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Sammanfattning 
 
Tiñuformationen i Oaxaca, Mexiko är den enda fossilförande enheten från undre paleozoikum 
mellan den Laurentiska plattformen i nordvästra Mexiko och de Gondwanska lagerföljderna i 
Sydamerika. Det har nyligen visats att Tiñusektionen är en koncentrerad passiv kantlagerföljd 
med Gondwanakaraktär. Formationen delas upp i två delar; Yudachica från översta 
kambrium, som vilar okonformt på mellanproterozoisk grund, och Río Salinas från undre 
ordovicium (tremadoc). Formationen har tidigare studerats med avseende på dess 
avsättningsmiljöer och det fossila innehållet av trilobiter och konodonter vilka båda ger 
utmärkt biostratigrafisk kontroll över formationen.  
Ungefär 1000 exemplar av Linguliforma brachiopoder från tolv kalkstenslager från 
Tiñuformationen har studerats. Detaljerade undersökningar om taxonomi och stratigrafisk 
distribution av taxa har utförts. Faunan omfattar nio acrotretida taxa och en ny siphonotretid 
art och ett fåtal lingulida fragment. De acrotretida och det siphonotretida taxa har beskrivits 
grundligt och klassificerats till släkte. 
 
Nyckelord: Linguliforma, Brachiopoder, Acrotretida, Siphonotretida, Tiñu formationen, 
Kambrium, Ordovicium 
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Linguliform Brachiopods from the terminal Cambrian to lower 
Ordovician Tiñu section, Mexico  
Barbro Bornsäter Mellbin 
 
Abstract 
The Tiñu Formation of Oaxaca State (Mexico) is the only fossiliferous lower Palaeozoic unit 
between the Laurentian platform in northwest Mexico and the Gondwanan successions in 
Andean South America. It has recently been shown that the Tiñu section is a condensed 
passive margin succession with Gondwanan character. The formation is divided into two 
members, namely, the uppermost Cambrian Yudachica Member, which rests nonconformably 
on a middle Proterozoic basement, and the Lower Ordovician (Tremadoc) Río Salinas 
Member. The formation has been studied with respect to its depositional environments and its 
fossil content of trilobites and conodonts, both providing excellent biostratigraphical control 
for the formation.  
About 1000 specimens of Linguliform brachiopods of twelve limestone horizons of the Tiñu 
Formation have been studied. Detailed investigations on taxonomy and stratigraphic 
distribution of the taxa have been made. The fauna comprises nine acrotretid taxa, a new 
siphonotretid species and a few linguloid fragments. The acrotretid and siphonotretid taxa 
have been thoroughly describes and classified to genus.  
 
Keywords: Linguliform, Brachiopods, Acrotretid, Siphonotretid, Tiñu Formation, Cambrian, 
Ordovician 
 
 
Introduction 
This study deals with the previously 
undescribed linguliform brachiopod fauna 
of the Tiñu Formation of Oaxaca State, 
Mexico. The Tiñu Formation is the only 
fossiliferous lower Palaeozoic unit 
between the Laurentian platform in 
northwest Mexico and the Gondwanan 
successions in Andean South America and 
is therefore of great interest, as it can 
provide information on the area’s historical 
geology. The brachiopod fauna has been 
described and classified, and an assessment 
of the changes in brachiopod associations 
across the Cambrian-Ordovician boundary 
has been made.  This study also presents an 
excellent basis for continued studies of this 
brachiopod fauna and its relation to the 
described environmental changes occurring 
throughout the formation. It will hopefully 
also be used for correlation with either 
Laurentian or west Gondwanan brachiopod 
faunas in future studies.  
 
 
 

Geological setting  
As recently as the mid-1960s the 
fossiliferous Palaeozoic sedimentary rocks 
were first discovered in Oaxaca State, 
Mexico by Jerjes Pantoja-Alor (Pantoja-
Alor 1965). Prior to this, the following 
stratigraphic succession had been generally 
accepted for the area: basal metamorphic 
rocks of Precambrian or possibly 
Palaeozoic age (Oaxacan complex), 
followed by sedimentary deposits of 
Mesozoic age which are in turn overlain by 
Cenozoic sedimentary and volcanic rocks 
(Landing et al. 2006).  Pantoja-Alor and 
Robison (1967) showed that the Palaeozoic 
sedimentary rocks discovered by Pantoja-
Alor (1965) occur as two outliers in the 
Nochixtlán region that unconformably 
overlies the Oaxacan complex. The 
Oaxacan complex was dated to 1 Ga before 
present by analyses of the pegmatite dikes 
and, therefore, Precambrian rather than 
Palaeozoic in age (Pantoja-Alor and 
Robison 1967). The two Palaeozoic 
outliers can be found in the Tiñu/Rio 
Salinas area and in the Barranco de 
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Santiago Ixtaltepec in central Oaxaca 
State. They consist of several units of 
different ages. In both of the outliers, 
sediments of the upper Cambrian-lowest 
Ordovician Tiñu Formation rest upon the 
Precambrian gneiss, which are in the Tiñu 
outlier directly overlain by Cretaceous 
limestones and Tertiary red beds (Centeno-
Garcia and Keppie 1999; Landing et al. 
2006; Pantoja-Alor and Robison 1967; 
Robison and Pantoja-Alor 1968). The 
Santiago Ixtaltepec outlier has a different 
stratigraphy. Here, the Tiñu Formation is 
overlain by the Early Carboniferous 
Santiago Formation, which consists of 
calcareous sandstones, conglomerates, 
marine limestones, calcareous siltstones 
and shales. On top of this rest shales, silt-, 
sand- and limestones of the Late 
Carboniferous Ixtaltepec Formation 
(Pantoja-Alor 1970 fide Centeno-Garcia 
and Keppie 1999 and Landing et al. 2007). 
The contacts between these formations 
(Tiñu, Santiago and Ixtaltepec) were re-
investigated by Centeno-Garcia and 
Keppie (1999), who showed that both 
contacts are tectonic rather than 
unconformities. Over the Ixtaltepec 
formation lies, unconformably, the 
Yododeñe Formation, made up of 
conglomerates, sandstones, siltstones and 
shales. This formation was interpreted by 
Pantoja-Alor (1993 fide Centeno-Garcia 
and Keppie 1999) as middle Carboniferous 
to middle Permian in age, but clasts of 
limestones in the formation turned out to 
be of lower Permian origin which suggest 
that the formation might be younger 
(Centeno-Garcia and Keppie 1999). On top 
of the outlier lie Cretaceous marine 
limestones and Tertiary red beds, which 
also are found at the Tiñu outlier (Centeno-
Garcia and Keppie 1999).   
 

