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ABSTRACT 
In this paper six fossil forms of Chrysophycean stomatocysts are described. The material was collected from 
sedimentary pyrite embedded in well-laminated organic-rich limestone of the Upper Cretaceous Agua Nueva 
Formation at the locality of Xilitla, Central Mexico. The stomatocysts are represented by two spherical speci-
mens with smooth surfaces lacking of ornamentation, three ovoid forms with rugose textures, one of them ex-
posing presence of pore without collar, and one spherical specimen showing rugose texture and the presence of 
two short and rounded projections. The specimens here described showed affinity with some stomatocysts mor-
photypes described for brackish and fresh water, but not for known marine specimens. The presence of these 
microfossils in the Agua Nueva Formation represents the first formal description of fossil stomatocysts in Upper 
Cretaceous sedimentary pyrite in Mexico. The occurrence of both micro (planktonic foraminifera, calcispheres, 
radiolarians) and macrobiota (ammonites, inoceramid bivalves and fishes) and the presence of the specimens in 
sedimentary pyrite suggest that the stomatocysts were preserved under oxygen-deficiency conditions in a low 
energy environment. This event could have occurred in open marine waters in the Tampico-Misantla basin 
(Central Mexico) during the late Cenomanian throughout the early Turonian. 
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1. Introduction 
Fossil biomorphic microstructures in sedimentary pyrite 
have been reported by several authors since the early 
60’s [1-11]. Most of the findings of microorganisms in 
this mineral consist mainly of coccoid bacteria, although 
bacilli also have been reported. Another kind of struc-
tures like pollen [11] and diatoms [12] are less common, 
whereas reports of cysts [13] are very rare. 

Stomatocyst are structures representing a siliceous 
resting stage produced by Heterokontophyte algae of the 
classes Chrysophyceae (“golden brown algae”) and 
Synurophyceae [14] commonly referred as Chrysophy-

cean algae or simply “Chrysophytes” [15]. They expose a 
great variety of morphologies consisting of spherical, 
oval or even pyramidal forms with a single pore [15,16]. 
Globose forms expose a diameter, which ranges from 
approximately 2 - 4 µm to 30 µm [15,16]. Surface of 
stomatocysts also shows presence or absence of orna-
mentation, and when it is present, it has a wide variation 
of patterns and structures [17]. So far, more than 400 
different morphotypes have been described [14] from 
several localities in the world; however, in most speci-
mens an accurate taxonomical identification is still nec-
essary [15,16]. Commonly, the stomatocysts accumulate 
in lacustrine sediments [14,15,18], however some speci- 
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mens have been described in brackish waters from man-
grove habitats of the Caribbean Sea [19] and Central Po-
land [20]. Reports of stomatocysts in the marine realm 
are very rare; they are known from sediments of the Car-
ibbean Sea [21], the Southwest Pacific (late Cretaceous, 
late Eocene and Neogene) [22], the Weddel Sea, Antar- 
tica (early Cretaceous: Albian) [23], the Norwegian Sea 
(Eocene to Pliocene) [24] and the western south Atlantic 
(Tertiary) [19,20,25]. Some fossils stomatocysts have 
been reported as minor components in sediments of the 
Gulf of Mexico, however they were described as fresh- 
water elements [26].  

Concerning pyritized forms, a series of pyritized 
spheres identified as cysts of the genus Tasmanites, a 
Prasinophycean algae has been reported from the Upper 
Devonian Chatanooga Shale, at the states of Tennessee 
and Kentucky, and from other Devonian localities within 
the state of New York, Unites States of America [13]. 
This report could represent the only record of pyritized 
cysts in Devonian sediments in the world. In Mexico, 
stomatocysts are reported from lacustrine sediments [27] 
as well as in marine sediments from the Gulf of Mexico 
area [20]. And so far, no stomatocysts have been reported 
from sedimentary pyrite in neither lacustrine nor brackish 
deposits in Mexico; however, a preliminary work [28] 
reported an unidentified sphere, which is recognized as 
stomatocyst in this document. 

In this paper six biomorphic structures assigned as 
stomatocysts based on their morphology, size and pres-
ence or absence of ornamentation are described. The 
material here studied was collected from sedimentary 
pyrite hosted in Upper Cretaceous limestone of the Agua 
Nueva Formation at the locality of Xilitla, state of San 
Luis Potosí, Central Mexico (Figure 1). 
 

