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CRetACeOUS CORALS FROM tHe HUetAMO ReGION, MICHOACAN AND GUeRReRO StAteS 1

The Cretaceous corals (Anthozoa, Scleract�n�a) of the Huetamo reg�on of 
southwestern Mex�co, an area �n the tecton�cally problemat�c Guerrero terrane, are 
investigated for the first time.  this study provides a detailed, modern taxonomic 
foundat�on for future work on Mex�can Cretaceous corals.  Th�rty-n�ne spec�es 
are descr�bed and �llustrated: 20 from the lower Apt�an Cumbur�nd�o Format�on, 
one from lower Apt�an strata of the San Lucas Format�on, and 18 from the upper 
Alb�an-lower Cenoman�an upper member of the Mal Paso Format�on.  At the 
spec�es level, the coral faunas from these format�ons are ent�rely d�fferent from 
each other.  Of the 21 species from the lower Aptian, three are described as new: 
Saltocyathus cumburindioensis n. sp., Actinaraea michoacanensis n. sp, and 
Thamnarea hornosensis n. sp.  About 50 percent of the lower Apt�an coral spec�es 
have been reported prev�ously from pre-Alb�an strata �n the European reg�on.  Th�s 
faunal similarity is the strongest geographic affinity recognized in this study.  Of 
the 18 coral spec�es from the upper Alb�an-lower Cenoman�an, 11 are descr�bed 
as new, whereas another one of these spec�es recently has been descr�bed and 
des�gnated as the type spec�es of a newly recogn�zed dendrophyll��d genus, 
Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 2004.  The 11 coral 
spec�es from the upper Alb�an-lower Cenoman�an here�n descr�bed as new are: 
Actinastrea chumbitaroensis n. sp., Preverastraea coatlicuae n. sp., Preverastraea 
tocae n. sp., Latiphyllia mexicana n. sp., Thecosmilia guerreroensis n. sp., 
Mycetophyllopsis azteca n. sp., Orbignygyra? incognita n. sp., Thalamocaeniopsis 
mexicanensis n. sp., Thamnasteria tonantzinae n. sp., Paracycloseris effrenatus n. 
sp., and Ovalastrea malpaso n. sp.  Analog�es w�th extant corals �nd�cate that most 
of the coral spec�es from the Cretaceous format�ons of southwestern Mex�co were 
zooxanthellate, hermatyp�c, reef-bu�ld�ng spec�es.

Assoc�at�ons of scleract�n�an corals and rud�st b�valves were observed 
at three local�t�es, two �n the Cumbur�nd�o Format�on and one �n the Mal Paso 
Format�on.  The two occurrences �n the Cumbur�nd�o Format�on are: an assoc�at�on 
of a large spec�es of ramose, m�crosolen�d coral, Thamnarea hornosensis n. sp., 
preserved �n s�tu along w�th valves of the rud�sts Praecaprina and Caprina at the 
exposures �n the Arroyo Los Hornos, near Tur�tz�o; and a d�verse assemblage of 
reef corals that conformably overl�es a bed pr�mar�ly composed of valves of the 
rud�st Amphitriscoelus near the top of the strat�graph�c sect�on at the Loma de 
San Juan, Tur�tz�o, M�choacán.  The coral and rud�st assoc�at�on �n the Mal Paso 
Format�on �nvolves a d�verse assemblage of reef corals and the rud�sts Radiolites 
and Mexicaprina w�th�n an �nterval near the top of the strat�graph�c sect�on that �s 
exposed at a local�ty �n the state of Guerrero, just north of Chumbítaro, M�choacán.  
None of these specific kinds of coral and rudist associations has been recognized 
prev�ously at any other local�t�es.

Key words: Corals, Lower Cretaceous, southwestern Mex�co.
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INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr2

Se �nvest�ga por vez pr�mera los corales cretác�cos de la reg�ón de Huetamo en el 
sureste de Méx�co, proven�entes del terreno Guerrero, un área problemát�ca desde 
el punto de v�sta tectón�co.  Este estud�o aporta bases para futuras �nvest�gac�ones 
sobre corales cretác�cos de Méx�co.  Se descr�ben e �lustran 39 espec�es: 20 de 
ellas pertenecen a la Formac�ón Cumbur�nd�o del Apt�ano �nfer�or, una prov�ene 
de estratos del Apt�ano �nfer�or de la Formac�ón San Lucas y 18 son del Alb�ano 
super�or-Cenoman�ano �nfer�or del m�embro super�or de la Formac�ón Mal Paso.  
Al nivel específico, las faunas de corales de estas formaciones son completamente 
d�ferentes entre sí; de las 21 espec�es del Apt�ano �nfer�or, tres son descr�tas como 
nuevas: Saltocyathus cumburindioensis n. sp., Actinaraea michoacanensis n. 
sp y Thamnarea hornosensis n. sp.  Cerca del 50% de las espec�es de corales 
del Apt�ano �nfer�or han s�do reportadas de estratos pre-alb�anos en la reg�ón 
europea.  esta similitud faunística es la más fuerte afinidad geográfica reconocida 
en este estud�o.  De las 18 espec�es de corales del Alb�ano super�or-Cenoman�ano 
�nfer�or, 11 son descr�tas como nuevas, m�entras que otra de esas espec�es ha 
s�do rec�entemente descr�ta y des�gnada como la espec�e t�po de un nuevo 
género: Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 2004.  Las 
11 espec�es de corales del Alb�ano super�or-Cenoman�ano �nfer�or aquí descr�tas 
como nuevas son: Actinastrea chumbitaroensis n. sp., Preverastraea coatlicuae 
n. sp., Preverastraea tocae n. sp., Latiphyllia mexicana n. sp., Thecosmilia 
guerreroensis n. sp., Mycetophyllopsis azteca n. sp., Orbignygyra? incognita n. 
sp., Thalamocaeniopsis mexicanensis n. sp., Thamnasteria tonantzinae n. sp., 
Paracycloseris effrenatus n. sp. y Ovalastrea malpaso n. sp.  Las analogías con 
corales ex�stentes �nd�can que la mayoría de las espec�es de corales de formac�ones 
del Cretác�co del suroeste de Méx�co, eran espec�es hermatíp�cas, constructoras de 
arrec�fes y asoc�adas a zooxantelas.

Las asoc�ac�ones entre corales escleract�n�os y b�valvos rud�stas fuer-
on observadas en tres local�dades, dos en la Formac�ón Cumbur�nd�o y una en 
la Formac�ón Mal Paso. Las dos asoc�ac�ones en la Formac�ón Cumbur�nd�o son 
una espec�e grande del coral m�crosolér�do ramoso Thamnarea hornosensis n. sp., 
preservado �n s�tu junto con valvas de los rud�stas Praecaprina y Caprina, en aflo-
ram�entos del Arroyo Los Hornos, cerca de Tur�tz�o, y una d�versa compos�c�ón 
de corales arrec�fales que sobreyacen concordantemente a una capa compuesta 
pr�nc�palmente por valvas del rud�sta Amphitriscoelus, cerca de la c�ma de la sec-
ción estratigráfica de la Loma de San Juan, turitzio, Michoacán.  La asociación de 
corales y rud�stas en la Formac�ón Mal Paso �nvolucra una compos�c�ón d�versa de 
corales arrec�fales y los rud�stas Radiolites y Mexicaprina, dentro de un �ntervalo 
cerca de la cima de la sección estratigráfica expuesta en una localidad del estado 
de Guerrero, al norte de Chumbítaro, M�choacán.  N�nguna de estas asoc�ac�ones a 
nivel específico entre corales y rudistas ha sido reconocida previamente en alguna 
local�dad.

Palabras clave: Corales, Cretác�co Infer�or, Méx�co surocc�dental.

resumen
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Cretaceous corals were d�scovered �n southwestern Mex�co 
more than a century ago. However, the taxonomy and 
strat�graph�c d�str�but�on of the corals from th�s reg�on have 
never been stud�ed. Furthermore, desp�te the numerous 
stud�es of many other Cretaceous �nvertebrate groups from 
Mex�co over the past hundred years, the corals of the ent�re 
Mex�can Cretaceous System were rarely stud�ed and they 
rema�n largely unknown. Therefore, one of the ult�mate 
underly�ng purposes of th�s study �s to prov�de a deta�led 
taxonom�c base that w�ll serve as a modern foundat�on for 
future work on the Cretaceous corals of Mex�co.

The study area �s w�th�n the Huetamo reg�on and 
�s located �n a rugged and remote part of the states of 
M�choacán and Guerrero (F�gures 1, 2). It also l�es w�th�n the 
Guerrero terrane, a tecton�cally problemat�c reg�on that has 
been �nterpreted as an allochthonous terrane that �s thought 
to have accreted to the western marg�n of Mex�co somet�me 
dur�ng the Cretaceous or early Tert�ary (Campa and Coney, 
1983) (F�gure 3). The study area presently l�es between the 
Cretaceous Caribbean biogeographic province and the Pacific 
b�ogeograph�c prov�nce. Therefore, the determ�nat�on of the 
faunal affinities between the newly discovered coral faunas 
of the Huetamo reg�on and the coral faunas known from other 
parts of Mex�co, the Gulf Coast of Texas, the Car�bbean, and 
the Pacific eventually should help in refining interpretations 
of the paleogeograph�c pos�t�on of the Guerrero terrane 
dur�ng the Early Cretaceous.

this study is the first major investigation of the 
Cretaceous corals of the Huetamo reg�on of southwestern 
Mex�co. The corals descr�bed �n th�s study are from 
outcrops of the Cumbur�nd�o Format�on (lower Apt�an) 
south of Huetamo, near Tur�tz�o, M�choacán; from the San 
Lucas Format�on (lower Apt�an) at a h�ll about 8 km south-
southeast of Huetamo, M�choacán; and from the Mal Paso 
Format�on (upper Alb�an-lower Cenoman�an) northeast of 
C�udad Altam�rano and �n the state of Guerrero, just north of 
Chumbítaro, M�choacán. Corals are abundant and d�verse �n 
both the Cumbur�nd�o and Mal Paso format�ons and, although 
the corals frequently occur w�th other mar�ne �nvertebrates 
(b�valves, gastropods, ech�no�ds, and sponges), at some 
hor�zons they are by far the most abundant component of the 
fauna. Altogether, 39 d�fferent coral spec�es are recogn�zed: 

20 from the Cumbur�nd�o Format�on, one from the San Lucas 
Format�on, and 18 from the Mal Paso Format�on. Based on 
analog�es w�th extant coral spec�es, �t �s �nferred that the 
major�ty of these foss�l coral spec�es were zooxanthellate or 
hermatyp�c forms that were capable of contr�but�ng to the 
development of reefs.

A paleontolog�cal reconna�ssance of the Huetamo 
reg�on was made by the authors �n January 1994. At that t�me, 
numerous outcrops �n the area were v�s�ted and a few small 
collect�ons of corals were made. Geolog�c �nvest�gat�ons 
made dur�ng subsequent v�s�ts to the area �n January and 
November 1995, January to February 1996, and January 
to February 1997, concentrated on foss�l�ferous outcrops 
of the lower Apt�an Cumbur�nd�o Format�on near Tur�tz�o, 
M�choacán, and the upper Alb�an-lower Cenoman�an upper 
member of the Mal Paso Format�on �n the state of Guerrero, 
just north of Chumbítaro, M�choacán.

The d�verse Cretaceous coral faunas from the 
Huetamo reg�on have rema�ned mostly unknown unt�l the 
present study. The earl�est ment�on of Cretaceous corals �n 
M�choacán was from the western d�str�ct of Coalcomán, 
about 60 km west of the present study area, and two spe-
cies were identified, Trochoseris sinuosa Fromentel, 1857, 
and Thamnastraea pedunculata Fromentel, 1857 (Urqu�za, 
1883, p. 41-42, figs. 20-23). However, later comments indi-
cate that the identifications were likely incorrect (Heilprin, 
1891, p. 459-460) and the spec�es have not been reported 
aga�n from th�s area. In the adjacent state of Guerrero, the 
Morelos Format�on y�elded spec�mens that John Wells �den-
tified as Epistreptophyllum sp. cf. E. budaensis Wells (Fr�es, 
1960, p. 55), but ev�dently the spec�es was never descr�bed.  
Pr�or to the present �nvest�gat�on, only three spec�es of coral 
had been reported from the Mal Paso Format�on outcrops �n 
the study area: Actinastrea guadalupe [s�c], Pollyphilloceris 
[s�c] convexa and Thammnastheria [s�c] sp. (García Barrera, 
1993, p. 45). Subsequently, the major�ty of the publ�shed 
�nformat�on on the corals of the Huetamo reg�on has been 
der�ved from the recent �nvest�gat�ons by the present authors 
(F�lkorn and Pantoja-Alor, 1994, 1995a, 1995b; Pantoja-
Alor and F�lkorn, 1995; F�lkorn, 2002a, 2002b, 2002c), 
�nclud�ng descr�pt�on of a new genus and spec�es of coral 
from the Mal Paso Format�on, Blastozopsammia guerrero-

introduCtion
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terion F�lkorn and Pantoja-Alor, 2004. In add�t�on, l�terature 
searches for the present �nvest�gat�on have resulted �n the 
comp�lat�on of extens�ve, deta�led rev�ews of the publ�shed 
art�cles wh�ch perta�n to the occurrences and prev�ous work 
on Mex�can Cretaceous corals and th�s �nformat�on has been 
presented �n two earl�er publ�cat�ons (see F�lkorn, 2003, 
2006). Th�s analys�s of the l�terature has revealed that the 
prev�ous stud�es most relevant to the present �nvest�gat�on 
are those from other reg�ons of Mex�co, part�cularly the de-
ta�led stud�es of the Cretaceous coral faunas from: Tehuacán 
and v�c�n�ty, Puebla (Fel�x, 1891; Löser, 2006), about 350 
km east of the Huetamo reg�on; San Juan Raya and v�c�n�ty, 
Puebla (Reyeros-Navarro, 1963), and northwestern Oaxaca 
(Reyeros, 1983), about 300 km east of the Huetamo reg�on; 
the v�c�n�ty of Lampazos, Sonora (Scott and González León, 
1991; Baron Szabo and González León, 1999, 2003), about 
1,500 km northwest of the Huetamo reg�on; and Cerro de 
Cr�sto Rey, Ch�huahua and New Mex�co (Turnšek et al., 
2003), about 1,600 km north-northwest of the present study 
area. Refer to the publ�shed art�cles on the prev�ous stud�es of 
Mex�can Cretaceous corals (F�lkorn, 2003, 2006) for further 
d�scuss�on of the coral occurrences ment�oned above and a 
thorough rev�ew of other reported occurrences of Cretaceous 
corals �n Mex�co.

Th�s study contr�butes new taxonom�c �nformat�on and 
occurrence records for Early Cretaceous corals, data that are 
necessary for �nterpret�ng the paleob�ogeograph�c h�stor�es of 
the corals and the global d�str�but�on and evolut�on of coral 
reefs. Furthermore, th�s study eluc�dates the �nterpretat�ons 
of the Early Cretaceous paleogeography of southwestern 
Mex�co. The Cretaceous corals of southwestern Mex�co 
are �mportant w�th regard to global paleoceanograph�c 
and paleob�ogeograph�c �nterpretat�ons because southern 
cont�nental Mex�co was centrally pos�t�oned �n the path of 
western Tethyan surface currents through the trop�cs dur�ng 
the Early and m�ddle Cretaceous. Therefore, when ut�l�zed as 
a proxy for surface currents, the b�ogeograph�c d�str�but�ons of 
the Cretaceous coral spec�es from the Huetamo reg�on are key 
indicators of tethyan surface current flow patterns between the 
European eastern realm and the equator�al Car�bbean western 
realm dur�ng the Early and m�ddle Cretaceous. Reg�onal and 
global comparisons of the coral species identified from the 
Huetamo reg�on also help fac�l�tate reconstruct�ons of the�r 
paleob�ogeograph�c h�stor�es and evolut�on. These top�cs are 
d�scussed �n the sect�on on paleob�ogeography.

The object�ves of th�s �nvest�gat�on are to descr�be the 
Cretaceous coral spec�es of the Huetamo reg�on and thus es-
tabl�sh a modern taxonom�c base that w�ll serve as a founda-
t�on for future stud�es; to report the observed strat�graph�c 
d�str�but�ons of the coral spec�es w�th�n the study area; and to 
exam�ne the�r global paleob�ogeograph�c d�str�but�ons.

location

The study area �s located �n the Huetamo reg�on of 
southwestern Mex�co, about 200 km southwest of Mex�co 
C�ty and 140 km northeast of the c�ty of Z�huatanejo on the 
Pacific Coast (Figure 1). the study area encompasses part 
of the border between the states of M�choacán and Guerrero 
and �s both �nland and northeast of the western part of the 
S�erra Madre del Sur. The study area �s also w�th�n the part of 
Mex�co commonly known as T�erra Cal�ente and �t �s along 
the fringe of significant urban development in this part of 
Mex�co. Two of the largest c�t�es w�th�n the area are Huetamo 
and C�udad Altam�rano and the only major paved road �s 
Mex�can h�ghway 51 (F�gure 2). The geology of th�s reg�on 

F�gure 1.  The locat�on of the study area �n southwestern Mex�co �s �nd�cated 
by the rectangle w�th the arrow.  The boundar�es of the Guerrero terrane and 
�ts three subterranes �n southwestern Mex�co are outl�ned.  The Z�huatanejo 
subterrane, wh�ch �ncludes the town of the same name and Puerto Vallarta, 
l�es along the southwestern coast of Mex�co; the Huetamo subterrane �s the 
reg�on that �ncludes the study area; and the Teloloapan subterrane, the east-
ernmost of the three, �s the reg�on that �ncludes the town of the same name.  
Cenozo�c rocks, mostly volcan�cs, cover the area between the Z�huatanejo 
and Huetamo subterranes, as well as much of the southern half of the Guer-
rero Terrane �nland and north of the three subterranes.  The boundary of the 
Guerrero terrane �s from Freyd�er et al. (1997, p. 485) and the boundar�es of 
the subterranes are from Centeno-García (1994, p. 127).  An enlarged sketch 
map of the study area �s shown �n F�gure 2.
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and adjacent areas has been explored and d�scussed earl�er by 
several travelers and geolog�sts �nclud�ng J. Burkart (1832, 
1836), V�rlet d’Aoust (1866), M. Bárcena (1874, 1875, 1877, 
1885), M. Urqu�za (1883), J. G. Agu�lera (1897a, 1897b, 
1907), C. E. Hall (1903), T. Barrera and D. Segura (1927), 
M. Sant�llán (1929), C. Burckhardt (1930), Y. S. Bon�llas 
(1937), V. R. Garfias and t. C. Chapin (1949), and others, 
but deta�led geolog�c �nvest�gat�ons �n the Huetamo area d�d 
not commence unt�l the 1950s (de Cserna and Pantoja-Alor, 
1955; Pantoja-Alor, 1959).

The corals exam�ned �n th�s study were collected 
pr�mar�ly from two general areas that are about 25 km apart: 
one �n the western part of the study area �n the v�c�n�ty of the 
v�llage of Tur�tz�o and the other �n the eastern part of the study 
area �n the v�c�n�ty of the small rural v�llage of Chumbítaro 
(F�gure 2). The coral-bear�ng Cretaceous strata that crop out 
�n the western part of the Huetamo area near Tur�tz�o belong 
to the lower Apt�an Cumbur�nd�o Format�on and those 
that crop out �n the eastern part of the Huetamo area near 
Chumbítaro belong to the upper Alb�an-lower Cenoman�an 
upper member of the Mal Paso Format�on. Desp�te the 
relat�vely short map d�stance between these two areas, the 
Cretaceous strat�graph�c sequences and sed�mentary fac�es of 
each area are d�fferent, �n part due to d�fferences �n tecton�c 
sett�ng (see F�lkorn, 2002a), and thus each area has �ts own 
set of strat�graph�c term�nology. Furthermore, extens�ve 
sampl�ng of corals dur�ng th�s study revealed that the spec�es 
compos�t�on of the Cretaceous coral faunas from these two 
areas �s ent�rely d�fferent as well.

F�gure 2.  Sketch map of the study area, the Huetamo reg�on of the Huetamo 
subterrane, w�th pos�t�ons of the local�t�es where Cretaceous corals were 
collected.  Local�t�es 1-4 are �n the Cumbur�nd�o Format�on, lower Apt�an, 
at: 1, the western flank of Loma teremitio, latitude 18 degrees 32.39 min-
utes north, long�tude 100 degrees 57.13 m�nutes west; 2, the Arroyo Los 
Hornos and adjacent slopes to the south, lat�tude 18 degrees 32.10 m�nutes 
north, long�tude 100 degrees 56.74 m�nutes west; 3, the crest of Loma de 
San Juan, lat�tude 18 degrees 31.28 m�nutes north, long�tude 100 degrees 
56.65 m�nutes west; and 4, near the v�llage of Las Eras, southwest of Tu-
r�tz�o, lat�tude 18 degrees 30.60 m�nutes north, long�tude 100 degrees 59.0 
m�nutes west.  Local�ty 5, Upper part of the lower member of the San Lucas 
Formation, lower Aptian, at the eastern flank of Loma La Cuchilla, latitude 
18 degrees 33.81 m�nutes north, long�tude 100 degrees 52.04 m�nutes west.  
Local�ty 6, upper member of the Mal Paso Format�on, upper Alb�an-lower 
Cenoman�an, about 0.75 km north of the rural v�llage of Chumbítaro, State 
of M�choacán, lat�tude 18 degrees 29.3 m�nutes north, long�tude 100 degrees 
42.5 m�nutes west.  Map redrawn from Mex�can 1:50,000 scale topograph�c 
sheets Huetamo (E14A64) and Coyuca de Catalán (E14A74).