 
Fig. 1 Generalized locality maps.  
(a) Upper Cambrian and lowest Ordovician 
outliers of the Tiñu Formation (the small 
black areas) at the Tiñu (Tu) and Barranco 
de Santiago Ixtaltepec (SIx) inliers on the 
Oaxaca Complex, Oaxaca State.  
(b) Main tectonic subdivisions of Mexico. 
 (Map from Landing et al. 2007). 
 
Tiñu Formation 
The Tiñu Formation in Oaxaca State 
provides the only record of fossiliferous 
lower Palaeozoic rocks south of the 
Laurentian successions in Texas and 
northern Mexico and north of the 
Gondwanan sequences in Andean 
Columbia. It nonconformably overlies the 
middle Proterozoic metamorphics and 
intrusives of the Oaxaca complex in two 
small outliers northwest of Oaxaca City 
(Landing et al. 2007). These can be seen in 
the map in fig. 1. 
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The Tiñu Formation consists of two 
members, the lower Yudachica member 
and the upper Río Salinas member. They 
are distinguishable due to the fact that the 
lower part of the Tiñu Formation is very 
limestone-rich whilst the upper part is 
dominated by sandstones and shales. The 
age of the Tiñu Formation has been 
debated and correlated with several 
different successions around the world but 
has recently been determined by Landing 
et al. (2007) through a restudy of the 
conodont biostratigraphy and lithofacies in 
the unit. This study dates the Yudachica 
member to the upper part of the upper 
Cambrian and the Río Salinas member to 
the Lower Ordovician (Tremadoc) 
(Landing et al. 2007).  
The source of the detritus in the Tiñu 
formation has been determined using 
geochemical and isotopic data and detrital 
age spectra. These methods together 
suggest that the underlying Oaxaca 
complex of 1 Ga is the source not only of 
the Tiñu Formation but very likely the 
source of the younger units as well (Gillis 
et al. 2005 and Murphy et al. 2005). See 
figs. 2 and 3 for sections and samples. 
 
Yudachica member 
The Yudachica member of the Tiñu 
Formation consists of interbedded medium 

grey limestones and light grey-brown, 
yellow-green weathering silt shales 
(Landing et al. 2007).  
 
Río Salinas member 
The lithologic contact between the 
Yudachica and the Río Salinas members in 
the Tiñu Formation is very sharp and 
marked by a limestone and silt-shale clast 
conglomerate. This conglomerate is thin 
and flat and is abruptly replaced upwards 
by organic-rich laminated shales with 
sideritic and pyrite nodules (Landing et al. 
2007).  
 
Description of the sampled localities 
Locality Tu- 
This locality is 59 km northwest of Oaxaca 
City, and is reached by exiting Federal 
Route MEX135 at Nochixtlán, driving 10 
km south on Route 190 and thereafter 
driving 2 km west on the dirt road to Río 
Salinas village. Here the Tiñu Formation 
occurs in a NNE-trending and plunging 
syncline which is overlain by either 
Tertiary red beds or Cretaceous 
limestone on its east flank.  The section is 
structurally simple, north dipping, 72 
meters thick and lies just east of the 
synclinal axis of the formations type 
locality (Landing et al. 2007).  



