(sheared). Location of maximum width uncertain due to deformed shell. Assumed maximum width 8.4 

mm, maximum length 7.3 mm. Maximum height approximately 9% of valve length. Posterior margin 

almost straight, short; pointed beak protruding slightly from posterior margin, apical angle at 150°; 
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cardinal area apsacline. Anterior margin gently curved; commissure rectimarginate. Ornamentation 

consists of faint concentric ridges. Material showing internal features absent.  

    Discussion: Only two valves from the same locality are assigned to Rhynchonelliformea gen. et sp. 

indet. 1 and the higher systematic assignment is open for debate. One valve is broken anteriorly and 

obscured posteriorly (specimen 1586-6) and the other is slightly deformed due to shear (specimen 

1586-5), severely limiting the information that can be obtained from them. The valve deformed by 

shearing contains more information than the broken specimen so it was the one mainly used for the 

description. The two specimens possess a similar shape and size, this combined with the same original 

localities leads them to being assigned to the same taxon. The material is comparable to Obolella 

based on the overall outline, partly ornamentation and marginal ventral? beak as well as the present of 

this genus from this biozone (compare Rowell 1977). However, the straight posterior margin (Popov 

& Holmer 2000) rejects an assignment to this genus. It should be noted though, that since the valve 

possessing an posterior margin has been deformed due to shear the posterior margin could also have 

been affected. If more material is found for Rhynchonelliformea gen. et sp. indet. 1 where the 

posterior margin is not straight it should be noted that Obolella is the most likely systematic position 

for the material. No more specific systematic affinity could be made at the moment. 

 

Rhynchonelliformea gen. et sp. indet. 2 

Fig. 7.7, 7.8, 7.9 

Material: Four ventral valves and two dorsal valves from the Fritzaspis biozone of the Gold Coin 

Member, Campito Formation (vv: 1819-3, 1819-4-1, 1819-4-4, 1875-1, dv: 1819-4-2, 1819-4-3). One 

dorsal valve from the “Fallotaspis” biozone of the Montenegro Member, Campito Formation (dv: 

1341-1a/b). One dorsal valve known from the “Nevadella” biozone of the Montenegro Member of the 

Campito Formation (dv: 1587-6). Specimens preserved as external or possible composite (1341-1a/b) 

moulds. 

    Description: Shell ventribiconvex; transversely oval to rounded-rectangular in outline. Maximum 

width located at midlength for both valves. Maximum width 21.6 mm, maximum length 18.6 mm. 

Maximum height located at apex. Posterior margin straight, raised at mid-width forming a crescent 

shape in lateral view; apex located just in front of posterior margin; cardinal extremities obtuse. 

Anterior margin convex; commissure rectimarginate. Shell ornamented by fine, concentric growth 

line; ornamentation not always visible. Ventral valve is higher than dorsal valves and the delthyrium is 

also more highly and broadly raised than the equivalent structure in dorsal valves; cardinal area 

apsacline for ventral valve and procline for dorsal valve.  

    Discussion: The morphology of Rhynchonelliformea gen. et sp. indet. 2 is fairly common in the 

material from the Campito Formation and may be composed of several species, but the lack of well-

preserved material and few distinct unique characters severely impedes any decisions regarding this. 

Until further material with more characters can be studies the specimens will be considered as one 
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taxon. If not for the complete lack of radial ornamentation and spines, these specimens would have 

been strong candidates for being placed within Nisusia. However, without any hint of these 

characteristic ornamentations the material cannot yet be assigned to Nisusia. Some similarities, such as 

the outline, cardinal extremities and partly the ornamentation, exist between Rhynchonelliformea gen. 

et sp. indet. 2 and Wimanella (compare Roberts & Jell 1990; Williams & Harper 2000), but Wimanella 

is characterised by a beak on one or both of the valves protruding from the hinge line (Bell 1941), 

something that is not seen within this material. The lack of a beak is regarded as enough to exclude 

Rhynchonelliformea gen. et sp. indet. 2 from Wimanella. The lack of comparable calcareous material 

for the lower Cambrian and the few distinct characters found prevents both a genus designation and 

higher systematic placements for Rhynchonelliformea gen. et sp. indet. 2 at present.  

 

Rhynchonelliformea gen. et sp. indet. 3 

Fig. 6.2 

Material: Two questionable dorsal valves from the “Nevadella” biozone of the Montenegro Member, 

Campito Formation (1580-6, 1581-7). Valves preserved as external moulds. 

    Description: Big, almost flat questionable dorsal valve, slightly convex at apex; the valves do not 

seem to have retained their original lateral profile but appear imprinted onto the substrate; subcircular 

to elongate sub-oval in outline. Maximum width of valves located at midlength. Maximum width 28.6 

mm, maximum length 27.2 mm. Posterior margin gently convex, low triangular assumed notothyrium; 

apex occurs slightly in front of the posterior margin. Anterior margin convex; margin slightly 

deformed or missing but commissure likely to be rectimarginate. Adult shell ornamented by 

concentric fila; ornamentation lacking near apex of valve. Apparent hemiperipheral growth of dorsal 

valve. One valve possesses on the external surface a medially running groove originating from 

posterior margin and extending for approximately 9 mm. No features known for the interior of the 

valve. 