F�gure 3.  Early Apt�an plate reconstruct�on and paleocoastl�ne map.  The 
approx�mate pos�t�on of the study area �n the southern part of the Guerrero 
terrane �s �nd�cated by the square.  Apt�an (120 Ma) paleocoastl�ne base map 
modified from Smith et al. (1994, p. 40).
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introdUction

The Cretaceous strat�graphy of the Huetamo reg�on was or�g�-
nally descr�bed by Jerjes Pantoja-Alor �n 1959 and �t has been 
rev�ewed and d�scussed �n several later stud�es (de Cserna, 
1978; de Cserna et al., 1978a, 1978b; Pantoja-Alor, 1993a, 
1993b, 1993c; Pantoja-Alor et al., 1994).  The latest vers�on 
of the strat�graph�c term�nology �s ut�l�zed �n th�s study.  The 
Cretaceous strata of Huetamo reg�on are subd�v�ded �nto 
East and West areas based on d�fferences �n depos�t�onal se-
quences and therefore each of these two areas has �ts own 
set of strat�graph�c nomenclature.  The Cretaceous System of 
the West Huetamo area, �n order of depos�t�on, compr�ses the 
Cumbur�nd�o, Tur�tz�o, and Huetamo Format�ons (F�gure 4).  
The San Lucas, El Cajón, Mal Paso, and Cutzamala forma-
t�ons compose the correlat�ve Cretaceous strat�graph�c sec-
tion in the east Huetamo area (Figure 4).  Only two of these 
Cretaceous format�ons, the Cumbur�nd�o Format�on of the 
West Huetamo area and the Mal Paso Format�on of the East 
Huetamo area, have thus far y�elded abundant and d�verse 
coral faunas (F�lkorn and Pantoja-Alor, 1994, 1995a, 1995b; 
Pantoja-Alor and F�lkorn, 1995).  Although corals frequently 
occur w�th other macrofauna, �nclud�ng b�valves, gastropods, 
ech�no�ds, and sponges, at some hor�zons corals are by far the 
most abundant component of the fauna.  The geolog�c ages 
of the coral-bear�ng format�ons have been determ�ned by us-
�ng b�ostrat�graphy and the�r relat�ve strat�graph�c pos�t�ons 
w�th�n each of the�r respect�ve Cretaceous sequences.  The 
limestone terminology used in this study is from the classifi-
cat�ons of Dunham (1962) and Embry and Klovan (1971).

West HUetamo area

In the West Huetamo area, the lowermost Cretaceous stra-
ta are �nterbedded volcan�clast�cs and l�mestones of the 
Cumbur�nd�o Format�on.  The Apt�an age of the Cumbur�nd�o 
Format�on �s based on the occurrence of several d�fferent age-
d�agnost�c �nvertebrate taxa, �nclud�ng foram�n�fera, rud�st 
b�valves, and ammon�tes (Pantoja-Alor, 1998).  The orb�to-
l�n�d foram�n�feran Palorbitolina lenticularis (Blumenbach) 
from the Cumbur�nd�o Format�on at the Arroyo Los Hornos, 
just north of the v�llage of Tur�tz�o, M�choacán, �nd�cates an 
early Apt�an age for the un�t (Schroeder and Cherch�, 1993; 

Pantoja-Alor et al., 1994).  Th�s age determ�nat�on �s sup-
ported by the occurrence of another character�st�c Apt�an 
spec�es, the rud�st Amphitriscoelus waringi Harr�s and 
Hodson, 1922 (Alencáster and Pantoja-Alor, 1992, 1996a; 
Pantoja-Alor et al., 1994), and the occurrence of the am-
mon�te Pseudohaploceras liptoviense (Zeuschner), a spe-
c�es that ranges from Barrem�an to early Apt�an (González-
Arreola et al., 1996).  The rud�st fauna from the Cumbur�nd�o 
Format�on also �ncludes spec�es of Praecaprina, Caprina 
(Alencáster and Pantoja-Alor, 1993; Pantoja-Alor, 1993c, 
1996; Pantoja-Alor and Alencáster, 1994), Pantojaloria, 
Huetamia, and Douvillelia (Alencáster and Pantoja-Alor, 
1995, 1996b, 1998).

Foss�l corals have been collected from three local�t�es 
w�th exposed sect�ons of the Cumbur�nd�o Format�on �n 
the v�c�n�ty of Tur�tz�o, M�choacán (F�gure 2).  In add�t�on, 
one coral spec�men has been collected from the lower part 
of the Cumbur�nd�o Format�on �n the v�c�n�ty of the small 
rural v�llage of Las Eras, about 4.5 km southwest of Tur�tz�o.  
Of the other three localities near turitzio, only one coral 
species has been identified from the material collected at the 
northernmost local�ty s�tuated on the southwestern slope of 
the southern end of Loma Terem�t�o, an elongate h�ll about 
1.5 km north of Tur�tz�o.  The strata at Loma Terem�t�o are 
poorly exposed compared to the other sampled local�t�es.  
Corals are part�cularly abundant �n the other two of the three 
local�t�es, the Arroyo Los Hornos and adjacent slopes about 
1 km north of Tur�tz�o and a small h�ll at the southern edge 
of Tur�tz�o that �s locally known as Loma de San Juan.  The 
locat�ons of these three strat�graph�c sect�ons are roughly 
al�gned �n a north-south or�entat�on and spaced about 1 km 
apart.  The l�tholog�es and sequence of sed�mentary fac�es of 
each of the three sect�ons are d�fferent from one local�ty to 
the next, desp�te the relat�vely short map d�stances between 
them.  Lateral l�thofac�es relat�onsh�ps along th�s l�near 
belt of outcrops �nd�cate abrupt changes �n the depos�t�onal 
env�ronment over the same d�stance.  L�tholog�es range from 
pr�mar�ly b�ogen�c l�mestones �n the north at Loma Terem�t�o 
to mostly volcan�clast�cs �n the south at Loma de San Juan.  The 
sect�on at the Arroyo Los Hornos �s geograph�cally pos�t�oned 
between the two aforement�oned local�t�es and composed 
of both carbonate and volcan�clast�c strata.  Accord�ngly, 
depos�t�onal env�ronments range from shallow mar�ne to 

stratigraphy
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F�gure 4.  Strat�graph�c correlat�on chart of the Late Jurass�c and Cretaceous format�ons �n the Huetamo reg�on of southwestern Mex�co.  The foss�l corals 
descr�bed �n th�s study are from lower Apt�an strata of the Cumbur�nd�o Format�on �n the West Huetamo area and from lower Apt�an strata of the San Lucas 
Format�on and upper Alb�an-lower Cenoman�an strata of the Mal Paso Format�on �n the East Huetamo area.  The ages of the upper part of Z�rándaro Forma-
t�on and the lower part of the Cumbur�nd�o Format�on are approx�mate.  The boundary dates for the Early Cretaceous ages are from Gradste�n et al. (1995).  
Figure modified from Pantoja-Alor (1993c, p. 15).
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carbonate platform to deeper mar�ne, poss�bly restr�cted or 
lagoonal, and prox�mal to a source of volcan�clast�cs.  These 
same fac�es relat�onsh�ps �n vert�cal success�on are a record of 
the Early Cretaceous geograph�c evolut�on of that reg�on.

The Cumbur�nd�o Format�on strata on the southern 
s�de of the Arroyo Los Hornos, just below the northwest 
fence line of turitzio cemetery, are interbedded fine-grained 
volcan�clast�cs and calcareous mudstones that d�p toward 
the east.  Small mass�ve cer�o�d coralla and fa�rly large 
phacelo�d coralla occur �n l�v�ng pos�t�on at some hor�zons 
�n th�s sect�on.  The b�oclast�cs �n the l�mestone beds exposed 
w�th�n the Arroyo Los Hornos �tself are nearly exclus�vely 
composed of rud�st b�valves, mostly Praecaprina sp. and 
Caprina sp.  Only one coral species has been discovered 
�n the rud�st b�ostromes, the large, ramose m�crosolen�d 
Thamnarea hornosensis n. sp.  The occurrence of th�s spec�es 
�s d�scussed below �n the sect�ons on systemat�c paleontology 
and paleoecology.

The sect�on of the Cumbur�nd�o Format�on exposed 
at the western s�de of the Loma de San Juan, just south of 
Tur�tz�o, �s laterally equ�valent to the sect�on at Arroyo Los 
Hornos, but at Loma de San Juan there �s a greater th�ckness 
of volcan�clast�cs and much less l�mestone.  The strat�graph�c 
sect�on measured at th�s local�ty �s about 73 m th�ck (F�gure 
5).  The bedd�ng �n the sect�on �s parallel and d�ps about 18 
degrees east-northeast.  Coral colon�es were collected �n 
s�tu from two ma�n foss�l�ferous hor�zons, one �n the lower 
part of the sect�on at the base of the h�ll and the other �n the 
upper part of the sect�on at the top of the h�ll.  Most of the 
strata between these foss�l�ferous hor�zons are composed of 
gray, med�um-bedded, moderately well sorted, med�um- and 
coarse-gra�ned volcan�clast�cs.  However, numerous small (< 
20 cm d�ameter), �solated, mass�ve coralla were found loose 
on the slope of th�s �nterven�ng volcan�clast�c port�on of 
the strat�graph�c sect�on.  Based on external morpholog�cal 
s�m�lar�t�es, most of these coral spec�es appear to be the same 
as those that are present �n the strata adjacent to the Arroyo 
Los Hornos, but the major�ty of the spec�mens from the 
latter local�ty are very poorly preserved and taxonom�cally 
�ndeterm�nable.  Altogether, the beds at these two local�t�es 
have yielded several identified coral species, including the 
major�ty of the mass�ve cer�o�d, meandro�d, and thamnastero�d 
growth forms known from the Cumbur�nd�o Format�on.

In the upper part of the sect�on of the Cumbur�nd�o 
Format�on at the Loma de San Juan, a 0.8 m th�ck packstone-

rudstone bed of ner�ne�d gastropods and small colon�al corals 
�s overla�n by a 1.5 m th�ck rudstone bed pr�mar�ly composed 
of the rud�st Amphitriscoelus.  The Amphitriscoelus bed �s 
tabular and laterally cont�nuous and the upper surface lacks 
any apprec�able rel�ef.  Th�s Amphitriscoelus bed �s conform-
ably overla�n by an approx�mately 9 m th�ck boundstone bed 
composed of a taxonom�cally d�verse assemblage of colo-
n�al scleract�n�an corals.  The th�ckness of th�s coral reef bed 
�s a conservat�ve m�n�mum because the sect�on �s truncated 
w�th�n th�s hor�zon by the present surface of eros�on.  Thus, 
the ult�mate depos�t�onal fate of the coral reef �s unknown.  
However, strata at the base of the d�p slope on the eastern 
s�de of the same h�ll are composed of volcan�clast�cs that are 
l�tholog�cally s�m�lar to those lower �n the sect�on.  Therefore 
�t seems probable that reef growth was term�nated when the 
reef was buried by an influx of volcaniclastics.

F�gure 5.  Strat�graph�c sect�on of the Cumbur�nd�o Format�on, lower 
Apt�an, at a small h�ll locally known as Loma de San Juan, just south of 
Tur�tz�o, State of M�choacán.  Coord�nates for th�s local�ty are lat�tude 18 
degrees 31.28 m�nutes north, long�tude 100 degrees 56.65 m�nutes west.  
Labeled hor�zons �nclude the Amphitriscoelus rudstone bed w�th overly�ng 
coral reef hor�zon at the top of the sect�on and two other hor�zons where 
colon�al corals were found �n place, one �n the upper part of the sect�on and 
the other at the base of the sect�on.  The top of the sect�on �s truncated by the 
present surface of eros�on and the lower part of the format�on �s not exposed 
at th�s local�ty.  Refer to the text for further explanat�on of the sect�on.  Vert�-
cal scale bar = 10 m.
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The coral reef hor�zon exposed at the southern crest and 
upper d�p slope of the Loma de San Juan conta�ns the h�ghest 
spec�es d�vers�ty of corals known from the Cumbur�nd�o 
Format�on.  Furthermore, the major�ty of the coral spec�es 
known from the format�on are from th�s local�ty.  The coral 
fauna from th�s sect�on �s d�scussed �n more deta�l �n the 
paleoecology section of this study.  Overall, at the generic 
level, the coral fauna �s character�st�c of the coral faunas 
known from the Barrem�an and Apt�an, a t�me that �s typ�cally 
referred to as the Urgon�an �nterval of reef development.

east HUetamo area

The lowermost unequ�vocal Cretaceous strata �n the East 
Huetamo area are conglomerates, sandstones, and shales 
of the lower member of the San Lucas Format�on.  In a 
strat�graph�c sect�on at Las Paredes, about 6 km northwest 
of the town of San Lucas, ammon�tes from near the base 
of the San Lucas Format�on are late Valang�n�an �n age, 
whereas those strat�graph�cally h�gher �n the format�on are 
character�st�c of the Barrem�an (Gómez-Luna et al., 1993).  
Here, the San Lucas Format�on conformably(?) overl�es the 
Angao Format�on of purported pre-Valang�n�an and poss�bly 
Late Jurass�c (as old as K�mmer�dg�an) age.  However, 
l�tholog�c and sed�mentolog�c s�m�lar�t�es between these two 
format�ons suggest that they were depos�ted as turb�d�tes �n 
closely related sett�ngs, prox�mal �n the Angao Format�on 
and more d�stal �n the San Lucas Format�on (Gómez-Luna 
et al., 1993).  Barrem�an ammon�tes also have been collected 
from the same member of the San Lucas Format�on at another 
strat�graph�c sect�on, �n T�r�ngueo, about 6 km southeast of 
San Lucas (González-Arreola et al., 1996).  The gastropod 
spec�es from the San Lucas Format�on �nd�cate an Apt�an age 
(Bu�trón-Sánchez, 1993).

One coral species, Cladophyllia stewartae Wells, 
1944, has been collected from the lower Apt�an San Lucas 
Formation strata that crop out on the northeast flank of Loma 
La Cuch�lla, a h�ll just to the north of the v�llage of Los 
Cuachalalates, M�choacán, and about 8 km south-southeast 
of Huetamo (F�gure 2).  The name of the h�ll as �t appears on 
the Mex�can 1:50,000 scale Huetamo (E14A64) topograph�c 
map �s Loma La Cuch�lla, but �t �s locally known as Loma 
Cuachalalate (accord�ng to J. Pantoja-Alor) or S�err�ta del 
Cuachalalate (Pantoja-Alor, 1993b, 1993c).  The coral spec�es 
was found �n a block of dendro�d coral packstone collected 

from loose debris on the northeast flank of the hill.  Because 
of the early Apt�an age of the hor�zon, the spec�es �s descr�bed 
�n the same part of the sect�on on systemat�c paleontology as 
the spec�es from the lower Apt�an Cumbur�nd�o Format�on.

The second, younger coral fauna exam�ned �n th�s study 
was collected from an outcrop of the upper Alb�an-lower 
Cenoman�an upper member of the Mal Paso Format�on �n 
the state of Guerrero, about 0.75 km north of Chumbítaro, 
M�choacán (F�gure 2).  The exposed strat�graph�c sect�on 
�s about 200 m th�ck and mostly composed of l�mestone 
beds of lagoonal and reefal or�g�n, pr�mar�ly wackestone, 
but it also contains beds of packstone, floatstone, rudstone, 

F�gure 6.  Strat�graph�c sect�on of the upper member of the Mal Paso For-
mat�on, upper Alb�an-lower Cenoman�an, at the stud�ed outcrop �n the State 
of Guerrero, just north of the border w�th the adjacent State of M�choacán 
and about 0.75 km north of the rural v�llage of Chumbítaro, State of M�-
choacán.  Coord�nates of the local�ty are lat�tude 18 degrees 29.3 m�nutes 
north, long�tude 100 degrees 42.5 m�nutes west.  The strat�graph�c sect�on 
�s subd�v�ded �nto numbered l�tholog�c �ntervals for reference.  The coral 
reef hor�zon (MP13) and overly�ng bed of Mexicaprina (MP14) are labeled, 
as well as the hor�zon wh�ch y�elded M. cornuta (MP 1).  Calcareous sand-
stone at the base of the sect�on �s part of the lower member of the Mal Paso 
Format�on.  Refer to the text for further explanat�on of the sect�on.  Vert�cal 
scale bar = 10 m.
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and framestone (Figure 6).  Overall, the lithologic, 
sed�mentolog�c, and paleontolog�c ev�dence suggests that 
the upper member of the Mal Paso Format�on at th�s local�ty 
represents a transgress�ve mar�ne sequence.  The measured 
sect�on �s strat�graph�cally cont�nuous upward from the 
clast�c beds of the lower member of the Mal Paso Format�on 
and �t �s truncated at the top by the present surface of eros�on.  
The measured sect�on �s subd�v�ded �nto strat�graph�c zones 
based on l�tholog�c and paleontolog�c character�st�cs and 
these �nformal un�ts are numbered from the base upward, MP 
1 through MP18.  The use of these �nformal un�t numbers 
made �t poss�ble to refer to certa�n hor�zons and the�r relat�ve 
pos�t�ons w�th�n the strat�graph�c sect�on.  The upper part of 
th�s sect�on �s exposed subparallel to the bedd�ng planes and 
on a d�p-slope that here d�ps east-northeast 22-25 degrees 
toward the ax�s of the northward plung�ng Mal Paso syncl�ne.  
The underly�ng El Cajón Format�on �s exposed as a res�stant, 
h�gh r�dge to the east of th�s foss�l�ferous local�ty where �t 
defines the structurally equivalent eastern limb of the Mal 
Paso syncl�ne and western l�mb of the adjacent Characo 
ant�cl�ne.

The env�ronments of depos�t�on, analyses of the 
assoc�ated �nvertebrate fauna, and determ�nat�on of the 
geolog�c age of the upper member of the Mal Paso Format�on 
have been d�scussed �n deta�l �n two earl�er publ�cat�ons that 
are der�ved from the present study (F�lkorn, 2002a; F�lkorn 
and Pantoja-Alor, 2004), therefore only a synops�s �s g�ven 
here.  Add�t�onal comments on the strat�graph�c d�str�but�on 
of corals and other related �nvertebrate spec�es are presented 
�n the paleoecology sect�on of th�s study.  The strat�graphy of 
the sect�on �nd�cates a trans�t�on of depos�t�onal env�ronments 
from the base upward through lagoonal, back reef, coral 
reef, fore reef, and deeper mar�ne sett�ngs.  The beds have 
y�elded a d�verse �nvertebrate fauna composed of ech�no�ds, 
gastropods, sponges, rud�sts, and other b�valves, and many 
of these taxa have been used prev�ously by other authors to 
propose an Alb�an or late Alb�an age (refer to the d�scuss�on 
in Filkorn, 2002a).  the most significant age-diagnostic 
taxa from these strata are spec�es of the rud�st Mexicaprina, 
�nclud�ng M. cornuta Coogan, 1973, and M. alata F�lkorn, 
2002a, and the pect�n�d b�valve Pecten roemeri H�ll, 1889.  
Also notable �s the occurrence of the rud�st Radiolites 
cf. R. costata Scott, 1990, �n erect, suprastratal clusters 
strat�graph�cally below the coral reef hor�zon (MP 13) and 
as �solated spec�mens attached to corals w�th�n the coral 

reef.  The occurrence of these spec�es constra�ns the age of 
the coral-bear�ng beds of the upper member of the Mal Paso 
Format�on to the �nterval of late Alb�an-early Cenoman�an 
(see F�lkorn, 2002a). 

Although the major�ty of the coral d�vers�ty and 
spec�men abundance occurs �n the coral reef (MP 13), corals 
also were observed at several other hor�zons w�th�n the 
stud�ed strat�graph�c sect�on, part�cularly �n un�ts MP 5, MP 7, 
MP 9, MP10, MP17, and MP18.  An oyster-r�ch rudstone bed 
(MP 8) marks a trans�t�on �n the strat�graph�c th�cknesses of 
beds from th�n- and med�um-bedded l�mestones to med�um- 
and th�ck-bedded l�mestones.  Furthermore, the abundance 
and d�vers�ty of mollusks and corals �ncrease above th�s bed 
and the small sp�nes of ech�no�ds become one of the most 
prevalent features of the b�oclast�c mater�al �n the rock.  
Above the oyster-r�ch rudstone bed (MP 8), �n one of the 
th�cker beds �n the sect�on (MP 9), the rud�st Radiolites cf. R. 
costata Scott, 1990, occurs �n small, erect clusters along w�th 
the large pect�n�d b�valve Pecten roemeri H�ll, 1889, ner�ne�d 
gastropods, and �solated colon�es of mass�ve corals.  Farther 
up sect�on, scattered valves of Mexicaprina alata F�lkorn, 
2002a, and other mollusks occur at a hor�zon �n un�t MP12, 
about 10 m strat�graph�cally below the coral reef (MP 13), but 
th�s un�t d�d not y�eld any corals.  The base of the coral reef 
(MP 13) appears to have been formed through the success�ve 
colon�zat�ons of these underly�ng molluscan b�oclast�cs.