 
Figure 1. Localization map of Xilitla, state of San Luis Po-
tosí, Central Mexico. 

2. Geological Setting 
Stomatocysts described in this paper have been collected 
from sedimentary pyrite disposed as millimetric lamina 
and 2cm-thick lenses within well-laminated limestone of 
the Upper Cretaceous Agua Nueva Formation at Xilitla, 
San Luis Potosí, Mexico. At the study area, this 
lithostratigraphic unit consists of decimetric limestone 
alternating with occasional beds of brown shale and 
green bentonite [11,29-31] (Figure 2). At some levels, 
limestone exposes parallel lamination at millimetric scale, 
and bears centimetric layers of black chert as well as 
millimetric laminae and centimetric lenses of sedimen-
tary pyrite [10,30,32]. 

This unit is widely distributed in Mexico, and was de-
posited from the Burgos Basin in northeastern Mexico, 
through the Tampico-Misantla basin to southern Mexico- 
 

 
Figure 2. The Agua Nueva Formation at Xilitla, Central 
Mexico. (A) Outcrop, (B) Layer of sedimentary pyrite. 
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during the latest part of the Cenomanian throughout the 
Turonian [33] (Figure 3). At the locality of Xilitla and its 
vicinity, this unit has a thickness of approximately 100 m 
[34]. According to lithological evidences published by 

previous works [30,32,35], a deficient concentration of 
oxygen prevailed at the water sediment interface during 
the deposition of the laminated-pyrite-bearing limestone 
of the Agua Nueva Formation, under low energy condi-  

 

 
Figure 3. Paleogeographic map of the Late Cenomanian throughout the Turonian, modified from [33].  
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tions in the Tampico-Misantla Basin. 

3. Methods 
For observation of pyrite samples in this work, we fol-
lowed the method used by for previous reports of micro-
organisms in sedimentary pyrite from the Agua Nueva 
Formation [10,11]. Samples were fractured into frag-
ments of approximately 1 cc. Later, the innermost part of 
sample was taken in order to avoid any kind of contami-
nation. Samples were gold coated during three minutes. 
After coating, they were placed into the Scanning Elec-
tron Microscope (SEM-JEOL-JSM-6300, resolution of 
300,000×, 35 kV) for microscopic observation at the 
Centro de Investigaciones en Ciencias de la Tierra y Ma-
teriales, of the Universidad Autónoma del Estado de Hi-
dalgo. 

4. Description of the Stomatocysts from the 
Agua Nueva Formation 

A total of 6 forms of chrysophycean stomatocyst were 
described from the sedimentary pyrite embedded in the 
limestone of the Agua Nueva Formation cropping out in 
Xiltla, Central Mexico. They were described and com-
pared on the basis of their morphological characteristics 
following the criteria established by in the Atlas of 
Chysophycen Cysts [15], in marsh salt sediments [20] 
and in the website Stom@tocysts and Co 
(http://www.stomatocysts.unibe.ch/) [14]. 

4.1. Spherical Specimens with Smooth Surface 
Stomatocyst specimen I: (Figure 4(A)) 
Taxonomic position: Unknown  
SEM Description: The specimen 1 is a globose struc-

ture with a spherical morphology. It has a width of ap-
proximately 8.1 µm, which is equivalent to the equatorial 
length, and a total length of 8.3 µm. It exhibits a smooth 
surface lacking of any kind of ornamentation or rugose 
texture. The distal part of the anterior region of the 
specimen exhibits a pore, which is observed in lateral 
view and reaches 1.2 µm in length. No collar is present 
around the pore. No more details were observed in this 
specimen. 

Stomatocyst specimen II: (Figure 4(B)) 
Taxonomic position: Unknown  
SEM Description: The specimen 2 is a globose struc-

ture with a spherical morphology being slightly wider 
than longer. It has a length of approximately 7.5 µm, and 
a total length of approximately 7.0 µm, which is equiva-
lent to the equatorial length. The specimen exposes a 
smooth surface lacking of ornamentation or rugose texture. 
The distal part of the anterior region of the specimen ex-
hibits a pore, which is notorious only in lateral view. Its 
shape is not recognizable but in lateral view it has a length 

 
Figure 4. Fossil stomatocysts observed in the sedimentary 
pyrite from the Agua Nueva Formation at Xilitla, Central 
Mexico. (A) and (B) Spherical specimens showing smooth 
surface. (C) Spherical specimen with rugose surface show-
ing proyections; (D) Fragmented oval specimen with 
smooth surface; (E) and (F) Oval specimens exposing a 
rugose surface. 
 
of approximately 1.0 µm. No collar is present around the 
pore. No more details were observed in this specimen. 