    Discussion: The flexibility of the lateral surface could possibly be due to an original organic shell, 

but this is just speculations at present. This material contains some of the biggest specimens reviewed 

herein, only some Mickwitzia specimens are bigger. The general outline is also similar to Mickwitzia, 

but this material is slightly more elongated than the Mickwitzia specimens from the same formation. 

The preservation and ornamentation for this material is radically different from Mickwitzia specimens 

from both the Campito and Poleta Formation. This material lacks the typical pustulose-reticulate 

ornamentation characteristic for Mickwitzia and the posterior margin does not match that of reported 

Mickwitziza material from the area (Mickwitzia occidens Walcott 1908) so it is not regarded as having 

a possible taxonomic affinity to Mickwitzia (see Butler et al. 2015). 

    Obolella specimens described by Walcott (1912a) from Laurentia shows a similar outline and 

sometimes a similar ornamentation to Rhynchonelliformea gen. et sp. indet. 3, albeit being less than 

half the size. The material is, however, not an overall good match to the Family Obolellidae, the shell 



38 
 

of Obolella is characterised by being subcircular to elongate oval and being ornamented by striae and 

lamella. The lamella ornamentations cannot be seen herein albeit the outline is similar. Obolella is also 

characterised by a beak (Walcott 1912; Cooper et al. 1952), which is not observed for this material. 

The partial lack of the ornamentation characteristic for Obolella and the lack of a beak are viewed as 

enough reason not to assign this material to Obolella or even the Obolellidae. The peculiar features 

seen in this material combined with the low number of features makes a more specific systematic 

placement unadvisable at the moment. The general outline, apical angle and ornamentation are similar 

between Rhynchonelliformea gen. et sp. indet. 3 and Leioria Cooper, 1976. Leioria is however 

characterised by a interarea (compare Williams & Harper 2000) and if such a feature had been present 

the posterior margin of Rhynchonelliformea gen. et sp. indet. 3 should be slightly thickened, which is 

not the case. This prevents an assignment for these two valves to Leioria. 

 

INCERTAE SEDIS ORGANOPHOSPHATIC BIVALVED STEM-GROUP BRACHIOPODS 

MICKWITZIIDS (sensu Holmer & Popov 2007) 

Genus Mickwitzia Schmidt, 1888 

Diagnosis: See Butler et al. (2015). 

Mickwitzia occidens Walcott, 1908 

Fig. 8 

    Material: Majority of all specimens are ventral valves. The material from the “Fallotaspis” biozone 

of the Montenegro Member, Campito Formation consist of one ventral valve, two dorsal valve and one 

indeterminate fragmented of valve (vv: 1069-1, dv: 1071-20, 1325-1, iv: 1437-10). One dubious 

Mickwitzia fragment of unknown ventral/dorsal affinity known from the “Nevadella” biozone of the 

Montenegro Member, Campito Formation (1213-34a/b).The material from the “Nevadella” biozone of 

the Middle Member, Poleta Formation consists of 15 ventral valves, four dorsal valves and two 

indeterminate fragments of valves (vv: 1287-10a/b, 1287-15a/b, 1287-17a/b, 1287-18, 1295-1, 1296-

35, 1296-36-1, 1296-36-2, 1296-37-1, 1296-37-2, 1296-38, 1579-2a/b, 1626-20, 1626-21, 1735-1, dv: 

1286-6, 1287-11, 1626-24, 1626-25, iv: 1296-5, 1626-19). The material from the Bonnia-Olenellus 

biozone from the Middle Member of the Poleta Formation consists of one ventral valve (v: 1629-

10a/b).   

    Diagnosis: See Butler et al. (2015). 

    Description: Shell big; outline of shell subcircular to variable ovoid in shape. Lateral profile of the 

shell changes from being flattened distally to conical/convex at apex; in some flattened specimens the 

conical nature of the apex is poorly defined. Location of maximum width varies; measured widths 

range from 4-37 mm, measured lengths range from 3-42 mm. Length/width ration is highly variable. 

The apical region of the valves is commonly more heavily mineralised than the rest of the shell. 

Anterior margin strongly convex for both valves; commissure rectimarginate. Phosphatic components 

of the shell are not preserved for many of the specimens. Ornamentation in specimens typically 
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pustulose or porous, in well preserved non-exfoliated specimen pustules are preserved; exfoliated 

shells ornamented by pores. Pustules observed in a couple specimens from the Campito Formation: 

one ventral specimen possesses undisputed pustules at the apex (1069-1), one small dorsal valve 

possesses it (1325-1) and one well preserved fragment possesses pustules in non-exfoliated areas 

(1437-10). The fragmented specimen possesses pustules that form concentric bands. Fine, well 

defined, continuous radial grooves or riblets and concentric bands are present in several specimens. 

One dorsal? specimen (1071-20) from the Campito Formation is characterised by such radial and 

concentric grooves and also hints at possible pustules near the apex, but the apical area is too poorly 

preserved for it to determine with certainty. The material from the Campito Formation commonly has 

more well defined radial ridges than the material from the Poleta Formation. Concentric, irregular 

growth halts are present on all valves.   

    Ventral apex located posterior to midvalve and anterior to posterior margin at variable location. 