The coral reef (MP 13) �s about 19 m th�ck and 
pr�mar�ly composed of med�um- to large-s�zed mass�ve corals 
and sparsely d�str�buted, med�um- to large-s�zed phacelo�d 
and ramose corals.  Non-coral taxa found w�th�n th�s bed 
�nclude abundant Pecten roemeri H�ll, 1889, Radiolites cf. 
R. costata Scott, 1990, large ner�ne�ds, Mexicaprina alata 
F�lkorn, 2002a, and mass�ve colon�es of the stromatoporo�d 
Actinostromaria sp.  W�th the except�on of the small, sol�tary 
Epistreptophyllum sp., all of the coral spec�mens collected 
from the coral reef hor�zon are colon�al spec�es.  Furthermore, 
the vast major�ty of these coralla are preserved �n s�tu.  Many 
of the corals and stromatoporo�ds �n the coral reef have been 
bored by endol�th�c b�valves and much of the molluscan 
shell mater�al from th�s �nterval exh�b�ts ev�dence of bor�ng 
sponges.  Intra-reef rock matr�x between the larger foss�ls 
�n the coral reef �s mostly an ech�no�d sp�ne wackestone-
floatstone with occasional packstone.  the corals from this 
hor�zon are d�scussed further �n the paleoecology sect�on of 
th�s study.
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The coral reef �s overla�n by a 6.5 m th�ck Mexicaprina 
floatstone (MP14) which has not yielded any corals.  the top 
of th�s bed marks the last observed occurrence of Mexicaprina 
spec�es �n the measured sect�on.  The strat�graph�c th�ckness 
of the bedd�ng above the Mexicaprina floatstone bed becomes 
th�nner, from th�n- to med�um-bedded, wh�le the compos�-
t�onal proport�on and th�ckness of arg�llaceous mudstone or 
wackestone �ntercalated �n the sect�on �ncreases as the over-
all abundance of foss�ls decreases.  However, the b�oclast�cs 
that are present in this upper part of the section are fine- to 
very fine-grained and well-sorted, in contrast to those in the 
lower part of the sect�on.

A 1.2 m th�ck wackestone (MP17) �n the upper part 
of the measured sect�on y�elded relat�vely few spec�mens 
of six colonial coral species.  One of the species belongs 
to the genus Actinastrea, a genus that also �s represented 
�n the fauna of the ma�n coral reef (MP 13) and cons�dered 
as an �mportant p�oneer �n the colon�zat�on of substrates 
for reefs (Scott, 1981).  Although the coral fauna from 
un�t MP 17 �nd�cates �nc�p�ent reef development, a reef 
was not formed at th�s hor�zon.  Furthermore, these coral 
spec�mens represent the h�ghest strat�graph�c occurrence 
of reef corals �n the measured sect�on.  The corals from 
th�s hor�zon are d�scussed further �n the paleoecology 
section of this study.  One of the more argillaceous beds 
w�th�n th�s strat�graph�c �nterval conta�ns abundant whole 
tests of ech�no�ds.  Although the major�ty of the tests are 
preserved whole, the�r sp�nes are ne�ther attached nor are 

they common �n the surround�ng rock.  Th�s occurrence of 
only the ech�no�d tests �n the upper part of un�t MP 17 �s 
the converse of the type of ech�no�d preservat�on observed 
�n the �ntra-reef wackestone-packstone of the ma�n coral 
reef (MP 13) where sp�nes are ub�qu�tous, but the tests are 
not present.  Based on these two k�nds of compl�mentary 
styles of ech�no�d preservat�on w�th�n the same sect�on, �t 
seems l�kely that the sp�nes had been removed from the tests 
wh�le they were �n the shallower ecolog�c sett�ng and that 
weak currents subsequently transported the whole hollow 
tests into a deeper water depositional setting.  Only two 
spec�es of corals occurred strat�graph�cally above the zone 
of abundant echinoids.  One of these coral species, the 
colon�al dendrophyll��d Blastozopsammia guerreroterion 
F�lkorn and Pantoja-Alor, 2004, �s a th�n-branched, ramose 
coral that �s preserved �n the form of fragmented branches �n 
a coral packstone.  The major�ty of the extant dendrophyll��d 
spec�es are azooxanthellate and many l�ve �n deeper water 
mar�ne env�ronments that are atyp�cal of modern coral reef 
depos�t�onal sett�ngs (Wells, 1956; Ca�rns, 2001).  The other 
coral spec�es found above the zone of abundant ech�no�ds 
�s the sol�tary cunnol�t�d Paracycloseris effrenatus n. sp. 
wh�ch occurs �n abundance �n a 1 m th�ck bed (MP 18) of 
fine-grained wackestone.  the relatively small (about 20 
mm �n d�ameter), sol�tary, cupolate corallum of th�s spec�es 
�nd�cates that �t was not a reef-bu�ld�ng coral.  The measured 
strat�graph�c sect�on at th�s local�ty �s truncated w�th�n the 
MP 18 hor�zon by the present surface of eros�on.



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr12

The study area �n the Huetamo reg�on of southwestern Mex�co 
l�es w�th�n the Guerrero terrane, one of the largest tecton�c 
terranes of the cont�nental marg�n of western Mex�co (F�gure 
1).  The tecton�c sett�ng of the Huetamo reg�on has been 
d�scussed �n an earl�er report from th�s study (F�lkorn, 2002a), 
therefore only a summary �s g�ven here along w�th �nformat�on 
on the paleobiogeographic significance of the coral faunas 
from th�s reg�on.  The Guerrero terrane �s Late Jurass�c to 
Late Cretaceous �n age and mostly composed of rocks w�th 
a magmatic arc affinity (Centeno-García et al., 1993).  this 
terrane �s bel�eved to have become part of cont�nental North 
Amer�ca by the early Tert�ary (Campa and Coney, 1983), but 
the actual t�me of accret�on �s poorly constra�ned (Johnson et 
al., 1991, p. 122) �n part due to the lack of knowledge about 
�ts paleogeograph�c pos�t�on dur�ng the Early Cretaceous 
(Centeno-García, 1994, p. 190).  The part of the Guerrero 
terrane �n southwestern Mex�co �s composed of several 
smaller terranes �nclud�ng the Z�huatanejo, Huetamo, and 
Teloloapan subterranes (F�gure 1; Campa and Coney, 1983, 
p. 1046; Centeno-García et al., 1993).  Each of these three 
subterranes possesses a d�st�nct set of d�st�ngu�sh�ng features, 
�nclud�ng a d�fferent strat�graph�c sequence, metamorph�c 
grade, and type of structural deformat�on (Coney and Campa, 
1987).  The foss�l coral local�t�es exam�ned �n th�s study l�e 
w�th�n the Huetamo subterrane (F�gures 1, 2).

Of the 21 coral species from the lower Aptian strata of 
the Huetamo reg�on, only e�ght (about 38 percent) are conspe-
cific with those reported earlier from the Lower Cretaceous 
of the Tehuacán reg�on �n the state of Puebla, Mex�co (Fel�x, 
1891; Reyeros-Navarro, 1963), a local�ty about 350 km to 
the east of the study area.  However, of the same 21 coral spe-
c�es, nearly an equal number (n�ne spec�es, or about 43 per-
cent) also have been reported from the European Cretaceous.  
Interest�ngly, the major�ty of the spec�es common to these 
other two areas are ne�ther the same nor cosmopol�tan spe-
c�es: only two of the spec�es have been reported from both re-
g�ons.  Therefore, the degree of s�m�lar�ty between the lower 
Apt�an coral fauna from the Huetamo reg�on and that from 
the tehuacán region does not appear to be significant with re-
gard to tecton�c �nterpretat�ons of the pos�t�on of the Guerrero 
terrane dur�ng the Early Cretaceous.  Even less s�m�lar�ty 
occurs between the coral spec�es from the late Alb�an-early 
Cenoman�an fauna of the Mal Paso Format�on and those from 

the tehuacán region.  Of the 18 coral species collected from 
the Mal Paso Format�on, only one has been reported prev�-
ously from the Tehuacán reg�on.  However, 13 (or about 72 
percent) of the 18 coral spec�es recogn�zed �n the Mal Paso 
Format�on were not known prev�ously from any other local�-
ties.  Overall, the coral species from the lower Aptian are bet-
ter known and more w�dely d�str�buted: only three (or about 
14 percent) of the 21 spec�es reported from the lower Apt�an 
in this study are described as new.  Other similarities among 
the coral faunas known from other reg�ons of the globe are 
d�scussed �n the sect�on on paleob�ogeography.

The rather weak s�m�lar�t�es among the Cretaceous 
coral faunas of the adjacent reg�ons of Mex�co may be due to 
several unrelated factors.  One of the main reasons is that the 
coral faunas from both the Huetamo and Tehuacán reg�ons 
are from d�fferent ages.  The coral fauna from the lower 
Apt�an of the Huetamo reg�on �s s�m�lar to that from the 
Neocom�an of the Tehuacán reg�on, but the age of the latter �s 
not prec�sely known and may range from early Barrem�an to 
late Apt�an.  The �mportance of the age d�fference w�th regard 
to faunal s�m�lar�ty �s demonstrated by th�s study: although 
all of the stud�ed coral local�t�es �n the Huetamo reg�on are 
w�th�n a d�stance of 25 km, the coral spec�es known from the 
lower Apt�an Cumbur�nd�o Format�on are ent�rely d�fferent 
from those known from the upper Alb�an-lower Cenoman�an 
upper member of the Mal Paso Format�on.  Th�s �nd�cates that 
a total turnover �n coral spec�es occurred over a per�od of at 
most 22 m�ll�on years (the t�me �nterval from the Barrem�an-
Apt�an boundary to the Alb�an-Cenoman�an boundary 
based on the t�me scale of Gradste�n and others [1995]) 
and poss�bly as br�ef as an �nterval of 16 m�ll�on years, �.e., 
w�th�n the narrowest poss�ble l�m�ts of the t�me �nterval from 
latest early Apt�an to earl�est late Alb�an (based on ages from 
Gradste�n and others [1995]).  Furthermore, the corals of the 
Tehuacán reg�on st�ll are not well known.  The numerous 
reports of corals from the Tehuacán reg�on �nd�cate that a 
significant portion of the coral fauna remains unknown (see 
Agu�lera, 1906; F�lkorn, 2003).  As for the late Alb�an-early 
Cenoman�an coral fauna from the Huetamo reg�on, no coral 
fauna of s�m�lar age has been descr�bed from the Tehuacán 
reg�on.  Another reason for the faunal d�fference could be due 
to d�fferences �n depos�t�onal env�ronments.  For example, 
the lower Apt�an corals from the Huetamo reg�on were 

teCtoniC setting and paleobiogeographiC impliCations of the CretaCeous Coral faunas
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depos�ted �n a m�xed carbonate-volcan�clast�c depos�t�onal 
env�ronment, whereas those from the Tehuacán reg�on were 
depos�ted �n a more s�l�c�clast�c depos�t�onal env�ronment.

The strongest paleontolog�c ev�dence for an earl�er 
rather than later accret�on t�me of the southern part of the 
Guerrero terrane comes from the occurrences of two rud�st 
b�valve genera �n the Huetamo reg�on: Amphitriscoelus Harr�s 
and Hodson, 1922, �n the lower Apt�an of the Cumbur�nd�o 
Format�on (Pantoja-Alor et al., 1994; Alencáster and Pantoja-
Alor, 1996a; and th�s study), and Mexicaprina Coogan, 1973, 
�n the upper Alb�an-lower Cenoman�an upper member of the 
Mal Paso Format�on (F�lkorn, 2002a; and th�s study).  The 

relat�vely l�m�ted geograph�c and strat�graph�c d�str�but�ons 
of these taxa �n the Early and m�ddle Cretaceous of the 
Car�bbean prov�nce �nd�cate that the Huetamo reg�on was part 
of the same paleob�ogeograph�c doma�n.  The �mpl�cat�ons 
of the occurrence of Amphitriscoelus �n the lower Apt�an of 
the Cumbur�nd�o Format�on have been d�scussed prev�ously 
(Pantoja-Alor et al., 1994; Alencáster and Pantoja-Alor, 
1996a) and the tectonic significance of the species of 
Mexicaprina �n the upper Alb�an-lower Cenoman�an upper 
member of the Mal Paso Format�on of the Huetamo reg�on 
has been exam�ned �n an earl�er report from th�s study 
(F�lkorn, 2002a).
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The Cretaceous corals from two areas w�th�n the Huetamo re-
g�on are �nvest�gated �n th�s study.  Coral spec�mens have been 
collected from outcrops of the lower Apt�an Cumbur�nd�o 
Format�on �n the v�c�n�ty of Tur�tz�o, M�choacán, and from 
outcrops of the upper member of the upper Alb�an-lower 
Cenoman�an Mal Paso Format�on �n the state of Guerrero, 
just north of the rural v�llage of Chumbítaro, M�choacán.  
Two of the strat�graph�c sect�ons that conta�ned corals were 
descr�bed and measured by us�ng the Brunton pocket tran-
s�t and eye-he�ght method and, for some beds, a tape mea-
sure.  Field work started in January, 1994, and further field 
stud�es and coral collect�ons were made dur�ng January and 
November, 1995, January-February 1996, and January-
February, 1997.

All of the Cretaceous coral spec�mens descr�bed prev�-
ously from Mex�co and depos�ted �n the Colecc�ón Nac�onal 
de Paleontología at the Inst�tuto de Geología, Un�vers�dad 
Nac�onal Autónoma de Méx�co, �n Mex�co C�ty were re-ex-
am�ned and photographed �n January, 1994, as part of the pre-
l�m�nary �nvest�gat�ons for the taxonom�c work encompassed 
by th�s study.  Furthermore, a deta�led rev�ew of the l�terature 
on Cretaceous corals and other reef fauna from Mex�co and 
the rest of the globe also has been made (see F�lkorn, 2001, 
2003, 2006).

Although the major�ty of the newly collected coralla 
seemed to be well-preserved based on the�r external appear-
ance, almost all of them are thoroughly recrystall�zed �nter-
nally and thus the or�g�nal skeletal arch�tecture and m�cro-
structure are totally obl�terated and �nd�scern�ble.  Due to 
the frequently encountered extens�ve recrystall�zat�on, �t was 
difficult or impossible to prepare properly oriented thin sec-
t�ons from some of the spec�mens.  Thus, the mater�al used 
for th�n sect�ons of some of the spec�es was not as well-pre-
served as would have been des�red, but �t was the best of the 
exam�ned mater�al.

Corals from the lower Apt�an Cumbur�nd�o Format�on 
typ�cally are completely recrystall�zed to calc�te.  No or�g�nal 
skeletal aragon�te has been detected �n any of the samples 
analyzed by x-ray d�ffract�on.  The �nternal reg�ons com-
monly are dark gray to black crystall�ne calc�te and they lack 
any observable trace of the or�g�nal skeletal arch�tecture.  An 
external, silicified rind is present on some of the coralla that 
were �nterbedded w�th volcan�clast�cs, but th�s layer proved 

to be less taxonomically significant that initially anticipated 
because the s�l�ca replacement d�d not accurately repl�cate 
the or�g�nal skeletal structures.  Corals from the coral reef 
zone of the Cumbur�nd�o Format�on generally lacked the 
external r�nd of s�l�ca.  Due to the recrystall�zat�on, d�age-
net�c alterat�on, and weather�ng, the morpholog�cal charac-
teristics required for confident taxonomic classification are 
not preserved on many of the coralla from the Cumbur�nd�o 
Format�on.  After mak�ng numerous ser�al sl�ces through 
these recrystall�zed coralla, somet�mes rare, small zones or 
pockets were d�scovered wh�ch conta�ned preserved vest�ges 
of the skeletal arch�tecture.  The descr�pt�ons of the skeletal 
structures of many of the coral spec�es from the Cumbur�nd�o 
Format�on are based on stud�es of these vest�ges of relat�vely 
well-preserved mater�al.

Corals from the upper Alb�an-lower Cenoman�an Mal 
Paso Format�on appear to be fa�rly well-preserved externally, 
but �nternally the major�ty of the skeletal mater�al �s e�ther 
recrystall�zed or not preserved at all because of d�ssolut�on.  
Analyses of samples of skeletal mater�al �nd�cate that all of the 
coralla are recrystall�zed to calc�te.  Some of the larger, mas-
s�ve coralla exh�b�t ev�dence of �nternal d�ssolut�on and two 
d�st�nct stages of subsequent d�agenet�c m�neral�zat�on.  Vugs 
formed by d�ssolut�on w�th�n the cores of these coralla were 
later lined first by a layer of dark brown sparry or dog tooth 
calcite and secondly filled by coarsely crystalline celestite.  
Identifications of the recrystallized skeletal mineralogy and 
diagenetic minerals have been confirmed by x-ray diffraction.

Oriented thin sections were prepared for each identified 
coral species, if a sufficient amount of material was available, 
�n order to fac�l�tate the taxonom�c descr�pt�ons and spec�es 
identifications.  these oriented thin sections include at least 
one transverse sect�on and one long�tud�nal sect�on for the 
major�ty of the spec�es.  Whenever poss�ble, the th�n sect�ons 
for each spec�es were made from the same corallum that was 
photographed on the external surface.  However, �n some 
cases the corallum w�th the best preserved external deta�l was 
ent�rely recrystall�zed �nternally and therefore the or�ented 
thin sections had to be made from a conspecific specimen.  
B�llets or ch�ps were cut from the most well-preserved por-
t�ons of the coralla by us�ng a t�le saw w�th a d�amond blade.  
Th�n sect�ons of these b�llets were made us�ng standard th�n 
sect�on techn�ques.

material and  methods
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Scann�ng electron m�croscopy was performed w�th 
an International Scientific Instruments SX-40A scanning 
electron m�croscope (SEM).  Elemental analyses of some 
of the coral m�neral phases were made w�th a Pr�nceton 
Gamma-Tech energy d�spers�ve x-ray system attached to the 
same SEM.  A B�o-rad SEM coat�ng system was used to coat 
the SEM samples pr�or to photography or elemental analys�s.  
A gold (Au) coat�ng was appl�ed to samples that were to be 
photographed by the SEM and a carbon (C) coat�ng was 
appl�ed to samples that were to be analyzed for elemental 
compos�t�on by the energy d�spers�ve x-ray system.

Determ�nat�on of the m�neralog�cal compos�t�ons of 
samples of scleract�n�an coralla and d�agenet�c phases was 
made by x-ray d�ffract�on analys�s.  Samples were powdered 
and analyzed with a Rigaku Geigerflex x-ray diffractometer.  
No or�g�nal skeletal aragon�te was detected �n any of the ana-
lyzed samples.

the photographs shown in the figures of the coral 
species were made using five different methods.  Most pho-
tographs of external surfaces of coralla were taken w�th a 
Polaro�d MP-4 Land Camera and Kodak Techn�cal Pan 4 x 
5 inch black and white film.  Corallum surfaces were whit-
ened w�th ammon�um chlor�de �f enough surface rel�ef was 
present, otherw�se the natural color contrast of the surface 
was photographed.  F�ner, low-rel�ef features on a few coral-
lum surfaces were photographed w�th the SEM, as d�scussed 
above.  F�eld photographs were used to �llustrate the larg-
est corallum d�scovered �n the Cumbur�nd�o Format�on as �t 
appeared �n the outcrop.  Th�s spec�men obv�ously was too 
large to collect �n �ts ent�rety, but some of �ts branches were 
sampled and stud�ed �n deta�l and these are �llustrated �n the 
same figure as the field photographs.  Photographs of the thin 
sect�ons were made us�ng two methods.  For relat�vely low 
magnification photographs, the thin sections were projected 

onto Kodak technical Pan film with a Simmon Omega vari-
able condenser enlarger.  For higher magnifications, a pe-
trograph�c m�croscope was used.  These photom�crographs 
were taken w�th a W�ld Photoautomat MPS 45/51S, w�th a 35 
mm magazine, fitted to a Leitz Laborlux 12 Pol petrographic 
m�croscope.  Transm�tted polar�zed l�ght was used to make 
the photom�crographs.  Photographs from all of the negat�ves 
made from th�n sect�ons thus show the pos�t�ve �mage of the 
th�n sect�ons.

The morpholog�cal term�nology used �n the descr�pt�ons 
of the coral spec�es essent�ally �s that used by J. W. Wells 
(1956) �n the “Treat�se on Invertebrate Paleontology, Part 
F, Coelenterata”.  The sequence of morpholog�cal features 
�n the spec�es descr�pt�ons �s modeled from a h�erarch�cally 
structured l�st of scleract�n�an character�st�cs by M. Bertl�ng 
(1995).  Although there have been substant�al �ncreases �n 
knowledge on the taxonom�c d�vers�ty of corals s�nce the 
Treat�se volume was publ�shed �n 1956, much of the essent�al 
morpholog�cal term�nology has changed l�ttle over the last 
175 years.  However, the systematic classification presented 
�n the Treat�se �s more than 50 years old and cons�dered by 
most modern paleontolog�sts and coral taxonom�sts to be 
badly outdated.  the systematic classification scheme utilized 
in this study is adapted from more recent works, specifically 
those of J. E. N. Veron (1995) and D. Turnšek (1997).  Th�s 
classification scheme is reviewed at the beginning of the 
sect�on on systemat�c paleontology.