 4 

Fig. 2 Sections in the lower Tiñu Formation (Yudachica Member). Brachiopod samples SIx 
and Tu are indicated to the right of columns. The numbers after the locality abbreviation 
represent metres above the Oaxaca Complex. Figure shows proposed depositional sequences 
of Yudachica Member. (Fig. from Landing et al. 2007)
 
Locality Slx- 
This locality is found 66 km northwest of 
Oaxaca City by driving 15.5 km on a dirt 
road northeast of Nochixtlán village and 
then just past the hair-pin curve north of 
Santiago Ixtaltepec hamlet. A path leads 
down the steeply east-dipping slope over 
the Carboniferous Ixtaltepec and Santiago 
formations north of Santiago Ixtaltepec  

 
village. The lower parts of the formation at 
this locality are structurally a rather simple 
section, dipping west. Higher in the 
formation the shales and sheared fine-
grained sandstones have quartz vein 
intrusions, are faulted and folded and are, 
towards the contact with the Santiago 
formation, hydrothermally bleached 
(Landing et al. 2007). 
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Fig. 3 Sections in the upper Tiñu Formation (Río Salinas 
Member). Samples (SIx and Tu) indicated to right of columns. 
Lithologies as in Figure 2. (Fig. from Landing et al. 2007). 
 
Material and Methods 
The material presented in this study was 
collected in Oaxaca State in southern 
Mexico as part of a larger study including 
the biotas and sequence stratigraphy of the 
Tiñu Formation (Landing et al. 2007). The 
collected rock samples (se figs. 2 and 3 for 
samples) were dissolved in diluted formic 
acid and the obtained residue was screened   
 

 
for fossils at the New York State Museum. 
Brachiopods found were sent to the 
Palaeobiology programme at Uppsala 
University for further analysis.  
The specimens were examined under a 
stereomicroscope and representative 
specimens were coated with gold and 
thoroughly examined and photographed 
under a Scanning Electron Microscope 
(ZEISS Supra 35VP). The specimens were 
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then identified to genus level and 
described.  
 
Systematic palaeontology 
Measurements (in µm) on valves are 
presented in the respective tables. 
Abbreviations: H, L, W = Height, Length 
and Width of valve; Lmr = Length median 
ridge to pseudointerarea; Wp = Width 
pseudointerarea; P = Pit diameter. 
Additional abbreviations: N = Number of 
specimens; MIN = minimum value of 
respective measurement; MAX = 
maximum value of respective 
measurement.  
The species were called A-J during work 
and these letters have nothing to do with 
genus affinities.  
 
Acrotretid brachiopods 
The acrotretids found in the samples from 
the Tiñu Formation exhibit their very 
characteristic columnar shell structure 
(Holmer, 1989). They also display the 
cone-shaped ventral valves common 
among acrotretid brachiopods. Many 
acrotretids with cone-shaped ventral valves 
do have a high and branching median ridge 
on their dorsal valve, but this feature was 
only found in a few specimens in these 
samples.  
 
Phylum Brachiopda (Duméril 1806) 
Subphylum Linguliformea (Williams et 
al. 1996) 
Class Lingulata (Gorjansky and Popov 
1985) 
Order Acrotretida (Kunh 1949) 
Superfamily Acrotretoidea (Schuchert 
1893) 

 
Family Acrotretidae (Schuchert 1893) 
Genus Eurytreta (Rowell 1966) 
Species A:  
Plates 1 and 2 
Material studied: 10 ventral valves and 4 
dorsal valves from two samples from the 
Yudachica member of the Tiñu Formation; 
Six – 0.0 and Tu – 1.9. 
Applies to VV and DV: Shell 
ventribiconvex; the poorly preserved 
valves suggest a circular to transversely 
oval outline. The larval shell is ornamented 
with pits of usually uniform size and the 
transition from larval to post larval shell is 
gradual. Shell structure is columnar.  
VV: The ventral valve is conical and the 
ventral pseudointerarea apsacline to 
catacline. An area with deviant structure is 
visible in the pseudointerarea. Foramen is 
enclosed in larval shell. Apical process is 
eroded but clearly visible and appear to be 
subtriangular. 
DV: The studied dorsal valves are poorly 
preserved and incomplete. The dorsal 
pseudointerarea is characterized by a broad 
median groove bordered by laterally 
narrowing propareas. The median buttress 
is broad and connected to the low and 
slightly triangular median septum. The 
cardinal muscle scars are much eroded in 
all specimens but appear to be medium-
sized, short, round to oval and relatively 
widely separated. 
 
We had no complete specimens from 
which measurements could be obtained.  
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Plate 1. Species A. Ventral valves. Scale bar 300 µm for all pictures except 10 and 11.  
1) BM1118b; Internal view. 
2) BM1118e; External posterior view of pseudointerarea. 
3) BM1118c; Lateral view. 
4) BM1112a; Internal view. 
5) BM1206d; Internal view. 
6) BM1115a; External view of pseudointerarea.  
7) BM1206a; Internal-external view.  
8) BM1210; Internal-external view. 
9) BM1115c; Internal view. 
10) BM1112b; Close-up of pseudointerarea, larval shell and pedicle opening. Scale bar = 100 
µm 
11) BM1203d; Close-up of pitting on larval shell. Scale bar = 4 µm
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Plate 2. Species A. Dorsal valves. Scale bar 300 µm for all pictures except 7 and 8. 
1) BM1207; interior view showing partial pseudointerarea and eroded cardinal muscle scars. 
2) BM1117; interior view showing pseudointerarea, median buttress, median groove and 
eroded cardinal muscle scars. 
3) BM1212; oblique view of interior showing median ridge. 
4) BM1212d; interior view showing partial pseudointerarea, eroded cardinal muscle scars and 
a partial median ridge. 
5) BM1207a; oblique view of interior. 
6) BM1117b; oblique view of interior. 
7) BM1212c; Close-up of pitting on larval shell. Scale bar = 3 µm 
8) BM1212b; Close-up of pseudointerarea and median groove. Scale bar = 100 µm 
 