When the ventral apex is preserved it has a conical lateral profile; the conical apex has steep slopes 

that are evenly inclined in all directions. Posterior and anterior margin variably convex in ventral 

valves. Growth pattern in ventral valves holoperipheral. Dorsal apex located in close proximity of 

posterior margin.  The dorsal apex is less convex in lateral profile than in ventral ones. In dorsal valves 

the posterior margin is divided by the apical area that is protruding from the surrounding margin. 

Growth pattern of dorsal valves seemingly hemiperipheral. 

    One well preserved specimen from the Poleta Formation (1735-1) shows some interesting feature 

regarding the composition and growth of the shell. The phosphatic shell is almost completely retained 

and covers the central part of the adult shell (although the apex area is missing). At the more distal 

parts of the shell the phosphate is only present in thin, concentric bands causing the underlying shell to 

form concentric ridges. The phosphatic part of the shell is underlain by a silica sheet which is only 

preserved at some parts of the posterior half of the shell but it appears to have covered the entire shell, 

including distal parts that lacked phosphate. Silica is not thought to be the original composition of the 

layer. The phosphatic cones penetrate the silica sheet forming porous ornamentation on it. At the left, 

distal posterior part of the silica sheet there are a few short, posteriorly pointing setae canals 

penetrating the silica layer (see Fig. 8.6, 8.7). The well preserved fragment (1437-10) from the 

Campito Formation also possesses setae canals penetrating the shell at a low angle. 

    Discussion: The rarity of dorsal specimens is also seen in other Mickwitzia occidens material from 

Indian Springs, Nevada (see Butler et al. 2015), where complete dorsal valves are reported as rare. 

Dorsal valves of mickwitziids are described as being more flat and having a posterior margin lacking 

longitudinal inset, the dorsal valve for M. occidens is also characterised by possessing a relatively 

strongly mineralized apex and having the apex located at, or very near, to the posterior margin (Butler 

et al. 2015). Those dorsal features, typical for Mickwitizia occidens, can be seen in dorsal material 

herein. A questionable dorsal specimen from the Campito Formation (1071-20) shares those dorsal 

characters but due to the lack of typical Mickwitzia ornamentation (see Popov & Holmer 2007) that 
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material is tentatively placed with the rest of the Mickwitzia specimens. One of the other complete 

Mickwitzia specimens from the Campito Formation (1069-1) only exhibits pustules in the apical 

region and since that part is poorly preserved in 1071-20 this could explain the lack of pustulose 

ornamentation for the questionable dorsal specimen.  

    The Mickwitzia occidens material from the Campito Formation is represented by two dorsal valves 

(1071-1, 1325-1), two valve fragments of uncertain ventral/dorsal origin (1213-34a/b, 1427-10) and 

one complete ventral valve (1069-1). The bigger, fragmented specimen (1213-34a/b) is represented by 

an imprint of shell fragment and a retained shell outline. The materials below the bigger shell fragment 

and within the shell outline contains phosphatic material but the shell itself lacks this. The shell 

imprint does not show any preserved pustulose ornamentation and is less flat than other Mickwitzia 

specimens which puts doubt on its affinity to it, but the preservation of the fragment as well as the 

outline and size of the shell is so similar to specimens of M. occidens from the Poleta Formation (e.g. 

1296-37). The smaller fragment is very well preserved and retains radial and concentric ornamentation 

as well as pustules and canals of mantle setae. The radial and concentric ornamentation is seen in all 

Campito material except for 1213-34a/b. The Mickwitzia material from the “Fallotaspis” biozone of 

the Campito Formation represents the oldest known Mickwitzia specimens from the Esmeralda Basin 

(compare Rowell 1977; Butler et al. 2015).  

    This material is assigned to M. occidens based on the features documented by Butler et al. (2015), 

including the rarity of dorsal material, the shape and location of the apex, preserved setae and the 

orientation of the setae, the width: length ration and the size of the shell. The specimens viewed herein 

differ from Mickwitzia muralensis Walcott, 1913 by having a less centrioid ventral apex, more rare 

dorsal material, different size range (see Balthasar 2004) and a higher width-length ratio (see Butler et 

al. 2015). Most of this material also originates from the same area (Indian Springs) as the Butler et al. 

(2015) specimens, which supports that it represents the same species. 
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Figure 8. (Previous page). Light photographs of Mickwitzia occidens. Scale bar equals 1 mm for (1, 2, 3, 6, 7, 8, 

9, 10) and 5 mm for (4, 5, 11). (1) Semi-circular exfoliated dorsal valve (specimen 1071-20). (2) Small, juvenile 

or broken, dorsal valve (specimen 1325-1). (3) Exfoliated ventral valve possessing wrinkles similar to material 

from locality 1213 (specimen 1069-1). (4) External mould of fragment possible belonging to Mickwitzia 

(specimen 1213-34b). (5) External mould of big ventral valve somewhat similar to (4) (specimen 1296-35). (6) 

Ventral valve with two shell layers preserved, one phosphatic and one siliceous; siliceous layer present until 

margins, phosphatic layer lacking closer to the margins except for in thin concentric bands (specimen 1735-1). 