The l�mestone term�nology used �n th�s study �s from 
the classification scheme of Dunham (1962), with additional 
terms from a subsequent modification by embry and Klovan 
(1971).  The comb�ned sets of terms prov�de a more prec�se and 
more useful means of convey�ng the phys�cal character�st�cs 
of the l�mestones wh�le s�multaneously prov�d�ng �nformat�on 
on the env�ronment of depos�t�on.
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introdUction

The systemat�c paleontology sect�on �s d�v�ded �nto two 
parts because the coral spec�es that are descr�bed are from 
two d�fferent geolog�c ages and there are no spec�es �n 
common.  Coral spec�es from the lower Apt�an Cumbur�nd�o 
Formation are described in the first part and those from the 
upper Alb�an-lower Cenoman�an upper member of the Mal 
Paso Formation are described in the second part.  the first 
part also �ncludes one spec�es from lower Apt�an strata of the 
San Lucas Format�on.

All of the coral spec�mens descr�bed �n th�s study 
are depos�ted �n the Colecc�ón Nac�onal de Paleontología 
at the Inst�tuto de Geología (IGM), Un�vers�dad Nac�onal 
Autónoma de Méx�co, Méx�co D. F., Mex�co.

scleractinian classification

The h�gher level taxonom�c groups (suborders and 
fam�l�es) used �n the systemat�c paleontology sect�on are 
adapted from the classification schemes outlined by Veron 
(1995) and Turnšek (1997).  The sequence of suborders 
within the classification scheme is modeled primarily after 
the poss�ble phylogenet�c relat�onsh�ps outl�ned by Turnšek 
(1997, p. 36) w�th add�t�on of two suborders, as �nd�cated 
by an aster�sk (*), from the scleract�n�an fam�ly tree present-
ed by Veron (1995, p. 110).  The placements of these latter 
two suborders within the classification scheme are tentative.  
Other modifications to the classification scheme are noted in 
the text.  turnšek’s (1997) classification scheme of the scler-
act�n�an suborders and the�r poss�ble phylogenet�c group�ngs 
�s used as a template for the l�st of coral spec�es presented 
at the beg�nn�ng of each of the two systemat�c paleontology 
subsect�ons.

The coral descr�pt�ons presented here�n are based upon 
spec�mens collected dur�ng th�s study.  In several cases newly 
collected spec�mens are descr�bed and ass�gned to spec�es that 
or�g�nally were descr�bed and named �n an earl�er work.  In 
these latter s�tuat�ons, the descr�pt�ons of the Mex�can spec�-
mens are g�ven �n order to document the�r morpholog�cal 
character�st�cs and to support the taxonom�c determ�nat�ons.

The sequence of the morpholog�cal features presented 
w�th�n each of the spec�es descr�pt�ons �s modeled after a 

h�erarch�cally structured l�st of scleract�n�an character�st�cs 
(see Bertl�ng, 1995).  The morpholog�cal term�nology essen-
t�ally follows that of Wells (1956), w�th m�nor add�t�ons as 
necessary.

aBBreviations

The follow�ng abbrev�at�ons are used �n the systemat�c 
paleontology sect�on.
 
Coral morphology:
CD : cal�cular d�ameter;
LCD: lesser cal�cular d�ameter;
GCD : greater cal�cular d�ameter;
H: he�ght;
Sx: septa of x cycle, where x = 1, 2, 3, 4, and so on;
Sx>Sy:  s�ze relat�onsh�p of septa: septa of x cycle larger than 

septa of y cycle;
Cx: costae of x cycle, where x = 1, 2, 3, 4, and so on;
Cx>Cy: s�ze relat�onsh�p of costae: costae of x cycle larger 

than costae of y cycle.

Other abbreviations:
IGM: Colecc�ón Nac�onal de Paleontología, Inst�tuto 

de Geología, Un�vers�dad Nac�onal Autónoma de 
Méx�co, Mex�co C�ty;

M : prefix on labels of thin sections of coral specimens 
from the upper member of the Mal Paso Format�on 
�n the state of Guerrero, just north of Chumbítaro, 
M�choacán, Mex�co;

MP : prefix on an informal numbering of lithologic units 
of the upper member of the Mal Paso Format�on at 
the same local�ty ment�oned above;

TZ: label on th�n sect�ons of coral spec�mens from the 
Cumbur�nd�o Format�on �n the v�c�n�ty of Tur�tz�o, 
M�choacán, Mex�co.

fossil localities

The Cretaceous corals exam�ned �n th�s study have been 
collected from the follow�ng local�t�es.  The locat�on, strat�-
graph�c hor�zon, age, and lat�tude-long�tude coord�nates 
are g�ven for each local�ty.  The coord�nates are based on 

systematiC paleontology
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the Mex�can 1:50,000 scale topograph�c sheets Huetamo 
(E14A64) and Coyuca de Catalán (E14A74).  The pos�t�ons 
of these local�t�es are shown �n F�gure 2.

1.   Western flank of Loma teremitio, about 1.5 km 
north-northwest of the town of Tur�tz�o, M�choacán.  
Cumbur�nd�o Format�on, lower Apt�an.  Lat�tude 18 
degrees 32.39 m�nutes north, long�tude 100 degrees 
57.13 m�nutes west.

2.   The Arroyo Los Hornos and adjacent slopes to the 
south, about 1 km north of Tur�tz�o, M�choacán.  
Cumbur�nd�o Format�on, lower Apt�an.  Lat�tude 18 
degrees 32.10 m�nutes north, long�tude 100 degrees 
56.74 m�nutes west.

3.   The crest of a small h�ll locally known as Loma 
de San Juan, just south of Tur�tz�o, M�choacán.  
Cumbur�nd�o Format�on, lower Apt�an.  Lat�tude 18 
degrees 31.28 m�nutes north, long�tude 100 degrees 
56.65 m�nutes west.

4.  Near the v�llage of Las Eras, just southwest of 
Tur�tz�o.  Cumbur�nd�o Format�on, lower Apt�an.  
Lat�tude 18 degrees 30.60 m�nutes north, long�tude 
100 degrees 59.0 m�nutes west.

5.   the eastern flank of Loma La Cuchilla, locally called 
Loma de Los Cuachalalates, a h�ll about 7 km south-
southeast of Huetamo, M�choacán.  Upper part of the 
lower member of the San Lucas Format�on, lower 
Apt�an.  Lat�tude 18 degrees 33.81 m�nutes north, 
long�tude 100 degrees 52.04 m�nutes west.

6.  In the state of Guerrero, about 0.75 km north of the 
rural v�llage of Chumbítaro, M�choacán, and just 
north of the state border.  Upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  
Lat�tude 18 degrees 29.3 m�nutes north, long�tude 
100 degrees 42.5 m�nutes west.

part 1: loWer aptian coral species

the 20 coral species identified from the lower Aptian strata 
of the Cumburindio Formation are listed below.  One species, 
Stylina regularis Fromentel, 1862, from lower Apt�an strata 
of the San Lucas Format�on also �s l�sted below and descr�bed 
�n th�s sect�on.  Suborders pr�mar�ly are from Turnšek (1997, 
p. 36) w�th two add�t�ons, �nd�cated by an aster�sk (*), from 
Veron (1995, p. 110).  The poss�ble phylogenet�c relat�onsh�ps 

of the suborders are �nd�cated by the�r arrangement �nto four 
ma�n groups (from Turnšek, 1997, p. 36).  The placements of 
the two suborders from Veron (1995) w�th�n the four ma�n 
groups are tentat�ve.

GroUp 1

Suborder Pachythecal��na El�ášová, 1976 (Tr�ass�c)
Suborder Stylophyll�na Beauva�s, 1981a (Tr�ass�c)
Suborder Amph�astre�na Allo�teau, 1952
 Family Amphiastraeidae Ogilvie, 1897
  Genus Amphiastrea Étallon, 1859
   Amphiastrea aethiopica D�etr�ch, 1926
 Family Heterocoeniidae Oppenheim, 1930
  Genus Latusastrea d’Orbigny, 1849
   Latusastrea alveolaris (Goldfuss, 1829)

GroUp 2

Suborder Archaeocoen��na Allo�teau, 1952
 Fam�ly Act�nastrae�dae Allo�teau, 1952
  Genus Actinastrea d’Orbigny, 1849
   Actinastrea pseudominima (Koby, 1897)

Suborder Styl�n�na Allo�teau, 1952
 Fam�ly Cladophyll��dae Morycowa and Ron�ew�cz, 1990
  Genus Cladophyllia M�lne Edwards and Ha�me, 1851
   Cladophyllia stewartae Wells, 1944
 Fam�ly Cyathophor�dae Vaughan and Wells, 1943
  Genus Cyathophora M�chel�n, 1843
   Cyathophora haysensis Wells, 1932
   Cyathophora micrommatos (Fel�x, 1891)
  Family Stylinidae d’Orbigny, 1851
  Genus Stylina Lamarck, 1816
   Stylina regularis Fromentel, 1862

GroUp 3

Suborder D�st�chophyll��na Beauva�s, 1981a (Tr�ass�c)
Suborder Rh�p�dogyr�na Ron�ew�cz, 1976
 Fam�ly Rh�p�dogyr�dae Koby, 1905
  Genus Saltocyathus Morycowa and Masse, 1998
   Saltocyathus cumburindioensis n. sp.
 Fam�ly Trocho�domeandr�dae Turnšek, 1981
  Genus Rhipidomeandra Morycowa and Masse, 1998
   Rhipidomeandra bugrovae Morycowa and Masse, 1998
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Suborder Fav��na Vaughan and Wells, 1943
 Fam�ly Isastrae�dae Allo�teau, 1952
  Genus Isastrea M�lne Edwards and Ha�me, 1851
   Isastrea whitneyi Wells, 1932
Suborder Astreo�na Allo�teau, 1952 *
 Fam�ly Fav��dae Gregory, 1900
  Genus Eohydnophora Yabe and Eguch�, 1936
   Eohydnophora ovalis Masse and Morycowa, 1994
  Genus Eugyra Fromentel, 1857
   Eugyra lanckoronensis (Morycowa, 1964)
Suborder Meandr��na Allo�teau, 1952
Suborder Caryophyll��na Vaughan and Wells, 1943
Suborder Dendrophyll��na Vaughan and Wells, 1943 *

GroUp 4

Suborder Archaeofung��na Allo�teau, 1952 (Tr�ass�c)
Suborder Fung��na Verr�ll, 1865
 Fam�ly Act�nac�d�dae Vaughan and Wells, 1943
  Genus Actinaraea d’Orbigny, 1849
   Actinaraea michoacanensis n. sp.
  Genus Thamnarea Étallon, 1864
   Thamnarea hornosensis n. sp.
 Fam�ly Calamophyll��dae Vaughan and Wells, 1943
  Genus Calamophyllia Bla�nv�lle, 1830
   Calamophyllia sandbergeri Fel�x, 1891
 Fam�ly Haplarae�dae Vaughan and Wells, 1943
  Genus Meandrophyllia d’Orbigny, 1849
   Meandrophyllia sauteri (Fel�x, 1891)
 Fam�ly S�derastre�dae Vaughan and Wells, 1943
  Genus Siderofungia Re�s, 1889
   Siderofungia irregularis Fel�x, 1891
Suborder M�crosolen�na Morycowa and Ron�ew�cz, 1995
 Fam�ly Latomeandr�dae Allo�teau, 1952
  Genus Fungiastraea Allo�teau, 1952
   Fungiastraea crespoi (Fel�x, 1891)
 Fam�ly M�crosolen�dae Koby, 1890
  Genus Microsolena Lamouroux, 1821
   Microsolena guttata Koby, 1897
  Genus Polyphylloseris Fromentel, 1857

   Polyphylloseris conophora (Fel�x, 1891)
 Fam�ly Synastrae�dae Allo�teau, 1952
  Genus Felixastraea Oppenheim, 1930
   Felixastraea mexicana Reyeros-Navarro, 1963

Class Anthozoa Ehrenberg, 1834
Subclass Zoanthar�a Bla�nv�lle, 1830

Order Scleractinia Bourne, 1900
Suborder Amph�astre�na Allo�teau, 1952
Family Amphiastraeidae Ogilvie, 1897

Genus Amphiastrea Étallon, 1859

Type species.  Amphiastrea basaltiformis Étallon, 1859 (p. 
500-502).

Amphiastrea aethiopica Dietrich, 1926
F�gure 7

Amphiastrea aethiopica Dietrich, 1926, p. 62-63, pl. 8, fig. 1; 
Hackemesser, 1936, p. 9; Benduk�dze, 1961, p. 6-7, 
pl. 5, fig. 8; turnšek and Buser, 1976, p. 51-52, 76, 
pl. 5, figs. 4-6; turnšek, 1992, p. 164; Baron-Szabo 
and Steuber, 1996, p. 21, pl. 11, fig. 3; turnšek, 
1997, p. 13, pl. 13, figs. a-e; Baron-Szabo and 
González-León, 1999, p. 480, fig. 4k; Baron-Szabo 
and González-León, 2003, p. 192.

Description.  Corallum colon�al, attached, cer�o�d or subcer�-
oid, weakly aphroid, massive, flattened inverted cone-shaped, 
noncostate, small �n s�ze; the exam�ned spec�men, a fragment, 
about 60 x 60 mm �n w�dth and 45 mm �n he�ght.  Colony 
format�on by �ntratentacular(?) budd�ng.  Corall�tes d�st�nct, 
pr�smat�c, closely packed, axes perpend�cular to corallum sur-
face.  Cal�ces d�st�nct, typ�cally monocentr�c; cal�cular mar-
gins irregularly polygonal, four, five, six or seven sided.  CD 
var�able from 2 to 8 mm, depth of cal�ces 1-2 mm.

Septa well-developed but often vaguely defined periph-
erally, weakly �nsert, lam�nar, and sol�d.  Septa typ�cally 24 �n 

F�gure 7.  Amphiastraea aethiopica D�etr�ch, 1926, IGM-6996, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mex�co.  1, Deta�l of weathered oral surface of corallum, scale bar = 1 cm; 2, transverse th�n sect�on, corallum recrystall�zed, same scale as F�gure 7.1; 3, 
long�tud�nal th�n sect�on, same scale as �n F�gure 7.1; 4, transverse th�n sect�on, deta�l of septa, d�ssep�ments and wall of one corall�te, scale bar = 1 mm; 5, 
long�tud�nal th�n sect�on, deta�l of d�ssep�ments and corall�te walls, same scale as F�gure 7.4; 6, same sect�on, deta�l of ves�cular d�ssep�ments, same scale 
as F�gure 7.4.
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number, rad�ally arrayed w�th a generally hexameral symmetry 
and �n three septal cycles; s�ze relat�onsh�p of septa: S1>S2>S3.  
S1 th�n, stra�ght or broadly curved �n cross-sect�on, typ�cally ex-
tended from outer wall nearly to corall�te ax�s.  S2 s�m�lar to S1 
�n shape, but sl�ghtly smaller and often separated from wall by a 
narrow zone of ves�cular endothecal d�ssep�ments.  S2 commonly 
extended to near corall�te ax�s also.  S3 developed but reduced, 
length much shorter than that of S2, and also frequently sepa-
rated from outer wall by the zone of d�ssep�ments, but even more 
so than the S2.  Lateral surfaces of septa smooth; septal marg�ns 
smooth.  Inner marg�ns of S1 and S2 often th�ckened ax�ally and 
fused aborally.  Pal� and columella absent.

Wall ep�thecal, about 0.5 mm th�ck, those of adjacent 
corall�tes often fused together and up to 1 mm th�ck at 
cal�cular marg�n.  Upper, d�stal edges of walls term�nated by 
l�near, ra�sed, parallel, tw�n r�dges.  Endothecal d�ssep�ments 
numerous, th�n, d�scont�nuous, pr�mar�ly �n two zones: a tabular 
central reg�on and a ves�cular outer reg�on.  D�ssep�ments 
spaced about 1 mm apart.  Exter�or lateral surface of corallum 
ornamented with fine, horizontal growth lines.

Material examined.  One small fragment of a colony, IGM-
6996, w�th three th�n sect�ons (TZ-36 through TZ-38).

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of a small h�ll known as Loma 
de San Juan, just south of Tur�tz�o, M�choacán, Mex�co.  The 
coord�nates of th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

The only other known Mex�can occurrence of th�s 
spec�es has been reported from the upper Barrem�an-lower 
Apt�an and upper Apt�an-m�ddle Alb�an strata of the Cerro 
de Oro Formation in the northern part of the state of Sonora 
(Baron-Szabo and González-León, 1999, p. 480).

Th�s spec�es also has been reported from the Urgon�an 
(Barrem�an-Apt�an) of Tanzan�a, East Afr�ca (the type local�ty), 
and western Sloven�a, the Barrem�an-Apt�an of Yugoslav�a, 
the Apt�an of Greece, the Lower Cretaceous (Hauter�v�an-
Barrem�an) of Cr�mea, and the Cenoman�an(?) of Greece.  
The East Afr�can Cretaceous strata were prev�ously thought 
to be older, w�th�n the Neocom�an (Schuchert, 1918).

Discussion.  The morpholog�cal character�st�cs of the 
Mex�can corallum descr�bed above are the same as those 
typ�cally attr�buted to Amphiastrea aethiopica, therefore the 
spec�men �s ass�gned to that spec�es.

Only one other morphologically similar species of 
Amphiastrea has been reported from the Amer�can Cretaceous: 
Connectastrea infundibuliformis Wells, 1932 (p. 236-237, pl. 
33, figs. 6, 7).  the latter genus, Connectastrea Koby, 1904 
(p. 67), subsequently has been cons�dered a jun�or synonym 
of Amphiastrea by some authors (see Vaughan and Wells, 
1943, p. 231; Wells, 1956, p. F397).  Wells (1932) noted that 
Connectastrea was prev�ously known only from the Upper 
Jurass�c and that C. infundibuliformis was morpholog�cally 
s�m�lar to the type spec�es, A. piriformis Gregory, 1900 (p. 71-
72, pl. 14, fig. 14, pl. 15, figs. 1, 2), from the Upper Jurassic 
of Ind�a and Portugal, except the latter spec�es possesses 
corall�tes that are smaller, from 3 to 5 mm �n CD.  The s�ngle 
corallum of A. infundibuliformis descr�bed by Wells was the 
only coral spec�men collected from the uppermost Glen Rose 
Format�on �n Comal County, Texas, and �t �s the only known 
occurrence of that spec�es.  The type spec�men possesses 
polygonal cal�ces w�th shared s�ngle walls and an average 
CD of 8 mm, and septa that are relat�vely th�ck, weakly 
exsert, and 12 to 18 �n number. 

Several other spec�es of Amphiastrea are known from 
the Cretaceous of Europe, �nclud�ng Amphiastrea gracilis 
var. caespitosa de Angel�s, 1905c, and A. waltheri de Angel�s, 
1905c, both from the Urgon�an of Capr�, and A. paronai 
Prever, 1909, A. guiscardii Prever, 1909, A. delorenzoi Prever, 
1909, and A. minima Prever, 1909, from the Cenoman�an 
of Monti d’Ocre, Italy (Felix, 1914a, p. 13, 1914b, p. 87).  
Three spec�es of Amphiastrea recently have been reported 
from the Apt�an of Greece: A. aethiopica D�etr�ch, 1926, A. 
cf. A. aethiopica D�etr�ch, 1926, and A. minima Prever, 1909 
(Baron-Szabo and Steuber, 1996, p. 21).

Members of th�s genus also have been reported from the 
Cretaceous depos�ts of Japan (Eguch�, 1951) and several spec�es 
have been descr�bed, �nclud�ng Amphiastrea hiraigaensis (p. 
15-16, pl. 2, figs. 9, 10), A. yabei (p. 16, pl. 12, figs. 4, 5), A. 
sp. (p. 16-17, pl. 12, fig. 6), A. sp. (p. 17, pl. 12, figs. 1, 2, 3), 
and A. kamoensis (p. 59-60, pl. 24, figs. 10a, 10b).

Family Heterocoeniidae Oppenheim, 1930
Genus Latusastrea d’Orbigny, 1849

Latusastrea d’Orbigny, 1849, p. 10; d’Orbigny, 1850b, p. 
387; Vaughan and Wells, 1943, p. 231; Allo�teau, 
1952, p. 643; Wells, 1956, p. F397; Beauva�s, 1976, 
p. 25-26, pl. 6, fig. 3.
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Pleurocoenia d’Orbigny, 1849, p. 7.

Type species.  Explanaria alveolaris Goldfuss, 1829 (p. 110, 
pl. 38, fig. 6).

Latusastrea alveolaris (Goldfuss, 1829)
F�gure 8

Explanaria alveolaris Goldfuss, 1829, p. 110, pl. 38, fig. 6; 
Quenstedt, 1881, p. 822-824, pl. 175, figs. 27-31.