Family Acrotretidae (Schuchert 1893) 
Genus Eurytreta (Rowell 1966) 
Species E 
Plates 3, 4 (figs. 2-4 and 6-15) and 5 
Material studied: 37 ventral valves and 9 
dorsal valves from four samples from the 
Yudachica member of the Tiñu Formation; 
TU – 13.0, TU – 14.3, TU – 9.8 and TU – 
8.5. 
Applies to VV and DV: Shell 
ventribiconvex, the outline of the valve is 
typically circular, although a little wider 
than it is long. The maximum width occurs 
slightly anterior to midlength. The larval 
shell is ornamented with pits of usually 
uniform size, but they may also be of two 
different sizes in the same specimen, and 
the transition from larval to post-larval 
shell is gradual. The post-larval shell is 
characterized by concentric filae and sets 
of drapes. Shell structure is columnar.  

 
VV: The ventral valve is subconical with 
an apsacline to catacline pseudointerarea. 
Intertrough is poorly defined. Pointy, 
almost tube shaped larval shell, foramen 
enclosed within larval shell. Larval shell 
ornamented with different-sized pits.  
DV: The dorsal valve outline is typically 
circular, although occasionally slightly 
wider than it is long. It is pointed at the 
larval shell and which protrudes outside 
the post-larval shell. The valve is convex 
in lateral profile with its maximum height 
occurring posterior to midlength. Sulcus is 
present. The dorsal pseudointerarea is 
characterized by a broad triangular median 
groove bordered by laterally narrowing 
propareas. The median buttress is quite 
narrow and connected to the high and slim 
median septum almost as long as the valve 
length. The cardinal muscle scars are much 
eroded in all specimens but appear to be 
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medium-sized, not relatively widely 
separated and located posterior to 

midlength, not extending laterally to the 
pseudointerarea.  

 
Table 1. Species E; measurements of ventral and dorsal valves. All measurements in �m. 
Ventral 
valve H L W Lmr Wp P 
N 0 0 0 0 0 2 
MIN           1,75 
MAX           2,22 
MEAN           1,985 
 
Dorsal 
valve H L W Lmr Wp P 
N 0 2 3 1   1 
MIN   1017 1106       
MAX   1338 1489       
MEAN   1177,5 1359,3 814   2,08 
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Plate 3. Species E. Ventral valves. Scale bar 500µm for all pictures except 11, 12 and 13. 
1) BM315; Ventral exterior view. 
2) BM720; Ventral oblique exterior view. 
3) BM720e; Posterior exterior view. 
4) BM709e; Posterior-lateral exterior view.  
5) BM315; Lateral exterior view. 
6) BM718f; Ventral interior view. 
7) BM716f; Posterior exterior view. 
8) BM708b; Ventral interior view. 
9) BM705e; Ventral interior view. 
10) BM720d; Lateral exterior view. 
11) BM701e; Close-up of larval shell. Scale bar = 100 µm 
12) BM708a; Close-up of columnar shell structure. Scale bar = 50 µm 
13) BM701b; Close up of pitting on larval shell. Scale bar = 20 µ 



 11 

 
Plate 4. Species C (no. 1 and 5) and E (no. 2-4 and 6-15). Dorsal valves. Scale bar 500µm for 
all pictures. 
1) BM1022 (species C); Dorsal interior view. 
2) BM303a; Dorsal interior view. 
3) BM1006; Dorsal interior view. 
4) BM1002; Dorsal interior view. 
5) BM1022b (species C); Oblique interior view. 
6) BM710; Dorsal interior view. 
7) BM1006b; Oblique interior view. 
8) BM1002b; Lateral interior view showing the median septum. 
9) BM1004f; Oblique exterior view. 
10) BM1004; Dorsal exterior view. 
11) BM303d; Lateral interior view showing the median septum. 
12) BM1003; Dorsal interior view. 
13) BM1003b; Oblique interior view. 
14) BM1010: Dorsal exterior view. 
15) BM1004e: Anterior exterior view. 
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Plate 5. Species E. Dorsal valves. Scale bars as shown on plate. 
1) BM303; Close-up showing median groove and median buttress. 
2) BM1002a; Close-up showing median groove and median buttress. 
3) BM1006a; Close-up showing median groove and median buttress. 
4) BM1003a; Close-up showing median groove and median buttress. 
5) BM303c; Close-up showing columnar shell structure. 
6) BM1010a; Close-up of larval shell. 
7) BM1004a: Close-up of larval shell. 
8) BM1004b; Close-up of pitting on larval shell. 
 