(7) Left upper corner of (6) showing mantle seta canals (arrows). (8) Well preserved shell fragment showing 

mantle setae canals (arrows) and pustules localised in concentric bands (specimen 1437-10). (9) Exfoliated 

ventral valve (specimen 1295-1). (10) Exfoliated dorsal valve (specimen 1626-24). (11) Heavily exfoliated big 

ventral valve (specimen 1287-10). (1, 2, 3, 8) originate from the “Fallotaspis” biozone of the Montenegro 

Member, Campito Formation. (4) Originates from the “Nevadella” biozone of the Montenegro Member, 

Campito Formation. (5-7, 9-11) Originates from the “Nevadella” biozone of the Middle Member, Poleta 

Formation.  

 
Figure 9. for captions please see next page. 
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Figure 9. (Previous page). Stratigraphic distribution of lower Cambrian brachiopod genera from the Esmeralda 

Basin. Only genera described herein are plotted. Detailed stratigraphic levels are not given, only the stratigraphic 

unit and the biozone the genera occur in. The Campito Formation consists of the Andrews Mountain Member, 

the Gold Coin Member and the Montenegro Member. Ovals represent the distribution of genera observed herein; 

squares are additional occurrences described by Mount (1980) for Mickwitzia and by Rowell (1977) for 

remaining genera. Specimens not assigned to genera are not portrayed. Black symbols have a known systematic 

placement and stratigraphic range, grey ones have a somewhat tentative systematic placement and pink ones 

have an estimated stratigraphic position (see Rowell, 1977).  

 

6. Discussion 
 

The composition of the studied brachiopod fauna from Esmeralda County is similar to the fauna 

described in previous publications for this area (e.g. Walcott 1912a; Rowell 1977) with the noteworthy 

addition of the genera Agyrekia, Cymbricia, Eoobolus, Wimanella and confirmed Nisusia specimens. 

Nisusia has previously been described from the area by Rowell (1977), but his material was only 

tentatively assigned to Nisusia. It was even noted that it might not belong to the Nisusiidae at all. 

Some of the material described herein can now be placed with confidence within Nisusia. The fauna 

diversity of the area consists both of known genera and a lot of taxa under an open nomenclature, both 

of which together creates a high diversity for the fauna. A total of ten genera were described for the 

Campito formation, seven from the Begadean Series and eight from the Waucoban Series (some 

genera are found in both series). Ten genera is close to number of taxa per publication described by 

Rowell and Walcott from this area, but the total amount of genera described increases from eleven to 

fifteen, not including the taxa described under open nomenclature. If the taxa described under open 

nomenclature were also included, this publication would have a total of sixteen taxa and the overall 

number of taxa known from the area would increase to twenty two, almost the double value of the 

number of genera known previously from the Esmeralda Basin. It is clear from this that the diversity 

of brachiopods from the Esmeralda Basin is higher than previously thought. 

    When the age distribution of lower Cambrian brachiopods of Laurentia was evaluated, there was a 

distinct trend that favoured a wider geographic distribution towards younger biozones. The brachiopod 

assemblage from the Gold Coin Member was confirmed to consist of the only known brachiopods 

from the Begadean Series which would make them the oldest known brachiopods from Laurentia. It is 

possible that some of the brachiopod material from the Puerto Blanco Formation, Mexico (Cooper et 

al. 1952; McMenamin 1984; 1987), is of similar age. All we know about the Mexican brachiopod 

specimens is that they predate the “Nevadella” biozone, but whether they belong to the “Fallotaspis” 

biozone, “Fritzaspis” biozone or none of those biozones is unknown. A “Fallotaspis” biozone age has 

been suggested previously (McMenamin 1984; 1987). Further studies regarding the trilobites and 

brachiopods of the Puerto Blanco Formation would be needed in order to determine the exact age of 

the Mexican specimens in order to compare their age with other Laurentian assemblages. The age 

distribution of the brachiopods taxa found in the Esmeralda Basin showed that all described genera 

herein exceeded the age of previous reports from the area by at least one biozone. A summary of the 
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stratigraphic position of the different genera from this study in combination with older studies can be 

seen in Fig. 9. The addition of new genera and their stratigraphic position and the additional 

stratigraphic knowledge from genera already described from the Esmeralda Basin increasing our 

knowledge of the different taxon biostratigraphic distribution in the area. 

    The brachiopods from the Gold Coin Member described herein, Laurentia’s oldest brachiopod 

fauna, have been distinguished into a total of seven taxa, most of which are described under open 

nomenclature. The specimens from the Gold Coin Member are often preserved in coarse siliciclastic 

rocks, unlike material from other members where specimens are more often preserved in shale. The 

incapability of the coarse grained matrix to preserve fine details of the shells is partly why this 

member has such a high number of uncertain taxa. It is also plausible that some of the material 

represents previously undescribed species of new or already established genera. 

    Overall, the fauna of the Campito Formation in Esmeralda County is dominated by 

rhynchonelliform brachiopods. In the youngest member linguliform brachiopods and stem-

brachiopods also occur. Among the rhynchonelliform brachiopods, kutorginids are the most common 

group, both in terms of number of specimens and number of taxa, closely followed by obolellids. 