4.2. Spherical Specimens with Rugose Surface 
Stomatocyst specimen III: (Figure 4(C)) 
Taxonomic position: Unknown 
SEM Description: The stomatocyst is quite spherical. 

It has a diameter varying from 6.4 µm in its equatorial 
portion and 6.8 µm in its antero-posterior length. Its sur-
face is not smooth and exhibits a rugose surface. Anteri-
orly, in lateral view, the specimen exposes a small pro-
jection that could represent a collar around the pore, but 
more details were not observed. In the anterior part of the 
cyst, at approximately 50˚ from the collar, the cyst from 
Xilitla exposes two protuberances, one of them broken 
and the other one showing a round distal part. The 
rounded projection has a length of 1.7 µm and a width of 
2.5 µm, whereas the broken structure has a length of 1.4 
µm and a width at the base of 1.7 µm. More details were 
not detected. 

4.3. Oval Specimens with Smooth Surface 
Stomatocyst specimen IV: (Figure 4(D)) 

http://www.stomatocysts.unibe.ch/
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Taxonomic position: Unknown 
SEM Description: The stomatocyst is oval in shape. Its 

width (equatorial length) reaches 6.3 µm whereas its total 
length is of 9.8 µm. Its visible surface is smooth lacking 
of ornamentation such as projecting structures. The pore 
is visible in lateral view. Because of the preservation 
state of the specimen, neither the size nor other morpho-
logical features of the pore were estimated. 

4.4. Oval Specimens with Rugose Surface 
Stomatocyst specimen V: (Figure 4(E)) 
Taxonomic position: Unknown 
SEM Description: The stomatocyst is about 1.63 times 

longer than wider showing an ovoidal morphology. Its 
width, which seems to be equivalent to the equatorial 
length, reaches 4.2 µm, whereas its length reaches 7.2 
µm. Its surface is not smooth because it exposes a kind of 
rugose texture along the visible portion of the body, 
which extends from the anterior to the posterior region. 
This texture is quite similar than the observed in the 
specimen III. The cyst lacks of any kind of known orna-
mentation or projecting structures. The origin of the 
rugose texture in the surface of the specimen remains 
unknown. This specimen exhibits a well-exposed circular 
pore. It is regular and has a diameter of 0.71 µm. It lacks 
of a collar, annulus and pseudoannulus. 

Stomatocyst specimen VI: (Figure 4(F)) 
Taxonomic position: Unknown 
SEM Description: The stomatocyst is oval in shape 

with a width (equatorial length) of 5.6 µm and an antero- 
posterior length of approximately 9 µm. It surface is not 
smooth, and exposes a kind of rugose aspect covering its 
whole surface, and lacks of any kind of ornamentation 
such as reticulum or projecting elements. The anterior 
pole of specimen bears a pore, which is appreciated in 
lateral view only. It exposes a length of 0.9 µm. More 
details were not observable. 

5. Discussion 
5.1. The Sedimentary Environment and the 

Morphological Affinity of the Stomatocysts 
from Xilitla 

Sedimentary pyrite is a mineral commonly formed under 
anoxic conditions in both continental and marine envi- 
ronments [36]. Furthermore, these conditions also pro- 
mote the establishment of well-laminated sediments with 
high content of organic matter. At the study area, the 
Agua Nueva Formation exposes such features typically 
assigned to environments with a deficient concentration 
of oxygen, such as the presence of well laminated dark 
micritic limestone, high content of organic matter an 
relatively well preserved fossil biota [30,31]. As addi- 
tional data, the fossil biota of the Agua Nueva Formation 

consists mainly in microfossils corresponding to several 
forms of planktonic organisms such as globotruncanid 
and heterohelicid foraminifera, as well as calcispheres 
and radiolarian mainly. On the other hand, the fossil 
macrobiota consists of several forms of ammonites, ino- 
ceramids as well as fishes that indicate that this lithologic 
unit was accumulated in open marine waters [29] within 
a paleogeographic late Cretaceous element known as 
Cuenca-Tampico-Misantla [33].  