Family Acrotretidae (Schuchert 1893) 
Genus Eurytreta (Rowell 1966) 
Species C cf. species E: 
Plate 4, (fig. 1 and 5) 
Material studied: One dorsal valve from 
one sample from the Yudachica member of 
the Tiñu Formation; TU – 4.95 
DV: The dorsal valve is pointed at the 
larval shell which protrudes outside the 
post-larval shell. The pseudointerarea is 
characterized by a broad median groove 
bordered by laterally narrowing propareas. 
The median buttress is very similar to 
Species E, but is slightly narrower and 
lacks its triangular shape. It is and 
connected to the high and slim median 
septum.  
 

We had no complete specimens from 
which measurements could be obtained.  
 
Family Acrotretidae (Schuchert 1893) 
Genus Eurytreta (Rowell 1966) 
Species H 
Plates 6, 7 (fig. 2-14) and 8 
Material studied: 11 ventral valves and 21 
dorsal valves from one sample from the 
Río Salinas member of the Tiñu 
Formation; TU – 43.0.   
Applies to VV and DV: Shell 
ventribiconvex, the outline of the valve is 
typically circular, although slightly wider 
than it is long. The maximum width occurs 
typically slightly anterior to midlength. 
The larval shell is ornamented with pits of 
usually uniform size and the transition 



 13 

from larval to post larval shell is gradual. 
The post larval shell is characterized by 
concentric filae and sets of drapes. Shell 
structure is columnar.  
VV: The ventral valve is subconical with 
an apsacline preudointerarea. Intertrough is 
poorly defined. Pointy, almost tube shaped 
larval shell, foramen enclosed within larval 
shell. Larval shell ornamented with 
uniformly-sized pits. Valve very narrow at 
larval shell and widens strongly towards 
the commissure.  
DV: The dorsal valve outline is typically 
circular, although slightly wider than it is 

long and it has a rounded point at the larval 
shell which is protruding outside the post-
larval shell. The valve is weakly convex in 
lateral profile with its maximum height 
occurring anterior to midlength. The dorsal 
pseudointerarea is characterized by a broad 
triangular median groove bordered by 
laterally narrowing propareas. The median 
buttress is poorly defined and connected to 
the low median septum which reaches ½ to 
2/3 of the valve length. The cardinal 
muscle scars are very small and located 
close together.  

Table 2. Species H; measurements of ventral and dorsal valves. All measurements in �m. 
Ventral 
valve H L W Lmr Wp P 
N 1   1     3 
MIN           1,79 
MAX           2,59 
MEAN 835   1084     2,07 
 
 
Dorsal 
valve H L W Lmr Wp P 
N 0 11 12 2 4 5 
MIN   670 735 651 297 1,34 
MAX   1682 1788 1135 671 1,95 
MEAN   986,727 1110,42 893 449 1,59 
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Plate 6. Species H. Ventral valves. Scale bar 300 µm in all pictures.  
1) BM404g; Ventral oblique exterior view. 
2) BM405c; Posterior exterior view.  
3) BM406; Ventral exterior view. 
4) BM419d; Ventral interior view. 
5) BM404f; Lateral-posterior exterior view. 
6) BM405b; Lateral exterior view. 
7) BM420a; Lateral-posterior exterior view. 
8) BM404e; Ventral interior view. 
9) BM405; Ventral exterior view.  
10) BM409b; Lateral exterior view. 
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Plate 7. Species I (no. 1) and H (no. 2-14). Dorsal valves. Scale bar 500 µm for all pictures.  
1) BM903 (species I); Dorsal interior view. 
2) BM506; Dorsal interior view. 
3) BM502; Dorsal interior view. 
4) BM422; Dorsal interior view. 
5) BM407; Dorsal interior view. 
6) BM413; Dorsal interior view. 
7) BM408; Dorsal exterior view. 
8) BM421; Dorsal interior view. 
9) BM424; Dorsal exterior view. 
10) BM414; Dorsal exterior view. 
11) BM506e; Oblique interior view.  
12) BM502e; Oblique-anterior interior view. 
13) BM401e; Lateral-oblique exterior view.  
14) BM401; Dorsal exterior view. 
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Plate 8. Species H. Dorsal valves. Scale bars as shown on plate. 
1) BM502a; Close-up showing median groove and median buttress. 
2) BM421a; Close-up showing median groove and median buttress. 
3) BM422a; Close-up showing median groove and median buttress. 
4) BM401a; Close-up of larval shell. 
5) BM424a; Close-up of larval shell. 
6) BM507b; Close-up of pitting on larval shell.  
7) BM401d; Close-up of post-larval shell. 
8) BM503e; Close-up of post-larval shell showing sets of drapes. 
9) BM507c; Close-up of transition between post-larval and larval shell.  
 