Orthid brachiopods are also fairly common throughout the formation whilst possible naukatids are 

exceedingly rare. The linguliform specimens consist solely of lingulid brachiopods and the only stem-

brachiopod taxon present is a genus of mickwitziid brachiopods.  

    The fauna of Laurentia’s oldest brachiopods from the Gold Coin Member of the Campito Formation 

consist solely of rhynchonelliform brachiopods. The Gold Coin Member is dominated in number and 

diversity by kutorginids, even more so than the overall fauna of the formation. The number of 

specimens is fairly even when comparing obolellids, orthids and undeterminable rhynchonelliform 

brachiopods, although obolellids have a somewhat higher diversity. The Gold Coin Member is the 

only member where naukatids brachiopods occur but they are still rare compared to the other 

rhynchonelliform brachiopods.  

    The studied material of poorly known genera previously known from the Esmeralda Basin 

unfortunately did not yield much new information. In the case of Swantonia the known age range was 

slightly extended, now spanning from the Fritzaspis biozone of the Campito Formation to the 

“Nevadella” biozone of the Poleta Formation. The size, shape and overall ornamentation of the single 

Swantonia specimen described herein is typical for the genus but the two raised platforms at the 

posterior margin of the valve have not been observed before and could be the first documented cases 

of internal muscle scars or external pits for the genus. The general poor preservation of the Swantonia 

specimens from the Gold Coin Member puts some restriction on the interpretation of the features and 

it would be preferable if more material could be collected. In the case of Spinulothele, the new 

information gained was the extension of the stratigraphic distribution (now encompassing Gold Coin 

Member, Campito Formation to Middle Member, Poleta Formation) and the presence of minute pore 

ornamentation not previously described from the genus.  



45 
 

    This study has highlighted the interesting lower Cambrian brachiopod fauna from the Esmeralda 

Basin and resulted in an increased knowledge regarding the stratigraphic distribution of the 

brachiopods from this area. The data about the fauna’s diversity was extended and a more in-depth 

knowledge about the fauna of Laurentia’s oldest known brachiopods was gained, but further studies 

about the fauna are needed in order to gain more insight into the problematic taxa listed herein, i.e. 

Swantonia and Spinulothele as well as the various taxa described under open nomenclature to enable a 

more robust systematic placement. With more detailed knowledge about the composition of the 

brachiopod fauna more knowledge is also gained with respect to the area’s paleoecology as well as the 

temporal and spatial distribution of early brachiopod taxa, both regionally and locally. Further studies 

regarding the brachiopod and trilobite fauna are recommended to be performed for localities in 

Mexico where the Puerto Blanco Formation is present in order to establish the stratigraphic range of 

the oldest brachiopods found there as well as their systematic and stratigraphic placement in 

comparison to the Campito Formation in Nevada and California.  
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7. Conclusions 
 
A descriptive study of brachiopod samples mainly from the Campito Formation of Esmeralda County, 

Nevada was performed. The study was done in order to gain more knowledge about the diversity of 

the fauna and the stratigraphic distribution of the individual taxa. The main objectives were to assess 

the diversity off the area and the newly established Gold Coin Member of the Campito Formation, 

gain more insight into available characters for poorly understood brachiopod taxa previously reported 

from the area, such as Swantonia, and to determine if the brachiopods from the Fritzaspis biozone of 

the Gold Coin Member represent the oldest known brachiopods from Laurentia as trilobites from the 

same biozone are the oldest representatives of their group. The brachiopod fauna from the Esmeralda 

Basin is of importance due to its old age and due to the rarity of Laurentian localities containing 

brachiopod specimens from the older biozones of the area. The rarity of such old localities makes 

them even more important for studies in order to understand problems related to the origin of 

brachiopods in Laurentia, such as the diversity, composition and age range of early brachiopod 

assemblages and taxa. The study herein was performed by systematic description and illustrations of 

the sampled material and a literature review of the age and geographic distribution of Laurentia’s 

earliest brachiopods to test if any competed with the claim of the oldest brachiopods from Laurentia. 

    The main objective of this paper, the description and systematic placement of the specimens, 

resulted in the identification of brachiopod taxa new for the area, i.e. the genera Agyrekia, Cymbricia, 

Eoobolus, Wimanella and confirmed specimens of Nisusia as well as various forms described under 

open nomenclature. The brachiopod diversity for the area and studied stratigraphic interval 

dramatically increased if taxa described under open nomenclature are included. Little new information 

was gained regarding the characters for the poorly known genera Swantonia and Spinulothele, but 

some new characters not previously seen for either genus are reported and the age range of both 

genera was extended for the area. The literature review showed that the brachiopods found in the 

Fritzaspis biozone from the Campito Formation in the Esmeralda Basin are the oldest documented 

brachiopods found in Laurentia. The confirmation of the brachiopod material from the Gold Coin 

Member of the Campito Formation as the oldest one in Laurentia, establishes the importance of 

studying material from there. The description of the oldest brachiopods is important in order to create 

the opportunity to perform various studies and analyses on e.g. the fauna assemblages, ecology, 

diversity, and distribution of the earliest known brachiopods. Future work regarding the fauna found in 

the Esmeralda Basin is recommended in order to add more understanding about insufficiently 

understood taxa and add robustness to their systematic placement.  
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8. Appendix 