Latusastraea alveolaris (Goldfuss, 1829).  Becker and 
Milaschewitsch, 1875, p. 166-167, pl. 40, figs. 1a, 
1b; Beauvais, 1976, p. 25-26, pl. 6, fig. 3.

Latusastrea alveolaris (Goldfuss, 1829).  d’Orbigny, 1850b, 
p. 387; Vaughan and Wells, 1943, p. 316, pl. 24, figs. 
7, 7a; Geyer, 1954, p. 192-193, pl. 16, fig. 1; Wells, 
1956, p. F397, fig. 293; Lauxmann, 1991, p. 145, pl. 
6, figs. 6-8.

Latusastraea cf. L. polygonalis (Fromentel, 1862).  Fel�x, 
1891, p. 157-158, pl. 24, figs. 1, 1a, 1b; Löser, Bach, 
and Müller, 2002, p. 50.

Latusastrea sp.  Löser, 2006, p. 24, figs. 2J-L.

Description.  Corallum colon�al, attached, ploco�d, �ncrust�ng 
to fol�aceous, very fa�ntly str�ated or granulated, and small �n 
s�ze, the largest spec�men about 35 x 45 mm �n w�dth and 70 
mm �n he�ght.  Colony format�on by �ntratentacular budd�ng.  
Corall�tes laterally compressed, cune�form or subcyl�ndr�cal, 
closely packed, partly protuberant, and al�gned �n parallel, 
vert�cally or�ented rows.  Corall�te axes or�ented at low angle 
relat�ve to corallum surface.

Cal�ces unevenly d�str�buted, monocentr�c, extended 
laterally outward from corallum surface w�th oral surfaces 
or�ented upward.  Cal�cular marg�ns ell�pt�cal to crescent�c 
�n outl�ne.  Cal�ces shallow w�th small, funnel-shaped ax�al 
areas.  Greater d�mens�on of CD typ�cally about 4 mm and 
or�ented hor�zontally, parallel to corallum surface.  Lesser 
d�mens�on of CD about 2 mm, or�ented perpend�cular to 
colony surface, and angled outward relat�ve to corallum 
surface, typ�cally 45 degrees or steeper.  Intercal�ce d�stance 
h�ghly var�able: typ�cally 3-12 mm vert�cally along s�de of 
corallum and 1-4 mm hor�zontally along lateral transect 
across same area.

Septa unequally developed, non-exsert, lam�nar, and 
sol�d.  Septa typ�cally 24 �n number, d�fferent�ally developed 

�n each half of corall�te, markedly b�lateral �n symmetry, and 
�nserted �n three septal cycles.  Septa unequally developed 
w�th�n each cycle, the expected relat�onsh�p between 
ontogenet�c sequence and septal development or s�ze �nstead 
replaced by strongly b�lateral, symmetr�cal development of 
septa w�th�n cal�ce.  General�zed s�ze relat�onsh�p among 
septa, S1>S2>S3, corresponds only to septa �n that half 
of corall�te prox�mal to corallum surface.  Septa of all 
three cycles present �n d�stal half of corall�te, but weakly 
developed and very short relat�ve to those �n oppos�te half.  
Septa blade-shaped �n cross sect�on, stra�ght or gently 
curved, closely spaced, and th�n.  S1 well-developed on 
prox�mal s�de of corall�te, or�ented nearly parallel to LCD 
and often elongated �nto ax�al reg�on.  S1 about 0.2 mm �n 
w�dth, the�r length typ�cally equal to or greater than half 
the LCD.  S2 s�m�lar to S1 �n shape, only sl�ghtly th�nner 
and shorter.  S3 th�nner and shorter than S2, the�r length 
about half that of the S2.  Interseptal spaces nearly equal to 
w�dth of adjacent septa.  Lateral surfaces of septa uneven to 
fa�ntly crenulated.  Septal marg�ns appear beaded.  Pal� and 
columella absent.

Wall pr�mar�ly septothecal and th�n.  Endothecal 
d�ssep�ments formed �n two zones: tabular, th�n, spaced 
about two per mm �n near ax�al reg�ons and ves�cular �n 
per�pheral reg�ons adjacent to wall.  Exothecal d�ssep�ments 
or coenosteum vesicular and in a narrow zone.  Outer surface 
of corallum fa�ntly costate or str�ated and granulated.

Material examined.  Two spec�mens: IGM-6997, a small 
corallum or part of a corallum (figured); and a small fragment, 
IGM-6998, w�th two th�n sect�ons (TZ-22 and TZ-23).

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of a small h�ll called Loma de 
San Juan, just south of Tur�tz�o, M�choacán, Mex�co.  The 
coord�nates of th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.  
The only other Mex�can occurrence of th�s spec�es �s from 
the Lower Cretaceous �n the v�c�n�ty of Tehuacán, state of 
Puebla (see comments �n the d�scuss�on). 

The other occurrences of th�s spec�es are from the 
Upper Jurass�c of Europe.

Discussion.  The d�ameter of the cal�ces, the number and 
arrangement of the septa, and the granulated exter�or surfaces 
of the corallum are most s�m�lar to those character�st�cs 



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr22



CRetACeOUS CORALS FROM tHe HUetAMO ReGION, MICHOACAN AND GUeRReRO StAteS 23

typ�cally attr�buted to Latusastrea alveolaris, thus the 
spec�mens exam�ned are referred to that spec�es.  The spec�es 
described by Felix (1891, p. 157-158, pl. 24, figs. 1, 1a, 1b) as 
Latusastraea cf. L. polygonalis (Fromentel, 1862) appears to 
possess these same morpholog�cal character�st�cs, therefore 
�t �s tentat�vely reass�gned to L. alveolaris.

Suborder Archaeocoen��na Allo�teau, 1952
Fam�ly Act�nastrae�dae Allo�teau, 1952

Genus Actinastrea d’Orbigny, 1849

Type species.  Astrea geminata Goldfuss, 1826 (p. 69-70, pl. 
23, figs. 8e, f; d’Orbigny, 1849, p. 10).

Actinastrea pseudominima (Koby, 1897)
F�gure 9

Astrocoenia pseudominima Koby, 1897, p. 59-60, pl. 15, figs. 
4, 4a; ?Fel�x, 1909, p. 174; Fel�x, 1914a, p. 74; Fel�x, 
1914b, p. 37; Dietrich, 1926, p. 93-94, pl. 6, fig. 9; 
Gregory, 1930, p. 200, pl. 18, fig. 5; Hackemesser, 
1936, p. 71-72, pl. 7, fig. 14; Marković, 1951, p. 
192, pl. 5, fig. 4.

Actinastrea pseudominima (Koby, 1897).  Benduk�dze, 1961, 
p. 8; Morycowa, 1964, p. 18, pl. 1, figs. 2-5, pl. 2, 
fig. 2; Morycowa, 1971, p. 33-39, pl. 1, figs. 1-3, pl. 
2, fig. 1, pl. 3, fig. 1, pl. 4, fig. 1, pl. 5, fig. 3, text figs. 
6a, 11-14; Sikharulidze, 1977, p. 69-71, pl. 7, fig. 1; 
S�kharul�dze, 1979, p. 303-304; Kuzm�cheva, 1980, 
p. 92, pl. 34, fig. 1; Morycowa, 1984, p. 78, pl. 17, 
fig. 2; Geyer and Rosendahl, 1985, p. 167, pl. 2, fig. 
1; Kuzmicheva, 1987, p. 217-220, pl. 1, figs. 1a, b; 
Kuzmicheva, 1988, p. 154, pl. 1, figs. 1a, b; ?Löser, 
1989, p. 98, pl. 21, fig. 3, text fig. 3; Morycowa, 
1989, p. 60, pl. 18, fig. 2; eliášová, 1992, p. 402, pl. 
5, fig. 3; turnšek, 1992, p. 164; Abdel-Gawad and 
Gameil, 1995, p. 8, pl. 4, figs. 3-6; Morycowa and 
Masse, 1998, p. 736, 738, figs. 10.1, 10.3.

Astrocoenia hexamera Fritzsche, 1923, p. 318-319, pl. 3, fig. 7.

Description.  Corallum colon�al, attached, cer�o�d, �ncrust�ng 
to mass�ve to ramose, and noncostate.  S�ze relat�vely large; 
exam�ned spec�men 20 cm �n d�ameter and 10 cm �n he�ght.  
Colony format�on by extratentacular budd�ng.  Corall�tes 
d�st�nct, pr�smat�c, usually s�x-s�ded, closely packed.  Cal�ces 
monocentr�c, marg�ns subc�rcular to rounded polygonal �n 
outl�ne.  CD var�able, from 1 to 2 mm; depth of cal�ces about 
1 mm.  Cal�ces typ�cally separated by �ntercal�ce d�stance of 
about 0.5 to 1 mm.  Cal�cular centers typ�cally spaced 1-2 
mm apart, rarely 3 mm.

Septa well-developed, weakly exsert, lam�nar, and 
sol�d.  Septa typ�cally 24 �n number, rad�ally arrayed, 
hexamerally symmetr�cal, and �nserted �n three septal cycles.  
S�ze relat�onsh�p among septa: S1≥S2>S3.  S1 and S2 lam�nar 
to sl�ghtly blade-shaped �n cross sect�on, stra�ght, and very 
thin, less than 0.1 mm.  Septa of first two cycles extended 
from wall to columella.  Full complement of S3 (12 septa) 
typ�cally present but weakly developed.  S3 sl�ghtly th�nner 
than S2 and about half the length of the S2.  S2 th�ckened at 
�nsert�on po�nts of S3.  Lateral surfaces of septa smooth or 
finely granular; septal margins smooth.  Inner margins of 
S1 and S2 fused to columella.  Inner marg�ns of S3 fused to 
parental S2 aborally.

Pal�-l�ke structures developed aborally on S2 at 
�nsert�on of S3.  Columella well-developed, styl�form, sol�d, 
vert�cally cont�nuous, cyl�ndr�cal to ell�pt�cal or aster�form 
�n cross sect�on.  W�dth of columella about 0.5 mm, or about 
one-fourth to one-th�rd the CD.

Wall septothecal.  Endothecal d�ssep�ments tabular, 
d�scont�nuous, th�n, vert�cally spaced about 5-6 per mm.

Material examined.  One large massive to ramose corallum, 
IGM-6999, w�th three th�n sect�ons (TZ-39 through TZ-41).  
The corallum was collected from an �n s�tu occurrence at the 
base of the Loma de San Juan (see occurrence).

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an.  
Coralla of th�s spec�es are common �n the lowermost exposed 
argillaceous mudstone beds at the base of the western flank 

F�gure 8.  Latusastraea alveolaris (Goldfuss, 1831), Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, Mex�co.  1, 
IGM-6997, deta�l of weathered oral surface of corallum, lateral v�ew, scale bar = 1 cm; 2, IGM-6998, th�n sect�on, corallum recrystall�zed, same scale as 
F�gure 8.1; 3, same corallum, pr�mar�ly long�tud�nal th�n sect�on, same scale as F�gure 8.1; 4, obl�que long�tud�nal sect�on, deta�l of septa and d�ssep�ments 
�n one cal�ce, scale bar = 1 mm; 5, long�tud�nal th�n sect�on, deta�l of two adjacent corall�tes w�th d�fferent or�entat�ons, nearly transverse on left and long�-
tud�nal on r�ght, same scale as F�gure 8.4; 6, same sect�on, deta�l of d�ssep�ments �n two adjacent corall�tes, same scale as F�gure 8.4.
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of a small h�ll locally known as Loma de San Juan, just south 
of Tur�tz�o, M�choacán, Mex�co.  Th�s local�ty �s just west-
northwest of the pos�t�on of the coral reef local�ty at the crest 
of the same h�ll.  The coord�nates of the latter local�ty are: 
18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es also has been reported from the Urgon�an 
of Re�gn�er, Sw�tzerland, wh�ch �s the type local�ty; the 
Urgon�an north of Freretown, Kenya, East Afr�ca; the lower 
Valang�n�an of southern Spa�n; the Neocom�an (Hauter�v�an-
Barrem�an), Barrem�an and Apt�an of Poland; the Neocom�an 
(Hauter�v�an-Barrem�an) of German East Afr�ca (Tanzan�a); 
the Hauter�v�an of Cr�mea, the lower Barrem�an of Georg�a, 
Turkmen�stan and France; the Barrem�an-Apt�an of the 
Sov�et Carpath�ans and Yugoslav�a; the lower Apt�an of 
Roman�a; the Apt�an of Serb�a; the Alb�an of northern S�na� 
Pen�nsula, Egypt; the m�ddle Cretaceous (Cenoman�an) of 
Greece; the ?Cenoman�an of Syr�a and Germany; and the 
upper Cenoman�an-lower Turon�an of Czechoslovak�a.

Astrocoenia hexamera Fr�tzsche, 1923 (p. 318-319, 
pl. 3, fig. 7), which has been considered a junior synonym 
of A. pseudominima (Koby, 1897) (D�etr�ch, 1926, p. 94; 
Morycowa, 1964, p. 18), was or�g�nally descr�bed from the 
Neocom�an of Molle Alto, Ch�le.

Discussion.  The morpholog�cal character�st�cs of the 
Mex�can spec�men descr�bed above are the same as those 
typ�cally attr�buted to Actinastrea pseudominima (Koby, 
1897), therefore the mater�al �s ass�gned to that spec�es.

Some of the other spec�es of Actinastrea, �nclud�ng 
A. kellumi (Wells, 1946), A. whitneyi, and A. cesaredensis, 
also possess pal�-l�ke trabecular extens�ons from the upper 
marg�ns of the septa (Wells, 1946, p. 2).

Add�t�onal data on the strat�graph�c and geograph�c 
d�str�but�ons of th�s genus are prov�ded �n the d�scuss�on 
sect�ons g�ven for A. guadalupae (Roemer, 1849) and A. 
chumbitaroensis n. sp. �n the second part of the sect�on on 
systemat�c paleontology.

Suborder Styl�n�na Allo�teau, 1952
Fam�ly Cladophyll��dae Morycowa and Ron�ew�cz, 1990

Discussion.  The fam�ly was erected to accommodate three 
genera, Cladophyllia, Apocladophyllia and, w�th reservat�on, 
Halysitastraea Geyer, 1968.

Genus Cladophyllia M�lne Edwards and Ha�me, 1851 (p. 81)

Type species.  Lithodendron dichotomum Goldfuss, 1829 
(p. 44, pl. 13, figs. 3a, b), by subsequent designation 
(Wells, 1933, p. 172).

Cladophyllia stewartae Wells, 1944b
F�gure 10

Cladophyllia n. sp.  Hedberg and Pyre, 1944, p. 7.
Cladophyllia stewartae Wells, 1944b, p. 442, pl. 74, figs. 2, 

3; Morycowa and Ron�ew�cz, 1990, p. 168, 170.

Description.  Corallum colon�al, attached, phacelo�d, bushy, 
noncostate; s�ze of corallum unknown.  Colony format�on by 
d�chotomous �ntratentacular d�stomodaeal budd�ng.  Branches 
generally cyl�ndr�cal, typ�cally from 3 to 4 mm �n d�ameter, 
subparallel to �ntertw�ned, frequently b�furcated, and laterally 
free but closely spaced (3 mm or less) or �n contact and fused 
to each other.  Each length of branch between b�furcat�ons 
essent�ally composed of a s�ngle elongate corall�te.  Branch 
�nsert�ons spaced about 8 mm apart.  Apophyses between 
branches absent.  Corall�te morpholog�cal character�st�cs 
essent�ally the same as those g�ven for the branches.

Cal�ces monocentr�c; cal�cular marg�ns c�rcular to 
subc�rcular �n outl�ne.  CD typ�cally from 3 to 4 mm, or 
sl�ghtly less than the d�ameter of the branch.  Depth of cal�ces 
about 1 mm.  Ax�al reg�on at center of cal�ce about one-th�rd 
the CD �n d�ameter. 

Septa well-developed, exsert(?), lam�nar and sol�d.  
Trabecular m�crostructure not preserved.  Septa typ�cally 
at least 24 �n number, arranged hexamerally and �nserted �n 
three septal cycles: S1≥S2>S3.  Some S4 occas�onally present 
but very weakly developed.  Septa blade-shaped �n cross 
section and straight, those of the first cycle about 0.2 mm in 
w�dth.  S1 and S2 extended from wall to columella �n ax�al 

F�gure 9.  Actinastrea pseudominima (Koby, 1897), IGM-6999, Cumbur�nd�o Format�on, lower Apt�an, western base of Loma de San Juan, Tur�tz�o, State 
of M�choacán, Mex�co.  1, Part of the oral surface, weathered, scale bar = 1 cm; 2, transverse th�n sect�on, same scale as F�gure 9.1; 3, obl�que long�tud�nal 
th�n sect�on, same scale as F�gure 9.1; 4, transverse th�n sect�on w�th some of the larger, more w�dely spaced corall�tes, same scale as F�gure 9.1; 5, deta�l of 
obl�que long�tud�nal th�n sect�on, scale bar = 1 mm; 6, deta�l of corall�tes shown above, same scale as F�gure 9.5; 7, transverse th�n sect�on of some of the 
smaller corall�tes, same scale as F�gure 9.1; 8, same sect�on, deta�l of corall�tes, same scale as F�gure 9.5.
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reg�on of corall�te.  S3 about half the length of S2 and sl�ghtly 
th�nner.  S4, when present, about one-th�rd the s�ze of the S3, 
or smaller.  Interseptal spaces equal to or narrower than w�dth 
of adjacent septa.  Lateral surfaces of septa ornamented by 
elongate granulat�ons or dentat�ons approx�mately 0.2 mm 
�n he�ght and vert�cally spaced 0.25 mm apart, or 4 per mm.  
Septal marg�ns s�m�larly granulated.  Inner marg�ns of S1 
�nterm�ttently fused to columella by ax�ally extended septal 
trabeculae.

Columella well-developed, trabecular, densely 
constructed, vert�cally cont�nuous, and subcyl�ndr�cal or 
�rregularly shaped �n cross sect�on.  Columella about 0.7 
mm �n d�ameter, or sl�ghtly less than one-th�rd the CD.  
Intertw�ned columellar trabeculae �nterm�ttently fused to 
�nner marg�ns of S1 and S2.

Wall weakly septothecal, poss�bly secondar�ly 
parathecal and ep�thecal.  Endothecal d�ssep�ments th�n, 
tabular, laterally d�scont�nuous, vert�cally spaced 0.5-1 mm 
apart, and generally more common �n per�pheral reg�on of 
corallite.  external surface of corallites exhibit low, very fine, 
transverse r�dges or l�nes, �nterpreted as growth l�nes.

Material examined.  Spec�men IGM-7000, a l�tholog�c 
sample of a phacelo�d coral packstone, w�th three th�n 
sect�ons (TZ-27 through TZ-29).

Occurrence.  Upper part of the lower member of the San 
Lucas Formation, lower Aptian, from the eastern flank of 
Loma La Cuch�lla, a h�ll located about 7 km south-southeast 
of Huetamo, M�choacán.  The h�ll �s locally known as Loma 
de los Cuachalalates, a name der�ved from the small v�llage 
of Los Cuachalalates at the southwestern end of the h�ll.  The 
approx�mate coord�nates of th�s local�ty are: 18° 33.81’ N, 
100° 52.04’ W.

Cladophyllia stewartae was or�g�nally descr�bed from 
spec�mens that were collected from the upper Barranquín 
Format�on �n the state of Sucre, northeastern Venezuela 
(Wells, 1944).

Discussion.  The character�st�cs of the mater�al exam�ned here-
�n essent�ally conform to the descr�pt�on of the spec�es g�ven by 
Wells (1944b).  Most of the mater�al �s recrystall�zed and par-
tially silicified, but vestiges of the original architecture are pre-
served �n a few of the corall�tes.  The spec�mens exh�b�t �ntrat-
entacular d�chotomous budd�ng of corall�tes by development of 
a wall from two of the opposed S1, a character�st�c of the mem-
bers of th�s genus (Morycowa and Ron�ew�cz, 1990, p. 169).  
The outermost port�on of the wall (ep�theca) typ�cally �s not 
preserved �n the mater�al exam�ned and therefore the underly-
�ng per�pheral edges of the septa are exposed.  Accord�ngly, the 
corallum branches often appear to be costate.  Th�s feature of 
the external surface, �.e. the “... (?)costosepta covered w�th ep�-
theca...”, has been noted by Morycowa and Ron�ew�cz (1990, 
p. 170), but alternat�vely �t could be �nterpreted as a product of 
d�fferent�al weather�ng.  Ghosts of the wall structure observed 
�n th�n sect�on suggest that the outer surfaces have been mod�-
fied by dissolution or recrystallization, or both.

Morycowa and Ron�ew�cz (1990) recently rev�sed the 
genus and emended the gener�c d�agnos�s.  The presence of 
lateral connect�ons between the branches, termed apophyses, 
was ut�l�zed by them as the pr�mary d�agnost�c character�st�c 
of Apocladophyllia.  The mater�al exam�ned here�n lacks 
apophyses, although �n some sect�ons the branches appear 
to be �n lateral contact and fused and the�r cyl�ndr�cal shape 
deformed �nto polygonal pr�sms.