Family Acrotretidae (Schuchert 1893) 
Genus Eurytreta (Rowell 1966) 
Species I: Acrotretids 
Plates 7 (fig. 1) and 9 
Material studied: One dorsal valve and 16 
ventral valves from two samples from the  
Río Salinas member of the Tiñu 
Formation; TU – 35.7 and 35.9.  
Applies to VV and DV: Shell 
ventribiconvex, the outline of the valves 
appear to be circular, but the specimens are 
poorly preserved which makes 
confirmation of this impossible. The larval 
shell is ornamented with pits of usually 
uniform size and the transition from larval 

to post larval shell is gradual. Shell 
structure is columnar.  
VV: The ventral valve is subconical with 
an apsacline pseudointerarea. The 
pseudointerarea is concave in lateral view 
and has a triangular area widening dorsally 
flanked by two depressions.  
Very tube shaped larval shell, foramen 
enclosed within larval shell. Larval shell 
ornamented with pits of uniform size. 
Valve very narrow at larval shell and 
widens strongly dorsally.  
DV: The dorsal valve outline is most likely 
circular. The dorsal pseudointerarea is 
characterized by a triangular median 
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groove bordered by laterally narrowing 
propareas. The median buttress is poorly 
defined and connected to the low and thin 

median septum. The cardinal muscle scars 
are very small and located close together.  

 

 
Plate 9. Species I. Ventral valves. Scale bar 300 µm in all pictures except 14 and 15.  
1) BM617a; Ventral exterior view.  
2) BM609; Ventral exterior view. 
3) BM604; Ventral exterior view. 
4) BM608a; Ventral exterior view. 
5) BM603; Oblique interior view. 
6) BM605c; Posterior exterior view.  
7) BM614a; Ventral exterior view. 
8) BM609c; Lateral exterior view. 
9) BM601c; Ventral interior view. 
10) BM601e; Ventral exterior view. 
11) BM602d; Lateral exterior view. 
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12) BM605b; Lateral exterior view. 
13) BM609b; Oblique exterior view. 
14) BM603c; Close-up of pitting on larval shell. Scale bar = 12 µm 
15) BM609a; Close-up of larval shell. Scale bar = 120 µm 
 
Family Acrotretidae (Schuchert 1893) 
Genus cf. Eurytreta (Rowell 1966) 
Species J: Acrotretids 
Plate 10 
Material studied: Six ventral valves from 
one sample from the Río Salinas member 
of the Tiñu Formation; TU – 43.0.   

VV: The ventral valve is very conical and 
narrow but appears to widen dorsally, but 
all specimens have been broken off so this 
is difficult to confirm. Intertrough is poorly 
defined. Larval shell ornamented with pits 
of different sizes.  

 We had no complete specimens from 
which measurements could be obtained.  

 

Plate 10. Species J. Ventral valves. Scale bar 300 µm in all pictures except 2.  
1) BM511a; Lateral exterior view.  
2) BM403b; Close-up of pitting on larval shell. Scale bar = 6 µm 
3) BM511g; Ventral interior view. 
4) BM403c; Lateral exterior view. 
5) BM520b; Lateral exterior view. 
6) BM509; Ventral exterior view.
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Family Acrotretidae (Schuchert 1893) 
Genus Neotreta (Sobolev 1976) 
Species B:  
Plate 11 
Material studied: One dorsal valve from 
one sample from the Yudachica member of 
the Tiñu Formation; TU – 2.05 

DV: Shell likely to be biconvex, 
transversely oval with wide, straight 
posterior margin. The larval shell is 
ornamented with pitting where the pits 
vary in size.  
 
We had no complete specimens from 
which measurements could be obtained.  

Plate 11. Species B. Dorsal valve. Scale bar 100 µm in picture 1 and 20µm in picture 2.  
1) BM1202; exterior view 
2) BM1202a; Close-up of larval shell with pitting.  
 
Family Acrotretidae (Schuchert 1893) 
Genus Treptotreta? (Henderson & 
MacKinnon 1981) 
Species G 
Plate 12 
Material studied: One ventral valve from 
one sample from the Yudachica member of 
the Tiñu Formation; TU – 5.7 
VV: Ventral valve conical. Very eroded 
interiorly, but the clearly visible cardinal 

muscle scars are small and placed widely 
apart. Apical process and vascula lateralia 
strongly defined. The apical process may 
widen posteriorly. The shell structure is 
columnar and the shell has been exfoliated, 
displaying other structures like septa. 
 
We had no complete specimens from 
which measurements could be obtained.  
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Plate 12. Species G. Scale bar 300 µm for all pictures except 4, 5 and 6.  
1) BM809L; Interior view. 
2) BM809O; Exterior view. 
3) BM809M; Interior view. 
4) BM809b; Close-up of columnar shell structure. Scale bar = 30 µm 
5) BM809h; Close-up of surface structure. Scale bar = 15 µm 
6) BM809i; Close-up of surface structure. Scale bar = 30 µm 
 
Family Ceratretidae (Rowell 1965) 
Genus Uncertain 
Species D:  
Plates 13, 14 and 15 
Material studied: Six ventral valves (VV) 
and 32 dorsal valves (DV) from one 
sample (Tu-5.7) from the Yudachica 
member of the Tiñu Formation.  
Applies to VV and DV: Shell 
ventribiconvex, outline nearly circular to 
slightly transversely oval, maximum width 
occurs at midlength. The larval shell is 
ornamented with circular pits of fairly 
equal size; the transition from larval shell 
to post-larval shell is gradual. Post larval 
shell is characterized by concentric filae 
and sets of drapes. The shell has a 
columnar structure.  