 
8.1 Appendix 1: Sample information 
 

Appendix 1. Information about studied areas and specimens cited are given. Locality numbers (specimen 

number consist of locality number plus unique specimen number; LOCALITY.NR/SAMPLE.NR-specimen.nr) 

are given together with their geographic position, section and their stratigraphic Member and/or biozone. The 

coordinates for the samples are given as 0m in their section or as exact coordinates for key position of the 

section. The original publication for the different sections can be found in Appendix 2. In section information, 

the length above or below the 0 value for the section is given if known. If the locality had to be estimated based 

on descriptions and given grid values for the Public Land Survey System (PLSS) the coordinates are given as 

circa values. The coordination values are  

given in latitude and longitude 

 

Locality

/sample  

Study areas 

 

Coordinates Section 

information 

Formation Member Biozone 

1061 Montezuma Range; 

west side 

37°44.03'N, 

117°21.46'W 

MW-2: 1.2-

1.4m 

Campito Gold Coin Fritzaspis 

zone 

1083 Clayton Ridge; 

north side 

37°45.01'N, 

117°25.46'W 

370-440m 

below Poleta 

Campito Gold Coin Fritzaspis 

zone 

1485 Montezuma Range; 

west side 

37°44.22'N, 

117°21.19'W 

MW-2: -8m Campito Gold Coin Fritzaspis 

zone 

1557 Montezuma Range; 

Montezuman ridge 

37°44.22'N, 

117°21.19'W 

MW-2: -44m Campito Gold Coin Fritzaspis 

zone 

1558 Montezuma Range; 

Montezuman ridge 

37°44.22'N, 

117°21.19'W 

MW-2: -41m Campito Gold Coin Fritzaspis 

zone 

1591 Slate Ridge; north 

flank side 

37°21.29'N, 

117°14.25'W 

GCM: 31m Campito Gold Coin Fritzaspis 

zone 

1747 Slate ridge 37°21.24'N, 

117°14.24'W 

GCM: 43-49m Campito Gold Coin Fritzaspis 

zone 

1769 Slate Ridge; north 

flank  

37°21.316'N, 

117°14.135'W 

GCM: 63m Campito Gold Coin Fritzaspis 

zone 

1819 Slate ridge 37°21.327'N, 

117°14.080'W 

GCM: 92m Campito Gold Coin Fritzaspis 

zone 

1820 Slate ridge  37°21.327'N, 

117°14.080'W 

GCM: 95m Campito Gold Coin Fritzaspis 

zone 

1821 Montezuma Range; 

west side 

37°43.761'N, 

117°22.017'W 

MW-4: 0m Campito Gold Coin Fritzaspis 

zone 

 

1865 Montezuma Range; 

west side 

37°44.133'N, 

117°22.030'W 

GCM: purple-

grey zone 

Campito Gold Coin Fritzaspis 

zone 

1868 Slate Ridge; north 

slope 

37°21.285'N, 

117°14.250'W 

GCM: 28m Campito Gold Coin Fritzaspis 

zone 

1869 Slate Ridge; north 

slope 

37°21.316'N, 

117°14.135'W 

GCM: 63m Campito Gold Coin Fritzaspis 

zone 

1872 Slate Ridge; north 

slope 

37°21.352'N, 

117°14.061'W 

GCM: 85-90m Campito Gold Coin Fritzaspis 

zone 

1875 Slate Ridge; north 

slope 

37°21.327'N, 

117°14.080'W 

GCM: 91m Campito Gold Coin Fritzaspis 

zone 

1887 Slate Ridge; north 

slope 

37°21.359'N, 

117°14.097'W 

GCM-N: 

125.5m 

Campito Gold Coin  Fritzaspis 

zone 

1904 Slate ridge 37°21.359'N, 

117°14.097'W 

GCM-N: 76m Campito Gold Coin Fritzaspis 

zone 
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Locality

/sample  

Study areas 

 

Coordinates Section 

information 

Formation Member Biozone 

1136 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.682'N, 

117° 21.083'W 

MN-f 153.3 Campito Montenegro  Fallotaspis 

zone 

1270 Slate ridge ca.  

37° 21.190'N, 

117° 15.471'W 

Float, as 

limestone 

block collected 

by Pete Palmer 

Campito Montenegro  Fallotaspis 

zone 

1325 Montezuma Range; 

north of 

Montezuman Peak 

37°44.050'N, 

117°21.767'W 

MW-1: 31m Campito Montenegro  Fallotaspis 

zone 

1341 Montezuma Range; 

north of 

Montezuman Peak 

37°44.050'N, 

117°21.767'W 

MW-1: 60.5m Campito Montenegro  Fallotaspis 

zone 

1343 Montezuma Range; 

north of 

Montezuman Peak 

37°44.050'N, 

117°21.767'W 

MW-1: 61.5m Campito Montenegro  Fallotaspis 

zone 

1383 Montezuma Range; 

north of 

Montezuman Peak 

ca. 