Within the sedimentary pyrite embedded in the lime- 
stone of the Agua Nueva Formation, the stomatocysts 
here described were found. According to the morphology, 
size and presence or absence of ornamentation, the 
spherical and no ornamented specimens showed some 
possible affinity with the morphotype 189. The oval and 
rugose specimens also have some affinity according to 
their morphology to morphotypes 118 and/or 121; where- 
as the spherical and rugose specimen with anterior pro- 
jections remains unidentified. The stomatocysts are com- 
mon found in lakes [20], streams [37] and brackish [20] 
sediments and they are not common in the open marine 
realm [19]. Spherical and smooth morphologies corre- 
sponding to morphotype 189 above enlisted have been 
largely reported as components of sediments in marsh 
(brackish) [20] and fresh-water [15] environments. Simi-
lar situation has been assigned to the oval morphotypes 
118 or 121 that correspond to fresh-water specimens. Re- 
ports of stomatocysts in the marine realm consist mainly 
of Archaeomonads cysts, which have been reported for 
the Caribbean [21], for the subantarctic Southwest Pa- 
cific; Norwegian Sea, and the Atlantic realm [22,24,25]. 
This group corresponds to planktonic oceanic forms that 
live in the photic zone and produces well-ornamented 
cysts, or smooth and spherical forms (e.g. Archaeomonas 
spherica) with a diameter longer than the 11 µm, which 
does not match with any specimens described for the 
sedimentary pyrite of Xilitla. On the other hand, studies 
on the distribution of siliceous microfossils in superficial 
bottom sediments of the Gulf of Mexico [26] also re- 
ported the presence of stomatocyst in sediments from the 
Gulf of Mexico basin, however, they are rare in those 
deposits and it seem to have a fresh-water origin being 
transported from continental to marine realms throughout 
ancient rivers [26]. According to this data, the presence 
of stomatocyst in the basinal sedimentary pyrite of the 
Agua Nueva Formation is notable. The Agua Nueva 
Formation, as mentioned above, was deposited under 
open marine conditions within the Cuenca Tampico- 
Misantla basin during the late Cenomanian throughout 
early Turonian [33]. At that time, the input of terrigenous 
material into the outer shelf and adjacent basinal areas 
was supplied by deltaic systems established at approxi- 
mately 1000 km northward, at the Appalachian and 
Oachita trends (Figure 3) [33]. This paleogeographic 
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arrangement could explain the presence of non-marine 
stomatocyst in this lithologic unit. However more de- 
tailed studies are required to confirm this hypothesis.  

5.2. Pyrite Sedimentary and the Stomatocysts 
from Xilitla 

Sedimentary pyrite is a mineral, which fossilization po- 
tential is relative high and a great diversity of fossils, 
mainly macrofossils have been collected from sedimen- 
tary pyrite in several localities in the world, such as 
plants and fruits from the Eocene London Clay in Eng-
land [38] or different groups of metazoans (e.g. nauti-
loids, conodonts, bivalves and gastropods) from the Late 
Devonian of Poland [39] among many other famous lo-
calities. However, the presence of microscopic elements 
is less common or even rare. Most of them consist of 
different morphologies of bacterial remains such as coc-
coid [4,5,9,10,28], or bacilli [4], or even structures asso-
ciated to bacterial activity such as piritized discs from 
Black Meza, Arizona, United States of America [40]. 
Other kinds of microscopic biostructures are less com-
mon or rare, such as diatoms [12], pollen-like structures 
[11] and cysts [13]. A previous work [28] reported a 
round and globose unidentified structure from sedimen-
tary pyrite from the Agua Nueva Formation at Xilitla, 
Central Mexico. This report could represent the first 
known record of stomatocyst in late Cretaceous marine 
waters. 

6. Conclusion 
Six forms of stomatocysts were described from Upper 
Cretaceous sedimentary pyrite of the Agua Nueva For-
mation in Central Mexico, which were deposited under 
open marine conditions within the Tampico-Misantla 
basin (Central-Easthern Mexico) during the late Ceno-
manian throughout early Turonian. Comparison between 
the forms of Xilitla and other previously reported show 
that the Xilitla specimens show more affinities with 
brackish and fresh-water specimens than with marine 
species. It suggests that some ancient rivers could supply 
continental material with stomatocysts into the marine 
realm. This report could represent the first known record 
of stomatocyst in Late Cretaceous marine waters. 
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