VV: The ventral valve outline is 
transversely oval and has a procline to 
catacline pseudointerarea. Poorly defined 
intertrough and propareas. Large circular 
foramen enclosed in the larval shell.  
DV: The dorsal valve is circular to 
transversely oval in outline and is convex 
in a lateral view, with its maximum height 
occurring at midlength. Interiorly the 
dorsal valve has a pseudointerarea with a 
fairly broad median groove, the median 
buttress is distinct and of a triangular shape 
and is connected to the medium-thick 
median septum, which stretches almost the 
full length of the valve and is bulbous at its 
highest point. The cardinal muscle scars 
are close together and anterolateral to the 
median groove. They are kidney shaped.
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Table 3. Species D; measurements of ventral and dorsal valves. All measurements in  
�m. 
Ventral 
valve H L W Lmr Wp P 
N 3 3 3     1 
MIN 338 437 579       
MAX 1155 950 1495       
MEAN 809 771,667 1154     1,86 
 
Dorsal 
valve H L W Lmr Wp P 
N 2 30 30 18 17 7 
MIN 389 553 704 397 292 1,17 
MAX 451 1395 1769 1142 1027 1,86 
MEAN 420 1074,17 1379,1 846,278 709,353 1,54714 
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Plate 13. Species D. Ventral valves. Scale bar 300 µm for all pictures except 11, 12, 13 and 
14. 
1) BM205c; External posterior view.  
2) BM205b; External lateral profile.  
3) BM0104N; External-internal lateral profile. 
4) BM205L; Internal view. 
5) BM 0103J; Oblique view of interior. 
6) BM210b; Ventral view. 
7) BM103c; External posterior view. 
8) BM0104; Internal view. 
9) BM0103H; Internal view. 
10) BM103d; Ventral view. 
11) BM205N; Close-up of larval shell. Scale bar = 100 µm 
12) BM205a; Close-up of set of drapes. Scale bar = 50 µm 
13) BM0103I; Close-up of epithelial imprints. Scale bar = 20 µm 
14) BM0104J; Close-up of pitting on larval shell. Scale bar = 5 µm 
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Plate 14. Species D. Dorsal valves. Scale bar 500 µm for all pictures. 
1) BM105b; Dorsal interior view.  
2) BM815; Dorsal interior view. 
3) BM820; Dorsal interior view. 
4) BM212b; Dorsal interior view. 
5) BM206; Dorsal interior view. 
6) BM812; Dorsal interior view. 
7) BM810; Dorsal interior view. 
8) BM 822; Dorsal interior view. 
9) BM209a; Dorsal interior view. 
10) BM816; Dorsal interior view. 
11) BM802c; Oblique interior view. 
12) BM811; Exterior view.  
13) BM102; Exterior view. 
14) BM206a; Oblique interior view. 
15) BM803d; Posterior interior view. 
16) BM102d; Oblique exterior view. 
17) BM204b; Oblique interior view. 
18) BM105; Oblique interior view. 
19) BM802b; Anterior interior view. 
20) BM805; Dorsal interior view. 
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Plate 15. Species D. Scale bars as shown in plate. 
1) BM820a; Close-up of pseudointerarea, median buttress and cardinal muscle scars. 
2) BM105e; Close-up of pseudointerarea, median buttress and cardinal muscle scars. 
3) BM802a; Close-up of pseudointerarea, median buttress and cardinal muscle scars. 
4) BM821a; Close-up of larval shell. 
5) BM811c; Close-up of transition between larval and post-larval shell. 
6) BM204a; Close-up of epithelial imprints. 
7) BM803f; Close-up of pitting on larval shell. 
8) BM821e; Close-up of sets of drapes on post-larval shell. 
9) BM08XXX; Close-up of columnar shell structure. 
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Siphonotretid brachiopods 
Siphonotretid brachiopods are a species-
poor group that is comparatively little 
known. They have a very characteristic 
pedicle foramen with a pedicle track area, 
which grows and changes shape through 
resorption during the lifetime of the 
brachiopod. The pedicle opening is usually 
shaped like a drop or an egg.  
 
Phylum Brachiopda (Duméril 1806) 
Subphylum Linguliformea (Williams et 
al. 1996) 
Class Lingulata (Gorjansky and Popov 
1985) 
Order Siphonotretida (Kuhn 1949) 
Superfamily Siphonotretoidea (Kutorga 
1848) 
Family Siphonotretidae (Kutorga 1848) 
Genus Schizambon (Walcott 1884)  
 
Species F 

Plates 16 and 17 
Material studied: 12 ventral valves and 2 
dorsal valves from four samples from the 
Yudachica and the Río Salinas members of 
the Tiñu Formation; TU – 5.7, TU – 8.5, 
TU - 13.0 and TU – 14.3 
Applies to VV and DV: Shell 
ventribiconvex, ornamented with rugellae 
and costellae. No spines visible. Visceral 
areas slightly thickened.  
VV: Ventral valve pseudointerarea is 
procline. The pedicle track is elongate to 
triangular. The foramen is surrounded by a 
pair of “lips” or “wings” protruding from 
the valve. These vary from being quite low 
and small to being high and wide. 
DV: Dorsal valve pseudointerarea low, 
with a poorly defined median groove. 
 