37° 43.961'N, 

117° 21.676'W 

45m above 

first quartzite 

ledge 

Campito Montenegro  Fallotaspis 

zone 

1385 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

about MS: 

155m 

Campito Montenegro  Fallotaspis 

zone 

1426 Montezuma Range; 

north of 

Montezuman Peak 

 37° 44.176'N, 

117° 21.716'W 

MW-3: 108m Campito Montenegro  Fallotaspis 

zone 

1433 Slate ridge 37°20.11'N, 

117°15.56'W 

SR: 203m Campito Montenegro  Fallotaspis 

zone 

1437 Slate ridge 37°20.11'N, 

117°15.57'W 

SRN: 87m Campito Montenegro  Fallotaspis 

zone 

1438 Slate ridge 37°20.11'N, 

117°15.57'W 

SRN: 87.5m Campito Montenegro  Fallotaspis 

zone 

1455 Montezuma Range; 

north of 

Montezuman Peak 

 37° 44.176'N, 

117° 21.716'W 

MW-3: 25.8m Campito Montenegro  Fallotaspis 

zone 

1462 Montezuma Range; 

west side of 

Montezuma Range 

ca. 

37° 43.961'N, 

117° 21.676'W 

9m below 

1381 

Campito Montenegro  Fallotaspis 

zone 

1524 Montezuma Range; 

north of 

Montezuman Peak 

 37° 44.176'N, 

117° 21.716'W 

MW-3: 25.71-

25.83m 

Campito Montenegro  Fallotaspis 

zone 

1539 Slate ridge 37°20.11'N, 

117°15.57'W 

SRN: 3.0m Campito Montenegro  Fallotaspis 

zone 

1566 Stewart´s Spring; 

north of 

37°26.02'N, 

117°29.62'W 

Float in talus 

slope 

Campito Montenegro  Fallotaspis 

zone 

1602 Slate Ridge; north 

flank 

37°21.12'N, 

117°14.15'W 

GCM: 275m Campito Montenegro  Fallotaspis 

zone 

1691 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

MS: 267m Campito Montenegro  ? 

1791 Montezuma Range; 

northern side 

37°44.056'N, 

117°21.779'W 

south of MW-

1: 69m 

Campito Montenegro  Fallotaspis 

zone 
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Locality

/sample  

Study areas 

 

Coordinates Section 

information 

Formation Member Biozone 

1073 Montezuma Range; 

north of 

Montezuman Peak 

 37° 43.682'N, 

117° 21.083'W 

MN-f 199m Campito Montenegro  ? 

1048 Silver Peak Range; 

west of mt. Borax 

ca. 

37° 52.075'N, 

117° 51.785'W 

above 

quartzite 

zone= 16 zone 

of Walcott 

Campito Montenegro  Nevadella 

zone 

1199 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

MS: 345m Campito Montenegro  Nevadella 

zone 

1213 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.682'N, 

117° 21.083'W 

MN-f: 194.5m Campito Montenegro  Nevadella 

zone 

1249 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

MS: 337.5m Campito Montenegro  Nevadella 

zone 

1388 Montezuma Range; 

north of 

Montezuman Peak 

ca.  

 37° 43.726'N, 

117° 21.446'W 

MU 16, 20m 

below 1073 

Campito Montenegro  Nevadella 

zone 

1580 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

MS: 326.5m Campito Montenegro  Nevadella 

zone 

1581 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.443'N, 

117° 21.214'W 

MS: 330.5m Campito Montenegro  Nevadella 

zone 

1585 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.736'N, 

117° 21.319'W 

MNh: 326m Campito Montenegro  Nevadella 

zone 

1586 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.718'N, 

117° 21.353'W 

MNh: 330-

331m 

Campito Montenegro  Nevadella 

zone 

1587 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.718'N, 

117° 21.353'W 

MNh: 337-

338m 

Campito Montenegro  Nevadella 

zone 

1588 Montezuma Range; 

NNE of 

Montezuman Peak 

 37° 43.718'N, 

117° 21.353'W 

MNh: 347.5m Campito Montenegro  Nevadella 

zone 

1589 Rowland´s Reef 

section 

 37° 25.715'N, 

117° 27.395'W 

RR section Campito Montenegro  Nevadella 

zone 

1625 Montezuma Range  37° 43.443'N, 

117° 21.214'W 

MS-S2: 183m Campito Montenegro  Nevadella 

zone 

1071 Montezuma Range; 

north of 

Montezuman Peak 

 37° 43.682'N, 

117° 21.083'W 

MN-f: 188m Campito Montenegro  Nevadella 

zone 

1069 Montezuma Range; 

Montezuman Ridge 

 37° 43.682'N, 

117° 21.083'W 

MN-f: 284-

294m 

Campito Montenegro  ? 

1135 Indian Springs 

Canyon 

 37° 43.393'N, 

117° 19.226'W 

IS-4: -14m, at 

pit dug by 

Norm Brown 

et al. 

Poleta Middle 

Member 

? 