A few other spec�es of Cladophyllia are known 
from the Cretaceous of the Amer�cas, but they are clearly 
morpholog�cally d�st�nct from C. stewartae (see Wells, 
1944b).  The geograph�cally and strat�graph�cally nearest 
form �s C. miroi Fel�x, 1891, from the Apt�an near Tehuacán, 
state of Puebla, Mex�co, but �ts corall�tes are much narrower 
than those of C. stewartae.  Cladophyllia furcifera Roemer, 
1888, �s known from the m�ddle Alb�an Edwards L�mestone 
of Texas, but �ts corall�tes are shorter and th�cker than those 
of C. stewartae.  The genus, and fam�ly, overall reportedly 
ranges from the Bajoc�an to the Alb�an (Morycowa and 
Ron�ew�cz, 1990).

F�gure 10.  Cladophyllia stewartae Wells, 1944, IGM-7000, upper part of lower member of San Lucas Formation, Aptian, eastern flank of Loma La Cuchilla, 
a h�ll located about 7 km SSE of Huetamo, State of M�choacán, Mex�co.  1, Th�n sect�on w�th several transverse and obl�que sect�ons of branches, scale bar 
= 1 cm; 2, th�n sect�on w�th long�tud�nal and obl�que sect�ons of branches, same scale as F�gure 10.1; 3, transverse sect�on of corall�te, scale bar = 1 mm; 4, 
transverse th�n sect�on of branch �n process of b�furcat�on, same scale as F�gure 10.3; 5, transverse th�n sect�on of nearly completed branch b�furcat�on, same 
scale as F�gure 10.3; 6, deta�l of long�tud�nal th�n sect�on, same scale as F�gure 10.3; 7, transverse obl�que th�n sect�on of corall�tes and wall reg�on, same 
scale as F�gure 10.3; 8, deta�l of long�tud�nal sect�on near branch b�furcat�on, same scale as F�gure 10.3.
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Fam�ly Cyathophor�dae Vaughan and Wells, 1943
Subfam�ly Cyathophor�nae Vaughan and Wells, 1943

Genus Cyathophora M�chel�n, 1843

Type species.  Cyathophora richardi M�chel�n, 1843 (p. 104, 
pl. 26, figs. 1a, 1b) (= Astrea bourgueti Defrance, 
1826, p. 380) (Vaughan and Wells, 1943, p. 109; 
Wells, 1956, p. F375).

Cyathophora haysensis Wells, 1932
F�gure 11

Cyathophora haysensis Wells, 1932, p. 237, pl. 30, fig. 4, pl. 
32, fig. 5; eguchi, 1933, p. 122; Hedberg and Pyre, 
1944, p. 7; Wells, 1944b, p. 433-434, pl. 69, figs. 5, 
6; ?Reyeros, 1983, p. 15-16, pl. 2, fig. 3, pl. 3, fig. 2; 
Baron-Szabo, 1997, p. 39, pl. 3, fig. 5; Baron-Szabo 
and González-León, 1999, p. 478, fig. 4a.

Description.  Corallum colon�al, attached, ploco�d, �ncrust�ng to 
ramose, d�st�nctly costate, and small �n s�ze, the largest spec�men 
about 100 x 50 mm �n w�dth and 40 mm th�ck.  Branches lath-
shaped.  Colony format�on by extracal�cular budd�ng.  Corall�tes 
cyl�ndr�cal, evenly d�str�buted, w�th axes or�ented perpend�cular 
to corallum surface.  Cal�ces well-del�neated and monocentr�c.  
Cal�cular marg�ns generally c�rcular �n outl�ne w�th a strong 
overpr�nt of hexameral symmetry produced by d�fferent�al de-
velopment of the three septal cycles.  CD typ�cally 2.5-3.0 mm.  
D�stance between cal�ces ranges from 0.6 to 2.4 mm.

Septa well-developed, exsert, lam�nar, and structurally 
cont�nuous w�th costae.  Septa typ�cally 24 �n number and 
d�st�nctly hexamerally arrayed �n three septal cycles.  S�ze 
relat�onsh�p among septa: S1>>S2>S3.  S1 robust, stra�ght, 
wedge-shaped �n cross sect�on near wall, but more blade-
shaped toward corall�te ax�s.  S1 approx�mately 0.3 mm th�ck 
and up to 1 mm �n length, or between about half to two-th�rds 
the d�stance from wall to corall�te ax�s.  S2 wedge-shaped 
�n cross-sect�on, about 0.2 mm �n th�ckness, stra�ght, very 
much shorter than S1, 0.15 mm in length or about one-fifth 
the length of S1, or one-tenth the d�stance from wall to coral-
l�te ax�s.  S3 typ�cally developed, s�m�lar �n appearance to S2, 
but sl�ghtly smaller �n th�ckness and length.  Lateral surfaces 
of septa flat and unornamented.  Septal margins smooth, the 
�nner edges or�ented nearly vert�cal.

Pal� and columella absent.  Corall�te ax�al reg�on 
hollow, the w�dth of the vo�d, as del�neated by �nner edges of 
S1, approx�mately half the CD.

Wall septothecal, nonperforate, th�n, and sol�d.  
Endothecal d�ssep�ments tabular, hor�zontal, about 0.2 mm 
�n th�ckness, vert�cally spaced about 0.5 mm apart, and 
cont�nuous across corall�te �nter�or spaces.  Coenosteum 
tabular to ves�cular; d�ssep�ments arched convex-upward, 
th�nner, and more numerous, but less regular �n d�str�but�on 
than those of the endotheca.

Costae robust, stra�ght, smooth, rad�ally (hexamerally) 
arrayed around cal�ces, and structurally cont�nuous w�th septa 
of the same cycle.  Costae narrow, approx�mately 0.25 mm �n 
w�dth.  Costae appear as steep-s�ded, sharp-crested, stra�ght 
r�dges.  Costae of the three septal cycles weakly d�fferent�ated 
by w�dth and he�ght, C1>C2>C3.  Intercostal furrows d�st�nct 
and sl�ghtly narrower �n w�dth than the w�dths of adjacent 
costae.  Costae typically confluent with those of adjacent 
corall�tes, but not necessar�ly w�th those of the same septal 
cycle; some C1 correspond to e�ther C2 or C3.  L�near�ty of 
costae typically abruptly deflected at confluences.

Material examined.  Three small branches or coralla, only 
one with the surface details well-preserved, IGM-7001 (fig-
ured); and th�n sect�ons from two other fragments, IGM-7002 
(th�n sect�on TZ-10), and IGM-7003 (th�n sect�on TZ-11).  
Skeletal mater�al typ�cally �s recrystall�zed and the m�croar-
ch�tecture and trabecular m�crostructure are not preserved.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
western flank of Loma teremitio, a hill about 1.5 km north-
northwest of the town of Tur�tz�o, M�choacán, Mex�co.  The 
approx�mate coord�nates of th�s local�ty are: 18° 32.39’ N, 
100° 57.13’ W.

Cyathophora haysensis Wells, 1932, also �s known 
from the lower Alb�an lower Glen Rose of Hays County, 
Texas (Wells, 1932, p. 237), the Apt�an upper Barranquín 
Format�on of Sucre, northeastern Venezuela (Wells, 1944b, 
p. 433; Hedberg and Pyre, 1944, p. 7), and the m�ddle Alb�an 
of the Esp�nazo del D�ablo Format�on �n the northern reg�on 
of the state of Sonora, Mex�co (Baron-Szabo and González-
León, 1999, p. 478).

Discussion.  Several spec�es of the genus Cyathophora have 
been descr�bed from the Cretaceous.  The d�ameter and spac�ng 
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of the cal�ces, the number of septa, and the symmetry of the septal 
arrangement, usually are fa�rly cons�stent w�th�n �nd�v�dual 
colon�es and therefore they are the pr�mary morpholog�cal 
character�st�cs used to d�st�ngu�sh the var�ous spec�es from each 
other.  Symmetry of the septal arrangement can be character�zed 
as e�ther tetrameral, pentameral, or hexameral.

In the or�g�nal descr�pt�on of Cyathophora haysensis, 
Wells (1932, p. 237) stated that the average CD was 3.0 mm, 
that the cal�ces were spaced about 1.0 mm apart, that the septa 

were 10 to 12 �n number, and that four tabular endothecal 
d�ssep�ments occurred �n a space of 2 mm.  Later, Wells 
(1944b, p. 433-434) emended the spec�es descr�pt�on and 
gave 20 to 24 as the corrected number of septa.  Add�t�onally, 
he noted that a spec�men from Venezuela had cal�ces w�th a 
CD of 2.5 to 3.0 mm and a spac�ng of 3 to 4 mm between 
cal�cular centers.

The well-preserved spec�men descr�bed above, IGM-
7001, has cal�ces w�th a CD of 2.5 to 3.0 mm that are spaced 

F�gure 11.  Cyathophora haysensis Wells, 1932, Cumbur�nd�o Format�on, lower Apt�an, west slope of Loma Terem�t�o, north of Tur�tz�o, State of M�cho-
acán, Mex�co.  1, IGM-7001, deta�l of weathered oral surface of corallum, scale bar = 1 cm; 2, IGM-7002, transverse th�n sect�on, corallum recrystall�zed, 
same scale as F�gure 11.1; 3, IGM-7003, long�tud�nal th�n sect�on, scale bar = 1 mm; 4, same sect�on shown �n F�gure 11.2, deta�l of one corall�te, same 
scale as F�gure 11.3.
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0.6 to 2.4 mm apart and possess 24 septa that are hexamerally 
arrayed �n three complete cycles.  These character�st�cs are 
the same as those l�sted above for Cyathophora haysensis, 
thus the spec�mens are referred to that spec�es.

The spec�mens referred to Cyathophora haysensis by 
Reyeros (1983, p. 15-16, pl. 2, fig. 3, pl. 3, fig. 2) and Baron-
Szabo (1997, p. 39, pl. 3, fig. 2) possibly belong to other 
spec�es: the former possesses cal�ces w�th only two cycles of 
pentamerally arrayed septa (10 septa) and the latter possesses 
cal�ces w�th a var�able number of septa, typ�cally fewer, and 
extremely short S1 (less than one-s�xth the CD).

Several other spec�es of Cyathophora have been 
descr�bed from the Cretaceous of the Amer�cas and 
most of them are eas�ly d�st�ngu�shed from C. haysensis.  
Cyathophora haysensis �s morpholog�cally s�m�lar to C. 
atempa Felix, 1891 (p. 155, pl. 25, figs. 7, 7a, 8), from 
Neocom�an strata near Tehuacán, state of Puebla, except that 
the latter character�st�cally possesses a smaller CD (2.0-2.5 
mm) and fewer septa (18-22).  The spec�mens ass�gned to 
C. atempa by Reyeros-Navarro (1963, p. 9-10, pl. 4, figs. 
7, 8) reportedly possess a columella and therefore they 
probably belong to another genus.  Cyathophora steinmanni 
Fritzsche, 1923 (p. 316-317, pl. 3, fig. 8, pl. 4, fig. 3), from 
the Neocom�an (Gerth, 1928, p. 14) of Molle Alto, Ch�le, 
has cal�ces 1.75-2.0 mm �n d�ameter and spaced about 2 
mm apart, w�th up to three cycles of hexamerally arrayed 
septa (based on the or�g�nal descr�pt�on).  Cyathophora 
hedbergi Wells, 1944b (p. 434, pl. 69, figs. 7, 8), from the 
upper Barranquín Format�on of Venezuela, possesses cal�ces 
that are on average 2 mm �n d�ameter and spaced 0.5-1.0 
mm apart, and 12 septa hexamerally arrayed �n two cycles.  
Cyathophora parvula Wells, 1948 (p. 609-610, pl. 89, fig. 
1), from the Lower Cretaceous of Tr�n�dad, possesses cal�ces 
that are 1.0-1.5 mm �n d�ameter and spaced 0.2-0.5 mm apart, 
and two cycles of hexamerally arrayed septa.  Cyathophora 
micrommatos (Fel�x, 1891), from Neocom�an strata near 
Tehuacán, state of Puebla, also �s morpholog�cally d�st�nct 
from C. haysensis (see the follow�ng spec�es descr�pt�on).

Cyathophora haysensis also �s morpholog�cally s�m�-
lar to some other spec�es of Cyathophora descr�bed from the 
Lower Cretaceous of Europe, except that those from the lat-
ter reg�on possess only two cycles of septa �nstead of three: 
C. icaunensis (d’Orbigny, 1850a) (Hauterivian, France), with 
cal�ces 3-3.5 mm �n d�ameter; C. pygmaea Volz, 1903 (p. 
26-27, pl. 4, figs. 4-7) (Neocomian, Bukowina), with calices 

0.5-0.7 mm �n d�ameter; and C. regularis Fromentel, 1884 
(Hauter�v�an, France, Sw�tzerland), w�th cal�ces about 2.5 
mm �n d�ameter (Wells, 1944b, p. 434).  Cyathophora miya-
koensis (Eguch�, 1936), from the Lower Cretaceous of Japan 
and Europe, possesses cal�ces 0.7-1.5 mm �n d�ameter and one 
to two cycles of rud�mentary septa (Turnšek, 1997, p. 64).

Cyathophora micrommatos (Felix, 1891)
F�gure 12

Cryptocoenia micrommatos Felix, 1891, p. 154, pl. 24, figs. 
5, 5a, 5b; Löser, Bach, and Müller, 2002, p. 38.

Cyathophora micrommatos (Fel�x, 1891).  Wells, 1933, p. 90.
Pseudocoenia micrommatos (Fel�x, 1891).  Löser, 2006, p. 

20, figs. 2B-C.

Description.  Corallum colon�al, attached, ploco�d to 
subcer�o�d, �ncrust�ng to mass�ve to ramose, costate, and 
small to large �n s�ze, up to at least 15 cm �n d�ameter and 15 
cm �n he�ght.  Branches of ramose growth forms cyl�ndr�cal 
to lath-shaped.  Corall�tes d�st�nct, cyl�ndr�cal to pr�smat�c, 
and closely packed.  Colony format�on by �ntratentacular(?) 
budd�ng.  Cal�ces monocentr�c.  Cal�cular marg�ns generally 
subc�rcular �n outl�ne.  CD about 1.5 to 2.0 mm.  Depth of 
cal�ces about 1 mm.  Intercal�ce d�stance from 0.5 to 1 mm.

Septa weakly developed, weakly exsert, and lam�nar.  
Septa cont�nuous as septocostae at cal�cular marg�n.  Number 
of septa var�able; typ�cally e�ght, but as few as four or as 
many as 14.  Septa tetramerally arranged �n from one to 
three septal cycles, the last cycle typ�cally �ncomplete: four 
S1, four S2 and up to s�x S3.  S�ze relat�onsh�p among septa: 
S1>S2>S3.  Septa wedge-shaped �n cross sect�on, stra�ght, 
and vert�cally cont�nuous w�th�n cal�ce but apparently absent 
beneath calicular floor.  S1 and S2 very short, the�r length less 
than one-fourth the CD.  S3 weakly developed when present, 
and reduced to short, narrow r�dges.  Lateral surfaces of septa 
smooth.  Septal marg�ns smooth.  Pal� and columella absent.  
Corall�te ax�s hollow orally.

Wall apparently septothecal(?) and very th�n.  
Endothecal d�ssep�ments tabular, arched sl�ghtly convex 
upward, th�n, laterally cont�nuous w�th�n corall�te, and 
vert�cally spaced about three per mm.  Exothecal d�ssep�ments 
tabular to ves�cular.  Costae well-developed, structurally 
continuous with septa, but nonconfluent with those of 
adjacent corall�tes.
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F�gure 12.  Cyathophora micrommatos (Fel�x, 1891), IGM-7004, Cumbur�nd�o Format�on, lower Apt�an, western base of Loma de San Juan, Tur�tz�o, State 
of M�choacán, Mex�co.  1, Transverse th�n sect�on of uneven corallum surface, scale bar = 1 cm; 2, transverse sect�on taken near cal�cular marg�ns, deta�l of 
corall�tes, scale bar = 1 mm; 3, transverse sect�on, deta�l of corall�tes w�th tetrameral septal symmetry, same scale as F�gure 12.2; 4, transverse th�n sect�on 
taken below level of calicular floors, same scale as Figure 12.2; 5, longitudinal thin section, detail of adjacent corallites and walls, same scale as Figure 12.2; 
6, long�tud�nal th�n sect�on w�th rel�ct d�ssep�ments and parathecal wall zone, same scale as F�gure 12.2.
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Material examined.  One corallum, IGM-7004, with four 
th�n sect�ons (TZ-30 through TZ-33).  The spec�men cons�sts 
of branches of a large ramose corallum mostly enclosed �n 
arg�llaceous mudstone.  The corallum �s recrystall�zed and 
skeletal m�crostructure was not observed.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an.  
Coralla of th�s spec�es are common �n the lowermost exposed 
argillaceous mudstone beds at the base of the western flank 
of the Loma de San Juan, Tur�tz�o, M�choacán, Mex�co.  Th�s 
local�ty �s just west-northwest of the coral reef hor�zon at the 
crest of the same h�ll.  The coord�nates of the latter pos�t�on 
are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es was or�g�nally descr�bed (Fel�x, 1891) 
from mater�al collected from the Neocom�an strata near 
Tehuacán, state of Puebla, Mex�co.

Discussion.  The morpholog�cal character�st�cs of the 
mater�al exam�ned are nearly �dent�cal to those descr�bed for 
Cyathophora micrommatos.  The only notable except�on �s 
that the cal�ces descr�bed here�n are sl�ghtly larger �n d�ameter 
than the d�mens�ons g�ven �n the or�g�nal descr�pt�on.  Refer 
to the d�scuss�on sect�on g�ven for the preced�ng spec�es for 
add�t�onal comments on some of the other members of th�s 
genus.

Family Stylinidae d’Orbigny, 1851
Subfamily Stylininae d’Orbigny, 1851

Genus Stylina Lamarck, 1816

Type species.  Stylina echinulata Lamarck, 1816 (p. 221).

Discussion.  Several other genera have been cons�dered 
jun�or synonyms of Stylina, �nclud�ng: Fascicularia 
Lamarck, 1816; Branchastrea Bla�nv�lle, 1830; Gemmastrea 
Bla�nv�lle, 1834; Stylopora M’Coy, 1848; ?Adelocoenia, 
Conocoenia, ?Convexastrea, Cryptocoenia, ?Decacoenia, 
?Dendrocoenia, Lobocoenia, ?Tremacoenia d’Orbigny, 1849; 
Acanthocoenia d’Orbigny, 1850a; Pseudocoenia d’Orbigny, 

1850c; Platysmilia Toula, 1889; and Dendroseris Gregory, 
1929 (Wells, 1956, p. F376).

Stylina regularis Fromentel, 1862
F�gure 13

Stylina regularis Fromentel, 1862, p. 430; 1867, p. 514-
515, pl. 135, figs. 2, 2a; Morycowa, 1964, p. 34-36, 
pl. 10, fig. 7, pl. 15, fig. 3, pl. 19, figs. 1a, 1b, 2; 
Morycowa, 1971, p. 47-48, pl. 5, figs. 2a, 2b, text 
fig. 6d; turnšek and Buser, 1974, p. 93, 113, pl. 4, 
figs. 2, 3; Sikharulidze, 1977, p. 82-83, pl. 13, fig. 
4; S�kharul�dze, 1979, p. 303-304; Turnšek and 
Mihajlović, 1981, p. 15, pl. 8, figs. 4, 5; Morycowa, 
1984, p. 80-81, pl. 19, figs. 4-5; Scott and Aleman, 
1984, p. 1140-1141; ?Liao and Xia, 1985, p. 134, pl. 
3, fig. 3; turnšek, 1992, p. 165; ?Liao and Xia, 1994, 
p. 147, pl. 39, fig. 5; Baron-Szabo and Steuber, 1996, 
p. 6, pl. 1, figs. 3, 4; turnšek, 1997, p. 192, pl. 192, 
figs. a-e.

Description.  Corallum colon�al, attached, ploco�d, �ncrust�ng 
to mass�ve, �rregularly globular, noncostate, small �n s�ze, 
exam�ned spec�men about 65 x 40 mm �n w�dth and 65 mm 
�n he�ght.  Colony format�on by extratentacular budd�ng.  
Corall�tes generally cyl�ndr�cal but appear tympano�d 
orally, �rregularly d�str�buted over surface of corallum and 
densely to loosely packed.  Upper oral port�ons of corall�tes 
typ�cally weakly protuberant up to 1 mm above �ntercorall�te 
coenosteal surfaces.

Cal�ces d�st�nct, monocentr�c, the marg�ns c�rcular �n 
outl�ne.  CD sl�ghtly var�able, from 1.5 to 2.0 mm; depth 
of cal�ces typ�cally less than 1 mm.  Cal�ces pos�t�oned �n 
centers of protuberant oral port�ons of corall�tes.  Intercal�ce 
d�stance var�able from about 0.5 mm at po�nts of contact of 
adjacent corall�tes to about 2 mm between w�dely spaced 
corall�tes.