We had no complete specimens from 
which measurements could be obtained.  
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Plate 16. Species F. Scale bar 500 µm for all pictures. 
1) BM302; Ventral exterior view of ventral valve.  
2) BM203; Ventral exterior view of ventral valve. 
3) BM306; Ventral exterior view of ventral valve. 
4) BM306d; Oblique external view of ventral valve. 
5) BM309; Ventral exterior view of ventral valve. 
6) BM702; Ventral exterior view of ventral valve. 
7) BM1108c; Ventral exterior view of ventral valve. 
8) BM1108; Posterior external view of ventral valve. 
9) BM201; Ventral exterior view of ventral valve. 
10) BM307; Ventral internal view of ventral valve.  
11) BM301; Ventral internal view of ventral valve. 
12) BM0202N; Posterior external view of ventral valve. 
13) BM202b; Anterior exterior view of ventral valve. 
14) BM0202O; Lateral-posterior external view of ventral valve. 
15) BM312c; Lateral view of dorsal valve.  
16) BM312; Dorsal view of dorsal valve. 
17) BM312d; Anterior exterior view of dorsal valve.  
18) BM301a; Oblique internal view of ventral valve. 
19) BM305c; Lateral external view of dorsal valve. 
20) BM305; Dorsal external view of dorsal valve. 
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Plate 17. Species F. Scale bars as indicated in pictures. 
1) BM309c; Close-up of pedicle opening and pedicle track. 
2) BM308a; Close-up of larval shell, pedicle opening and pedicle track. 
3) BM0202K; Close-up of larval shell and pedicle track. 
4) BM312a; Close-up of larval shell. 
5) BM1108a; Close-up of pedicle opening. 
6) BM202c; Close-up of pedicle opening. 
7) BM309d; Anterior exterior view. 
8) BM202a; Close-up of shell ornamentation. 
 
Other fossils 
A few orthid brachiopods were found in 
the Tiñu Formation samples and all of the 
specimens are internal moulds. They all 
display a beautiful fish scale-like 
ornamentation over the entire surface of 
the mould but this is most likely not a 
primary structure, but has appeared due to 
re-mineralization. A small number of 
Lingulid brachiopods were also found. 
Given that my samples were previously 
screened at New York State Museum, they 
contained few fossils other than those 
mentioned above. The only non-
brachiopod fossils found were a few 
phospatocopines and a couple of trilobite 
fragments. 

 
Discussion 
The five species of Eurytretids that have 
been identified in this study are, at first 
glance, very similar. Various 
morphological features have been used to 
separate them. One of those features is the 
median septum on the dorsal valve. 
Species A has a very low and triangular 
median septum, which does not occur in 
any of the other eurytretids described. 
Species E and C are very similar but Sp. E 
has a very high and slender median septum 
whilst Sp. C’s septum can be described as 
slim and subtriangular. Species H has a 
septum which is so low that it is barely 
visible. This also applies to Sp. I. The size, 
shape and placement of the cardinal 



 28 

muscle scars on the dorsal valves have also 
been very useful for differentiating the 
species. In Species A, the muscle scars are 
medium-sized, round to oval and fairly 
widely separated. In Species H and I, they 
are very small and placed very closely 
together. Also the shape and placement of 
the larval shell has been used as a 
classification feature. In Sp. A, no part of 
the larval shell can be seen from an interior 
view but in Sp. C, E and H the larval shell 
protrudes like a tip over the median 
groove. Sp. E and H also display 
differently shaped larval shells: in E it is 
completely circular and looks like it has 
been placed on top of the post-larval shell, 
whilst in Sp. I it appears to be enclosed in 
the post-larval shell and is more circular-
to-oval. 
The ventral valves reveal further species-
typical differences. Sp. A has a rounded 
larval shell with a large circular pedicle 
opening. In Sp. E and H, the larval shell is 
much less rounded and appreciably more 
tubular. In Sp. I it definitely looks like a 
tube and is not rounded at a ll. The shape 
of the ventral valve itself also varies quite 
a lot, from the rather wide valves seen in 
Sp. H and I to the very pointy valves 
exhibited in Sp. J. 

The siphonotretid species, Schizambon sp. 
F possesses some features that differentiate 
it from other siphonotretids and 
particularly from the Schizambon already 
described. One of these features is its 
complete lack of spines, which is a 
otherwise common siphonotretid feature. 
The “lips” or “wings” surrounding the 
pedicle opening are not found in any other 
siphonotretid which quite clearly indicates 
that this is a new species.  
 
Conclusions  
In total, ten linguliform brachiopod species 
were found in the Tiñu Formation material. 
These were sorted into two orders, 
Acrotretida and Siphonotretida, and 
thereafter further assigned to families.  
Eight of the species belong in the family 
Acrotretidae, one in the family 
Ceratretidae and one in the family 
Siphonotretidae. The brachiopods studied 
were found in eleven samples from the 
Yudachica Member and the Río Salinas 
Member of the Tiñu Formation. The 
stratigraphic distribution of the 
brachiopods is shown in fig. 4 and 5.  
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Fig 4. Showing the stratigraphic distribution of Species A, B, C, D, E, F and G. 
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Fig 5. Showing the stratigraphic distribution of Species H, I and J.
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