1286 Indian Springs 

Canyon 

37° 43.295'N, 

117° 18.775'W 

IS-S: 4m Poleta Middle 

Member 

Nevadella 

zone 
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Locality

/sample  

Study areas 

 

Coordinates Section 

information 

Formation Member Biozone 

1287 

 

Indian Springs 

Canyon 

 37° 43.295'N, 

117° 18.775'W 

IS-S: 20-30m Poleta Middle 

Member 

Nevadella 

zone 

1295 Indian Springs 

Canyon 

 37° 43.397'N, 

117° 19.133'W 

IS-W: 103m Poleta Middle 

Member 

Nevadella 

zone 

1296 Indian Springs 

Canyon 

 37° 43.397'N, 

117° 19.133'W 

IS-W: 117?m Poleta Middle 

Member 

Nevadella 

zone 

1578 Indian Springs 

Canyon 

 37° 43.295'N, 

117° 18.775'W 

IS-S: 18m Poleta Middle 

Member 

Nevadella 

zone 

1579 Indian Springs 

Canyon 

 37° 43.295'N, 

117° 18.775'W 

IS-S: 27m Poleta Middle 

Member 

Nevadella 

zone 

1626 Indian Springs 

Canyon 

 37° 43.295'N, 

117° 18.775'W 

IS-S: 24-25m Poleta Middle 

Member 

Nevadella 

zone 

1629 Indian Springs 

Canyon 

 37° 43.295'N, 

117° 18.775'W 

IS-S: 89.25-

89.50m 

Poleta Middle 

Member 

Bonnia-

Olenellus zone 

1735 Indian Springs 

Canyon 

 37° 43.393'N, 

117° 19.226'W 

IS-4: -14m Poleta ? ? 

1762 Montezuma Range; 

Montezuman Ridge 

 37° 43.784'N, 

117° 20.726'W 

lower part of 

Middle Poleta 

shale 

Poleta Middle 

Member 

Nevadella 

zone 
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8.2 Appendix 2: Section information 
 

Appendix 2. Information about the sections. The original reference for sections and published figures are given. 

The coordinates in this appendix represents the base or the assumed base (in the case of MW-1) of the section. 

The Quadrangle used when using the PLSS is also given. 

 
Section Reference Full name Base of section Location Quadrangle 

GCM Hollingsworth, 2006 

Appendix, 2007 fig. 3B 

Gold Coin 

Mine 

37°21.29'N, 

117°14.25'W 

Slate Ridge Scottys 

Junction SW 

GCM-S Hollingsworth, 2007 fig. 3B Gold Coin 

Mine 

 37° 21.220'N, 

117° 14.191'W 

Slate Ridge Scottys 

Junction SW 

GCM-N Hollingsworth, 2007 fig. 3B Gold Coin 

Mine 

 37° 21.324'N, 

117° 14.069'W 

Slate Ridge Scottys 

Junction SW 

MS Hollingsworth, 1999, fig. 35, 

2006, fig. 3 

Montezuman 

South 

 37° 43.537'N, 

117° 21.146'W 

Montezuma 

Range 

Montezuman 

Peak 

MS-S Hollingsworth, 1999, fig. 35, 

2006, fig. 3 

Montezuman 

South 

 37° 43.443'N, 

117° 21.214'W 

Montezuma 

Range 

Montezuman 

Peak 

MW-1 Hollingsworth, 2005, 

unpublished material 

Montezuman 

West 

Ca. 37°44.050'N, 

117°21.767'W 

Montezuma 

Range 

Montezuman 

Peak 

MW-2 Hollingsworth, 2007, fig. 3A Montezuman 

West 

37°44.23'N, 

117°21.28'W 

Montezuma 

Range 

Montezuman 

Peak 

MW-3 Hollingsworth, 1999, fig. 30 Montezuman 

West 

 37° 44.176'N, 

117° 21.716'W 

Montezuma 

Range 

Montezuman 

Peak 

MW-4 Hollingsworth, unpublished 

material 

Montezuman 

West 

37°43.761N, 

117°22.017W 

Montezuma 

Range 

Montezuman 

Peak 

SR Hollingsworth, 2006, 

Appendix 

Slate Ridge 37°20.11'N, 

117°15.56'W 

Slate Ridge Gold Point 

SRN Hollingsworth, 2006, 

Appendix 

Slate Ridge 

North 

37°20.11'N, 

117°15.57'W 

Slate Ridge Gold Point 

MN-h Hollingsworth, 2006, fig. 3 Montezuman 

North 

 37° 43.736'N, 

117° 21.319'W 

Montezuma 

Range 

Montezuman 

Peak 

MN-f Hollingsworth, 2006, fig. 3 Montezuman 

North 

 37° 43.682'N, 

117° 21.083'W 

Montezuma 

Range 

Montezuman 

Peak 

RR Hollingsworth, 2006, 

Appendix 

Rowland's 

Reef 

 37° 25.715'N, 

117° 27.395'W 

Palmetto 

Mountains 

Lida 

IS-4 Hollingsworth, 1999, 2006 

fig. 3 

Indian 

Springs 4 

 37° 43.393'N, 

117° 19.226'W 

Montezuma 

Range 

Montezuman 

Peak 

IS-W Hollingsworth, 1999, 2006 

fig. 3 

Indian 

Springs 

West 

 37° 43.397'N, 

117° 19.133'W 

Montezuma 

Range 

Montezuman 

Peak 

IS-S Hollingsworh, unpublished Indian 

Springs 

South 

 37° 43.295'N, 

117° 18.775'W 

Montezuma 

Range 

Montezuman 

Peak 
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