Septa well-developed, non-exsert, lam�nar and sol�d.  
Trabecular arch�tecture not preserved.  Septa typ�cally 24 �n 

F�gure 13.  Stylina regularis Fromentel, 1862, IGM-7005, lowest part of Cumbur�nd�o Format�on, lower Apt�an, near Las Eras, State of M�choacán, Mex�co.  
1, Deta�l of weathered oral surface of corallum, scale bar = 1 cm; 2, transverse th�n sect�on, corallum recrystall�zed, corall�tes w�th c�rcular cal�ces and 
polygonal outer marg�ns, same scale as F�gure 13.1; 3, long�tud�nal obl�que th�n sect�on, same scale as F�gure 13.1; 4, transverse th�n sect�on, deta�l of two 
corall�tes, scale bar = 1 mm; 5, long�tud�nal th�n sect�on, deta�l of d�ssep�ments and wall, same scale as F�gure 13.4; 6, transverse th�n sect�on, deta�l of septa, 
obl�que transverse v�ew, scale bar = 1 mm.
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number, rad�ally arrayed, hexamerally symmetr�cal, and �n-
serted �n three complete septal cycles.  S�ze relat�onsh�p among 
septa: S1>S2>S3.  Septa blade-shaped �n cross sect�on, stra�ght, 
and very th�n.  S1 extended from wall to per�meter of corall�te 
ax�s, but orally the �nner edges typ�cally th�cken and rema�n 
laterally free of the columella.  S1 th�ckest, about 0.1 mm �n 
w�dth.  S2 sl�ghtly shorter and th�nner than the S1, the�r length 
equal to about one-fourth the CD.  S3 typ�cally fully developed 
but much shorter and th�nner than the S2.  Length of S3 about 
half the length of the S2.  W�dth of �nterseptal spaces about 
equal to w�dth of adjacent septa of lower two cycles.  Lateral 
surfaces of septa uneven to coarsely granulated.  Septal mar-
g�ns typ�cally smooth and, at least orally, laterally free.

Columella well-developed, styl�form, sol�d, vert�cally 
cont�nuous, and lath-shaped.  Columella about 0.1 mm �n w�dth, 
0.25 mm �n length, and or�ented length parallel to the plane of 
two of the ax�ally opposed S1.  Septa of lower cycles commonly 
fused to columella deep �n aboral port�on of corall�te.

Wall well-developed, septothecal, dense and sol�d.  
Th�ckness of wall about 0.5 mm.  Endothecal d�ssep�ments 
tabular, th�n, typ�cally cont�nuous, and vert�cally spaced 
about 1 mm apart.

Protuberant oral port�ons of corall�tes often separated 
by orally concave coenosteal reg�ons.  Coenosteum appears 
sol�d, the outer surfaces commonly granular �n the orally 
concave areas between corall�tes and occas�onally fa�ntly 
str�ated near cal�ces.

Material examined.  The descr�pt�on �s based on a s�ngle 
corallum, IGM-7005, w�th two th�n sect�ons (TZ-34 and 
TZ-35).  External morphology �s fa�rly well-preserved, but 
�nternally the skeletal m�crostructure �s recrystall�zed.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; from 
near the v�llage of Las Eras, M�choacán.  The approx�mate 
coord�nates of th�s local�ty are: 18° 30.60’ N, 100° 59.0’ W.

Th�s spec�es, wh�ch has a fa�rly broad geograph�c 
d�str�but�on �n the Early Cretaceous (Berr�as�an - Apt�an), 
also has been reported from Poland (Barrem�an-Apt�an), 
Greece, France, Roman�a, Yugoslav�a (Barrem�an-Apt�an), 
Serb�a, Georg�a (lower Barrem�an), and (?)T�bet (Lower 
Cretaceous).

Discussion.  The morpholog�cal character�st�cs of the 
corallum descr�bed above are the same as those typ�cally 

attr�buted to Stylina regularis, therefore the spec�men �s 
referred to that spec�es.

Although several other prev�ously descr�bed spec�es 
of Stylina are known from the Cretaceous of the Amer�can 
continents, none of them appear to be conspecific with the 
present form.  Stylina tehuacanensis (Fel�x, 1891) from near 
Tehuacán �n the state of Puebla, Mex�co, or�g�nally descr�bed 
as a spec�es of Stylophora by Fel�x (1891, p. 161-162, pl. 22, 
figs. 2, 8, 8a) and subsequently reassigned to Stylina by Wells 
(1944b, p. 435), pr�mar�ly d�ffers by the smaller cal�ces and 
the number of septa (6).  Furthermore, a recent re-exam�nat�on 
of Fel�x’s type mater�al �nd�cated that S. tehuacanensis should 
be referred to the genus Polytremacis d’Orbigny, 1849 (Löser, 
2006, p. 53).  Stylina collinsi Gregory, 1899 (p. 460, fig. 3), 
from Neocom�an age l�mestone near the town of Guadalcazar, 
state of San Lu�s Potos�, Mex�co, has octamerally arrayed 
septa.  Stylina harrisoni (Gregory, 1929) from Tr�n�dad, or�g�-
nally descr�bed as the type spec�es of Dendroseris Gregory 
(1929, p. 66-68, pl. 8, figs. 1, 2, 3, 4a, 4b) but later reassigned 
to the genus Stylina (Wells, 1944b, p. 435) and redescr�bed 
(Wells, 1948, p. 610-611, pl. 89, figs. 2, 3, 4), possesses hex-
amerally arrayed septa, but d�ffers by the ramose growth form 
of the colony, the typ�cally smaller cal�ces, and the smaller 
number of septa (12).  Stylina sucrensis Wells, 1944b (p. 435-
436, pl. 70, fig. 1), from the Barranquín Formation of north-
eastern Venezuela and the Lower Cretaceous at San Pedro 
Yucunama, state of Oaxaca, Mexico (Reyeros, 1983, p. 17, 
pl. 4, fig. 1), primarily differs by the solid peritheca, and the 
number of septa (16) and the�r octameral or tetrameral ar-
rangement.  Wells (1944b, p. 436) also prov�ded a rev�ew of 
the other spec�es of Stylina wh�ch possess tetramerally or oc-
tamerally arranged septa.  The gener�c ass�gnment of Stylina 
vaughani Reyeros-Navarro, 1963 (p. 10-12, pl. 2, fig. 2), 
from near Tehuacán, state of Puebla, �s doubtful based on the 
original description and figures.  Stylina columbaris Scott and 
Aleman, 1984, from the Atocongo Format�on (Hauter�v�an-
Barrem�an) of Cerros Per�co, Peru, pr�mar�ly d�ffers from S. 
regularis by the sl�ghtly larger corall�tes (GCD range of 1.83 
to 2.43 mm) and the var�able number and arrangement of the 
septa.  The spec�es descr�bed as Cryptocoenia neocomiensis 
d’Orbigny, 1850a, by Felix (1891, p. 154) was later tentative-
ly reass�gned to the genus Stylina by Wells (1933, p. 90), but 
th�s determ�nat�on rema�ns quest�onable.

A few other spec�es attr�buted to Stylina resemble 
the form described herein, but the affinities between these 
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spec�es and S. regularis presently are uncerta�n.  Included 
here are several spec�es descr�bed by Eguch� (1951) from the 
Cretaceous of Japan.  Stylina? japonica Eguch�, 1951 (p. 46-
47, text figs. 2, 3, pl. 16, fig. 1), possesses calices that are about 
the same s�ze as those of S. regularis and has hexamerally 
arrayed septa also, but only two cycles are developed.  
Stylina nakasai eguchi, 1951 (p. 60, pl. 22, fig. 7), possesses 
three cycles of septa (24) that are hexamerally arrayed, but 
the cal�ces are smaller than those of S. regularis.  Eguch� 
(1951, p. 61) also briefly described, but did not illustrate, 
Stylina sp., a spec�es that possesses cal�ces that are about the 
same d�ameter as those of S. regularis and �n wh�ch three 
cycles of hexamerally arrayed septa are developed.  F�nally, 
S. higoensis eguchi, 1951 (p. 74, pl. 12, figs. 6, 7, 8, 9), 
possesses two cycles of hexamerally arrayed septa, although 
the number of costae (24) �nd�cate the poss�ble presence of 
a th�rd cycle of septa, but the cal�ces are much smaller than 
those of S. regularis, only 0.7-1.0 mm �n d�ameter.

Suborder Rh�p�dogyr�na Ron�ew�cz, 1976
Fam�ly Rh�p�dogyr�dae Koby, 1905

Genus Saltocyathus Morycowa and Masse, 1998

Type species.  Saltocyathus urgonensis Morycowa and 
Masse, 1998 (p. 734-735, figs. 7.1-7.5, 8).

Saltocyathus cumburindioensis new species
F�gure 14

Diagnosis.  Corallum relatively large in size, flabellate; 
cal�cular marg�n ell�pt�cal.  Septa numerous and relat�vely 
th�ck.  Tabular endothecal d�ssep�ments vert�cally spaced 
about 6 per 5 mm.

Description.  Corallum solitary, attached, conical to flabel-
late, costate, and relat�vely large �n s�ze, the largest spec�men 
about 40 x 75 mm �n d�ameter (CD) and 75 mm �n he�ght.

Corallite turbinate in lower portion and flabellate 
orally.  Base of corallum expanded �nto peduncle.  Cal�ce 
monocentr�c and laterally elongate, poss�bly d�centr�c(?).  
Cal�cular marg�n ell�pt�cal �n outl�ne.  Depth of cal�ce 
unknown, but most l�kely greater than 10 mm as determ�ned 
from exposed port�ons of h�ghly exsert septa.

Septa well-developed, robust, numerous, typ�cally 
h�ghly exsert, lam�nar, sol�d, and commonly secondar�ly(?) 

laterally th�ckened.  Septa est�mated to be 76 to 84 �n 
number based on counts of septa �n two halves of corall�tes, 
and even more numerous in laterally continuous, flabellate 
calices.  Septa hexamerally arrayed in five septal cycles, the 
first four complete, the fifth nearly fully developed.  Very 
small, weakly developed lonsdaleo�d septa also present.  S�ze 
relat�onsh�p among septa: S1≥S2>S3>S4>S5.  Septa generally 
stra�ght, wedge- or blade-shaped �n cross sect�on, w�dest at 
junct�on w�th wall and gradually smoothly tapered toward 
corall�te ax�s.  S1 up to 4 mm �n w�dth orally at junct�on 
w�th wall and extended three-fourths d�stance from wall to 
corall�te ax�s.  Upper port�ons of S1 exsert up to at least 8 
mm above cal�cular marg�n.  S2 nearly the same �n s�ze as 
the S1 only sl�ghtly th�nner and less exsert.  S3 nearly as 
th�ck as the S2, but much less exsert and unequal �n length, 
generally extended about half the d�stance from the wall 
to the ax�s, but those nearer to the ax�al plane of the GCD 
typ�cally longer than those nearer to the ax�al plane of the 
LCD.  S4 about 1-2 mm �n w�dth at junct�on w�th wall and 
about 5-11 mm �n length, the�r lengths unequally developed 
w�th respect to pos�t�on along cal�cular marg�n relat�ve to 
GCD and LCD, s�m�lar to those of preced�ng cycle.  S5 
about 1 mm �n w�dth at junct�on w�th wall and usually 1-3 
mm shorter than laterally adjacent parental S4.  Interseptal 
spaces cons�stently about 1 mm �n w�dth near to cal�cular 
marg�n and typ�cally w�der ax�ally due to shape and lengths 
of septa.  Lateral surfaces of septa generally smooth.  Septal 
marg�ns smooth, the�r upper edges h�ghly arched orally, 
laterally free, and gently �ncl�ned toward corall�te ax�s.  Inner 
port�ons of septal marg�ns fused by abundant d�ssep�ments 
deep �n ax�al reg�on of cal�ce.

Columella absent, ax�al reg�on of cal�ce deep and 
hollow orally and occup�ed by fus�on of �nner septal marg�ns 
and endothecal d�ssep�ments aborally.

Wall well-developed, pr�mar�ly parathecal, poss�bly 
occas�onally �nterm�ttently secondar�ly ep�thecal(?).  
Endothecal d�ssep�ments well-developed, tabular, abundant, 
th�n, mostly laterally cont�nuous, �ncl�ned toward ax�s of 
corallum ax�ally and arched convex orally �n per�pheral 
reg�on.  Endothecal d�ssep�ments vert�cally spaced 0.5-
3.0 mm apart, or on average 6 per 5 mm.  Outer surface of 
corallum generally smooth but broadly uneven or undulated.

Etymology.  The spec�es S. cumburindioensis n. sp. �s named 
for the format�on �n wh�ch the samples were found, the 



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr36



CRetACeOUS CORALS FROM tHe HUetAMO ReGION, MICHOACAN AND GUeRReRO StAteS 37

Cumbur�nd�o Format�on, wh�ch �s �nd�cated by the add�t�on 
of the Latin suffix -ensis = place.

Types.  Two spec�mens: one fa�rly well-preserved, holotype 
IGM-7006, but the cal�ce �s not exposed; and paratype IGM-
7007, a small, weathered fragment, w�th two th�n sect�ons 
(TZ-49 and TZ-50).  An �ndeterm�nate form of hydnophoro�d 
coral ep�b�ont �s present on the lateral aboral area and cal�cular 
center of the holotype.

The type stratum �s the Cumbur�nd�o Format�on, 
lower Apt�an.  The type local�ty �s the Loma de San Juan, 
just south of Tur�tz�o, M�choacán, Mex�co.  The approx�mate 
coord�nates of the type local�ty, as determ�ned from the 
Mex�can 1:50,000 scale Huetamo (E14A64) topograph�c 
map, are: 18° 31.28’ N, 100° 56.65’ W.

Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The spec�mens 
were found on the upper slopes of the Loma de San Juan.  
The only other reported occurrence of th�s genus �s from the 
lower Apt�an of France.

Discussion.  The spec�es descr�bed above pr�mar�ly d�ffers 
from the type spec�es, Saltocyathus urgonensis Morycowa 
and Masse, 1998 (p. 734-735, figs. 7.1-7.5, 8), by the relatively 
larger s�ze of the corallum, the laterally elongate cal�ce, and 
the more numerous septa.  The laterally elongate cal�ce of 
the s�ngle complete corallum �s �nterpreted as a feature of the 
spec�es.  Alternat�vely, the elongat�on of the cal�ce may be 
due to �nc�p�ent �ntratentacular d�v�s�on.

Th�s spec�es actually may be more abundant �n the 
Cumbur�nd�o Format�on than presently recogn�zed: weathered 
lateral surfaces of the descr�bed mater�al and the s�ze of the 
specimens superficially resemble those same characteristics 
of some rud�st spec�es that occur �n th�s format�on.

Fam�ly Trocho�domeandr�dae Turnšek, 1981
Genus Rhipidomeandra Morycowa and Masse, 1998

Type species.  Rhipidomeandra bugrovae Morycowa and 
Masse, 1998 (p. 735-736, figs. 9, 10.6-10.7, 11).

Rhipidomeandra bugrovae Morycowa and Masse, 1998
F�gure 15

Rhipidomeandra bugrovae Morycowa and Masse, 1998, p. 
735-736, figs. 9.1a, b, 9.2a, b, 9.3, 10.6, 10.7, 11.

Description.  Corallum colon�al, attached, meandro�d, 
mass�ve, hem�spher�cal, noncostate, large �n s�ze, at least 24 
x 26 cm �n w�dth and 13 cm �n he�ght.  Colony format�on by 
�ncomplete �ntratentacular polystomodaeal budd�ng.

Corallites flabelliform and typically linearly arrayed 
within series.  Series well-defined by walls, discontinuous, 
narrow but laterally elongate, stra�ght, curved or s�nuous, and 
frequently b�furcated or tr�furcated by �ntratentacular budd�ng.  
W�dth (LCD) of ser�es ranges from 1 to 3 mm, sl�ghtly w�der 
at areas of �nc�p�ent budd�ng, but most commonly about 2 
mm.  Length (GCD) of ser�es ranges from a few mm to at 
least 10 cm.  Coll�nes well-developed, cont�nuous, those of 
adjacent ser�es d�rectly connected to each other.  Comb�ned 
w�dth of two fused coll�nes approx�mately equal to w�dth of 
ser�es or sl�ghtly w�der, 2 to 3 mm.  Ambulacrum absent.

Cal�ces monocentr�c to polycentr�c, oppos�te marg�ns 
typ�cally parallel to each other and frequently �nterrupted by 
budd�ng of daughter corall�tes.

Septa well-developed, weakly exsert, lam�nar, sol�d, 
relat�vely th�ck.  Trabecular arch�tecture not preserved.  Septa 
or�ented perpend�cular to ser�es walls, generally b�laterally 
symmetr�cal across ax�al plane of ser�es and rad�ally 
arrayed at ends of ser�es; hexameral symmetry not apparent.  
D�fferent s�zes of septa �nd�cate the presence of at least two 
and often three cycles of septa.  S�ze relat�onsh�p among 
septa: S1≥S2>S3.  S1 commonly lath-, �nverted wedge- or 
club-shaped, rarely blade-shaped, �n cross sect�on, relat�vely 
th�ck, about 0.2-0.4 mm �n w�dth, and frequently not�ceably 
th�ckened at �nner marg�n.  S2 usually blade- or lath-shaped 
�n cross sect�on and var�able �n s�ze, but generally sl�ghtly 
th�nner and shorter than the adjacent S1.  S1 and some S2 
extended laterally from wall to per�meter of ax�al plane of 
ser�es, but typ�cally they do not penetrate the ax�al plane 
�tself.  S3 frequently developed laterally to the S2 only very 
much smaller �n s�ze, the�r w�dth and length less than half 

F�gure 14.  Saltocyathus cumburindioensis n. sp., Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, Mex�co.  1 and  2, 
IGM-7006, lateral and oral v�ews of corallum, respect�vely, scale bar = 1 cm; 3, IGM-7007, obl�que long�tud�nal th�n sect�on, edges of septa and tabular d�ssep�-
ments, scale bar = 1 cm; 4, same corallum, transverse th�n sect�on, same scale as F�gure 14.3; 5, obl�que long�tud�nal th�n sect�on, deta�l of septa and d�ssep�-
ments, scale bar = 1 mm; 6, transverse th�n sect�on, deta�l of recrystall�zed septa, d�ssep�ments, and small lonsdaleo�d(?) septa, same scale as F�gure 14.5.
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those d�mens�ons for the S2.  Some S3 occas�onally exh�b�t a 
per�pheral lonsdaleo�d appearance.  Typ�cally about 12 to 14 
septa occur along 5 mm of wall.  Interseptal spaces var�able 
�n w�dth, about 0.25 mm, or approx�mately equal to w�dth 
of pr�mary septa.  Lateral surfaces of septa of lower cycles 
ornamented w�th low r�dges or car�nae and appear undulated; 
car�nae cons�stently vert�cally spaced about 1 mm apart.  
Septal marg�ns typ�cally smooth, the �nner edges laterally 
free.  Inner edges of S1 adjacent to ser�es ax�s commonly much 
w�der than the per�pheral port�ons of the same septum.

Columella apparently absent orally but poss�bly rarely 
present as a weakly developed, vert�cally and laterally 
d�scont�nuous lam�nar structure deeper w�th�n ax�s of 
ser�es.  Ax�al plane of ser�es typ�cally occup�ed by a narrow, 
cont�nuous, hollow vo�d approx�mately 0.2 mm �n w�dth, or 
about one-tenth of the d�mens�on of lesser CD.

Wall well-developed around ser�es, formed by two 
d�st�nctly d�fferent structural zones, pr�mar�ly septothecal and 
secondar�ly parathecal.  Innermost layer of wall septothecal 
and relatively thin, about 0.25 mm in width.  Outermost layer 
of wall robustly parathecal and relat�vely th�ck, about 1-1.5 
mm �n w�dth.  Parathecal d�ssep�ments ves�cular, �ncl�ned 
toward ser�es ax�s at about 45 degrees, arched convex oral-
ax�ally, and cons�stently vert�cally spaced about 1 mm apart.  
Comb�ned w�dth of two fused walls of laterally adjacent ser�es 
about 3 mm.  Endothecal d�ssep�ments somet�mes present but 
weakly developed, th�n and laterally d�scont�nuous.

Material examined.  One specimen, IGM-7008, with two 
th�n sect�ons (TZ-01 and TZ-02).  The corallum �s the largest 
colony yet found �n the coral reef hor�zon of the Cumbur�nd�o 
Format�on at the Loma de San Juan, Tur�tz�o.  Most of 
the corallum �s coarsely recrystall�zed calc�te; skeletal 
morphology �s preserved only �n small, �solated reg�ons 
sparsely scattered throughout the colony.

The oral surface of the corallum exh�b�ts ev�dence of 
several k�nds of ep�b�onts �nclud�ng: the cyl�ndr�cal traces of a 
commensal serpul�d annel�d entrenched along ser�es axes; and 
preserved port�ons of other spec�es of corals, a thamnastero�d 
form and an �ndeterm�nate spec�es of Cyathophora.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

The only other reported occurrences of th�s spec�es 
are from the upper Barrem�an and lower Apt�an of southern 
France and the upper Barrem�an of southwest Turkmen�stan 
(Morycowa and Masse, 1998).

Discussion.  The morpholog�c deta�ls of the Mex�can 
spec�men descr�bed above are the same as those descr�bed 
for Rhipidomeandra bugrovae Morycowa and Masse, 1998, 
therefore the corallum �s referred to that spec�es.

Th�s spec�es was or�g�nally descr�bed from the upper 
Barrem�an and lower Apt�an of southern France and the 
upper Barrem�an of southwest Turkmen�stan (Morycowa and 
Masse, 1998).  The Mex�can spec�men descr�bed above �s the 
only other reported occurrence of th�s spec�es.  Th�s spec�es 
has the largest corallum yet found �n the coral reef hor�zon 
of the Cumbur�nd�o Format�on at the top of the Loma de San 
Juan, Tur�tz�o.

Suborder Fav��na Vaughan and Wells, 1943
Fam�ly Isastrae�dae Allo�teau, 1952

Genus Isastrea M�lne Edwards and Ha�me, 1851

Type species.  Astrea helianthoides Goldfuss, 1826 (p. 65, 
pl. 22, fig. 4a).

Isastrea whitneyi Wells, 1932
F�gure 16

Isastrea whitneyi Wells, 1932, p. 245, pl. 39, figs. 4, 5; 
eguchi, 1933, p. 122; Wells, 1946, p. 3-4, pl. 2, figs. 
1-3; Allison, 1955, p. 408; von der Osten, 1957a, 
p. 697; 1957b, p. 573, 576, pl. 63, fig. 10; ?Scott, 
1984a, p. 341-342, pl. 2, fig. 14.

Description.  Corallum colon�al, attached, cer�o�d, �ncrust�ng 
to mass�ve, septocostate, and small to med�um �n s�ze, the 

F�gure 15.  Rhipidomeandra bugrovae Masse and Morycowa, 1988, IGM-7008, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of 
M�choacán, Mex�co.  1, Port�on of the oral surface, scale bar = 1 cm; 2, deta�l of oral surface, scale bar = 1 cm; 3, oral surface w�th deeply weathered walls, 
same scale as F�gure 15.2; 4, transverse th�n sect�on, same scale as F�gure 15.2; 5, transverse th�n sect�on, deta�l of ser�es w�th a few lonsdaleo�d septa, scale 
bar = 1 mm; 6, same sect�on, deta�l of septa and d�ssep�ments, scale bar = 1 mm; 7, long�tud�nal th�n sect�on, same scale as F�gure 15.5; 8, same sect�on, 
deta�l of d�ssep�ments and wall of two adjacent ser�es, same scale as F�gure 15.6.
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exam�ned spec�men about 80 mm �n d�ameter and 50 mm 
�n he�ght.  Colony format�on by �ntratentacular d�stomodaeal 
budd�ng w�th temporary lamellar l�nkages.  Corall�tes 
pr�smat�c, closely packed, axes or�ented perpend�cular to 
corallum surface.  Cal�ces d�st�nct, permanent cond�t�on 
monocentr�c.  Cal�cular marg�ns polygonal �n outl�ne, usually 
five or six sided.  CD typically ranges from 3 to 6 mm; depth 
of cal�ce 1-2 mm.  Cal�cular centers spaced 5-6 mm apart.

Septa well-developed, weakly �nsert, lam�nar, 
w�th sparsely d�str�buted perforat�ons.  Septa structurally 
cont�nuous as weakly exsert septocostae at cal�cular marg�n.  
Septa from 42 to 68 �n number, rad�ally arrayed w�th a 
generally hexameral symmetry, �n at least four complete 
cycles w�th a number of S5 usually present also.  S�ze 
relat�onsh�p of septa: S1≥S2>S3>S4>S5.  Septa blade-shaped �n 
cross-sect�on and stra�ght or curved.  Septa th�n, the S1 about 
0.25 mm th�ck, those of each success�vely h�gher cycle only 
sl�ghtly narrower than those of the prev�ous cycle.  Lengths 
of S1 and S2 often nearly the same and equal to about four-
fifths distance from wall to corallite axis.  First two cycles of 
septa extended �nto and fused w�th columella.  Lengths of S3 
var�able from only sl�ghtly shorter than S2 to about one-half 
length of S2; a few longer S3 also extended �nto and fused 
w�th columella.  Lengths of S4 about one-fourth length of 
S1.  S5 very short, about half length of S4.  Lateral surfaces of 
septa ornamented w�th coarse, scattered granulat�ons, some 
developed �nto somewhat cont�nuous car�nae.  Septal marg�ns 
appear beaded or dentate, a result of d�stal term�nat�ons of 
septal trabeculae.  Small pal�form-l�ke structures present 
adjacent to columella.

Columella trabecular, spong�ose, vert�cally cont�nuous, 
orally papillose, width about one-fifth of CD; structurally 
contr�buted to by lateral trabecular extens�ons from �nner 
marg�ns of S1, S2 and some of S3.

Wall septothecal, secondar�ly parathecal, typ�cally 
well-developed but somet�mes weakly developed or absent.  
Endothecal d�ssep�ments th�n, tabular, d�scont�nuous, most 

abundant near corall�te wall, and vert�cally spaced 5-6 per 
mm.

Costae d�st�nct, r�dge-l�ke, w�th sharp upper edges.  
Costae structurally cont�nuous w�th septa, but sl�ghtly 
thicker, and laterally spaced 3-4 per mm.  Costae confluent 
or nonconfluent with those of adjacent corallites.  

Material examined.  One corallum, IGM-7009, with four 
th�n sect�ons (TZ-06 through TZ-09).  The spec�men �s mostly 
recrystallized and silicified; only a few regions within the 
corallum exh�b�t preserved rel�cs of the skeletal arch�tecture.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an.  
Spec�mens are from the western slope of the Loma de San 
Juan, just south of Tur�tz�o, and the western slopes adjacent 
to the Arroyo Los Hornos, just west of the Tur�tz�o cemetery, 
M�choacán, Mex�co.  The approx�mate coord�nates for these 
two local�t�es are: 18° 31.28’ N, 100° 56.65’ W; and 18° 
32.10’ N, 100° 56.74’ W, respect�vely.

Th�s spec�es was or�g�nally descr�bed from the lower 
Alb�an lower Glen Rose of Comal, Blanco and Hays 
count�es, Texas.  A s�ngle spec�men wh�ch may be referable 
to th�s spec�es has been reported from the Lower Cretaceous 
Knowles L�mestone �n the subsurface of Texas (Scott, 
1984a).  The Knowles L�mestone was or�g�nally descr�bed 
as a Jurass�c un�t (Mann and Thomas, 1964), but the age was 
later determ�ned to be Lower Cretaceous (Cregg and Ahr, 
1984; Finneran et al., 1984), specifically upper Berriasian-
Valanginian (Scott, 1984a).  Other reported occurrences of 
th�s spec�es �n Mex�co are from: the Apt�an lower Cuch�llo 
Format�on of the S�erra de Acat�ta, and the (?)lower Alb�an 
upper Cuch�llo Format�on �n the outl�er of the S�erra del 
Venado, state of Coahu�la, Mex�co; and the Apt�an-m�ddle 
Alb�an Al�s�tos Format�on at Punta Ch�na, northwestern Baja 
Cal�forn�a, Mex�co.  Th�s spec�es also has been reported 
from the Barrem�an Taguarumo Member of the Barranquín 
Format�on �n eastern Venezuela.

F�gure 16.  Isastrea whitneyi Wells, 1932, IGM-7009, Cumbur�nd�o Format�on, lower Apt�an, western slope of the Loma de San Juan, Tur�tz�o, State of 
Michoacán, Mexico.  1, transverse thin section, material mostly recrystallized and silicified, intratentacular buds developed on some of the corallites, scale 
bar = 1 cm; 2, obl�que long�tud�nal th�n sect�on, same scale as F�gure 16.1; 3, transverse th�n sect�on, deta�l of corall�te w�th small �ntratentacular bud, scale 
bar = 1 mm; 4, obl�que long�tud�nal th�n sect�on of upper part of corall�te, same scale as F�gure 16.3; 5, transverse th�n sect�on of two corall�tes, wall zone 
weakly developed, septocostae confluent between calicular centers, same scale as Figure 16.3; 6, longitudinal thin section of two corallites, wall structure 
part�ally preserved, same scale as F�gure 16.3; 7, transverse th�n sect�on, deta�l of septocostae, scale bar = 1 mm; 8, long�tud�nal th�n sect�on, deta�l of wall 
structure, central septothecal zone and adjacent parathecal zones, the latter well-preserved on one s�de of the septotheca and fa�ntly d�scern�ble on the other, 
same scale as F�gure 16.7.



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr42

Discussion.  The morpholog�cal character�st�cs of the 
corallum descr�bed above are the same as those typ�cally 
attr�buted to Isastrea whitneyi, therefore the spec�men �s 
referred to that spec�es.  Another member of th�s genus, I. 
neocomiensis Fromentel, 1857, recently has been reported 
from the Lower Cretaceous (upper Barrem�an-lower Apt�an) 
Cerro de Oro Formation in the state of Sonora, Mexico 
(Baron-Szabo and González-León, 1999, p. 476, fig. 3c), but 
that spec�es possesses corall�tes wh�ch appear to be larger �n 
d�ameter than those of the spec�es descr�bed above.

Suborder Astreo�na Allo�teau, 1952
Fam�ly Fav��dae Gregory, 1900

Discussion.  The fam�ly Fav��dae Gregory, 1900, formerly 
placed w�th�n the suborder Fav��na Vaughan and Wells, 1943 
(Turnšek, 1997, p. 34), most recently has been cons�dered to 
belong to the suborder Astreo�na Allo�teau, 1952 (Morycowa, 
1997).

Genus Eohydnophora Yabe and Eguch�, 1936

Type species.  Eohydnophora tosaensis Yabe and Eguch�, 
1936 (p. 142-143, figs. 1-3).

Eohydnophora ovalis Masse and Morycowa, 1994
F�gure 17

Eohydnophora ovalis Masse and Morycowa, 1994, p. 440, 
442, pl. 2, figs. 1a-c, 2a-c, text figs. 4a-d; Baron-
Szabo, 1997, p. 38, pl. 3, figs. 1, 3

Description.  Corallum colon�al, attached, hydnophoro�d, 
mass�ve to ramose, and var�able �n s�ze: fragments of ramose 
coralla up to 30 x 65 mm �n w�dth and 75 mm �n he�ght 
(IGM-7012), fragments of mass�ve coralla as large as 80 x 
90 mm �n w�dth and 60 mm �n he�ght (IGM-7013).  Corall�tes 
interconnected, valleys confluent, narrow and laterally 
elongate; walls d�scont�nuous.

Series (calices) continuous, confluent, narrow and deep, 
about 0.5 mm �n w�dth and 1.5-2.0 mm �n depth, w�th nearly 
vert�cal to steeply �ncl�ned s�des.  Coll�nes d�scont�nuous, 
protuberant; shape var�able from rounded con�cal or nearly 
cyl�ndr�cal to �rregularly aster�form or laterally elongate and 
r�dge-l�ke.  Coll�nes typ�cally about 2.0-2.5 mm �n w�dth, 
occas�onally up to 6 mm �n length, and 1.5-2.0 mm �n he�ght.  
Collines generally broadly conical to slightly flattened, 
and ornamented w�th septocostae.  Colony format�on by 
c�rcummural polystomodaeal �ntratentacular (hydnophoro�d) 
budding.  Calices confluent, polycentric, the dimensions the 
same as those g�ven for the ser�es.

Septa well-developed, weakly exsert per�pherally onto 
coll�nes as septocostae, lam�nar and sol�d.  Septa arrayed 
perpend�cular to ser�es and rad�ally from coll�nes, symmetry 
w�th�n ser�es not apparent.  Septa numerous, typ�cally onto-
genet�cally d�morph�c or �n two cycles, and arranged �n an 
alternat�ng pattern on the s�des of coll�nes.  S3 uncommon, 
usually absent, but occas�onally weakly developed and very 
deep �n cal�ce, �n pa�rs, one on each s�de of one of the S2.  
S�ze relat�onsh�p of septa: S1>S2>S3.  Septa blade-shaped �n 
cross sect�on, stra�ght, and laterally spaced about 3-4 per 2 
mm.  S1 th�ckened toward ax�al plane of ser�es, about 0.3 
mm �n w�dth, and very short, typ�cally less than 0.5 mm �n 
length, and spaced about 0.5 mm apart.  S2 tapered toward 
ax�al plane and about half the s�ze of the S1.  S3, when pres-
ent, about half the s�ze of the S2.  Lateral surfaces of septa 
smooth.  Septal marg�ns smooth, the �nner edges nearly vert�-
cal.  Pal� absent.

Columella ent�rely absent or (?)poorly developed, 
lamellar, sol�d, th�n, deep �n cal�ce and laterally 
d�scont�nuous.

Wall pr�mar�ly septothecal, th�n, about 0.15-0.4 mm 
�n w�dth, and both laterally and vert�cally cont�nuous around 
coll�nes.  Endothecal d�ssep�ments tabular to ves�cular, th�n 
and �rregularly spaced, 3-4 per mm.  Exothecal d�ssep�ments 
w�th�n coll�nes ves�cular, arched orally, and s�m�larly spaced.

Costae well-developed, d�st�nct, arrayed rad�ally from 
coll�nes and structurally cont�nuous w�th septa.  Costae 

F�gure 17.  Eohydnophora ovalis Masse and Morycowa, 1994, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mex�co.  1, IGM-7010, lateral v�ew of small fragment of ramose corallum, scale bar = 1 cm; 2, deta�l of oral surface of same spec�men, scale bar = 1 cm; 
3, IGM-7011, a small massive corallum, transverse thin section, mostly recrystallized and silicified, same scale as Figure 17.2; 4, longitudinal thin section, 
mostly recrystallized and silicified, same scale as Figure 17.2; 5, transverse thin section, detail of one colline with nine septa, scale bar = 1 mm; 6, longitu-
d�nal th�n sect�on, deta�l of tabular and ves�cular d�ssep�ments, same scale as F�gure 17.5; 7, transverse th�n sect�on, deta�l of septum and adjacent wall, scale 
bar = 1 mm; 8, long�tud�nal th�n sect�on, deta�l of tabular d�ssep�ments, same scale as F�gure 17.7.
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approx�mately equal to septa �n th�ckness, but tapered d�stally 
toward coll�ne centers.  S�ze relat�onsh�p of costae: C1>C2.  
Intercostal furrows w�dest along upper and outer per�meter 
of coll�nes and gradually tapered toward center of coll�ne.  
Costae of adjacent corallites generally not confluent.

Material examined.  Four spec�mens from the Loma de San 
Juan, Tur�tz�o: IGM-7010, a small fragment of a ramose or 
foliaceous corallum (figured); IGM-7011, a small massive 
corallum w�th three th�n sect�ons (TZ-19 through TZ-21); 
IGM-7012, a larger fragment of a ramose corallum; and 
IGM-7013, a fragment of a mass�ve corallum. 

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es was or�g�nally descr�bed from the lower 
Apt�an of Monts de Vaucluse (Rustrel) and the chaînon 
(secondary range) of La Fare, France.  The spec�es recently 
has been reported from the lower Apt�an of the eastern Alps.

Discussion.  The morpholog�cal deta�ls of the spec�mens 
descr�bed above are the same as those descr�bed for 
Eohydnophora ovalis, therefore the Mex�can mater�al �s 
referred to that spec�es.

The only other s�m�lar spec�es prev�ously reported from 
North Amer�ca �s Hydnophora (?) blancoensis Wells, 1932 
(p. 243, pl. 35, fig. 7), from the lower Glen Rose outcrops 
along the Blanco R�ver �n Hays County, Texas.  The external 
morpholog�cal features of H. blancoensis appear to be about 
the same as those of the Mex�can spec�mens descr�bed above; 
however, the s�ngle type spec�men �s badly weathered and 
arch�tecture of the skeletal structure �s unknown.

Several other spec�es descr�bed from the Lower 
Cretaceous of Europe also are s�m�lar to the Mex�can mater�-
al.  Hydnophora ackermanni Zlatarsk�, 1972, from the Apt�an 
of Bulgar�a, appears to be externally s�m�lar to the Mex�can 
spec�mens, but the Mex�can coralla possess larger coll�nes.  

Eohydnophora incerta (Morycowa, 1971), from the Apt�an of 
Roman�a (Turnšek, 1997, p. 85), has coll�nes wh�ch are rela-
t�vely more compact and narrower than those of the Mex�can 
spec�mens.  Eohydnophora picteti (Koby, 1897), pr�mar�ly 
known from the Lower Cretaceous of Europe and Japan, pos-
sesses relat�vely w�der ser�es and longer coll�nes (Turnšek, 
1997. p. 86).  Eohydnophora crassa (Fromentel, 1862), from 
the Barrem�an-Apt�an of Europe, also pr�mar�ly d�ffers from 
the Mex�can spec�mens by the relat�vely longer and more 
w�dely spaced coll�nes (Masse and Morycowa, 1994).

Genus Eugyra Fromentel, 1857

Type species.  Eugyra cotteaui Fromentel, 1857 (p. 30-31, 
pl. 3, figs. 4-5).

Discussion.  On the basis of trabecular architecture and 
septal ornamentat�on, Morycowa (1997) transferred the ge-
nus Eugyra Fromentel, 1857, from the fam�ly Styl�n�dae 
d’Orbigny, 1851 (suborder Stylinina Alloiteau, 1952) to the 
fam�ly Fav��dae Gregory, 1900 (suborder Astreo�na Allo�teau, 
1952).

The genus Eugyra Fromentel, 1857, �s macroscop�cal-
ly homeomorph�c w�th Myriophyllia d’Orbigny, 1849, and 
Pseudomyriophyllia Morycowa, 1971.  In fact, Eugyra prev�-
ously was cons�dered to be a jun�or synonym of Myriophyllia 
d’Orbigny, 1849, by some authors (Vaughan and Wells, 1943, 
p. 112; Wells, 1956, p. F376, and others).  The presence of 
a rud�mentary columella �n the type spec�men of E. cotteaui 
recently was recogn�zed dur�ng redescr�pt�on of the type spe-
c�es (Morycowa, 1997), but prev�ously the genus typ�cally 
was at least �n part d�agnosed by the lack of a columella.  
Recent exam�nat�on (Morycowa, 1997) of some of the es-
sent�al d�agnost�c features of these three genera suggests that 
the precise taxonomic affinities of many of the species which 
have been ass�gned to th�s group need to be re-evaluated.

Eugyra lanckoronensis (Morycowa, 1964)
F�gure 18

F�gure 18.  Eugyra lanckoronensis (Morycowa, 1964), Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, Mex�co.  
1, IGM-7015, deta�l of weathered upper surface of corallum, scale bar = 1 cm; 2, IGM-7014, transverse th�n sect�on, same scale as F�gure 18.1; 3, same 
corallum, pr�mar�ly long�tud�nal th�n sect�on, but sl�ghtly obl�que along r�ght marg�n, same scale as F�gure 18.1; 4, deta�l of transverse th�n sect�on, scale 
bar = 1 mm; 5, deta�l of long�tud�nal th�n sect�on, same scale as F�gure 18.4; 6, same corallum, obl�que long�tud�nal sect�on, same scale as F�gure 18.4; 7, 
long�tud�nal th�n sect�on, deta�l of d�ssep�ments, scale bar = 1 mm; 8, transverse th�n sect�on of septa, same scale as F�gure 18.7.
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Myriophyllia lanckoronensis Morycowa, 1964, p. 50-51, pl. 
9, figs. 3a-b, pl. 10, figs. 2, 3, text fig. 6; Morycowa 
and Lefeld, 1966, p. 525-526, pl. 32, figs. 1, 2.

Eugyra lanckoronensis (Morycowa, 1964).  Morycowa, 1971, 
p. 58-60, pl. 9, fig. 1, text figs. 16, 17a; turnšek and 
Buser, 1976, p. 49, 75, pl. 3, figs. 1-4; Kuzmicheva, 
1980, p. 94-95, pl. 35, figs. 1a, b; turnšek and 
Mihajlović, 1981, p. 18, pl. 12, figs. 1-3; Morycowa, 
1984, p. 82, pl. 21, fig. 4; Kuzmicheva, 1987, p. 224-
225, pl. 1, fig. 5a, b; Kuzmicheva, 1988, p. 157-158, 
pl. 2, figs. 1a, b; Morycowa, 1989, p. 63, pl. 22, fig. 4; 
?He and Xiao, 1990, p. 150, pl. 17, fig. 13; turnšek, 
1992, p. 164; Baron-Szabo and Steuber, 1996, p. 9, 
pl. 3, figs. 1, 2; Baron-Szabo, 1997, p. 50, pl. 4, fig. 
5; Baron-Szabo and Fernández-Mend�ola, 1997, p. 
45, figs. 4c, e; turnšek, 1997, p. 91, pl. 91, figs. a-f; 
Morycowa and Masse, 1998, p. 755, fig. 18.3

.
Description.  Corallum colon�al, attached, meandro�d, �ncrust-
�ng to mass�ve, hem�spher�cal, and weakly costate.  Colony 
format�on by polystomodaeal �ntratentacular budd�ng.

Corallites confluent and closely packed.  Series 
cont�nuous, narrow, the lesser CD typ�cally from 1.0 to 1.6 
mm, most commonly about 1.5 mm, and up to 2.4 mm �n 
some part�ally monocentr�c cal�ces.  Ser�es up to at least 15 
mm �n length and about 1 mm �n depth.  Cal�ces typ�cally 
polycentr�c w�th�n ser�es, the�r marg�ns commonly elongate 
and parallel or subparallel to each other.  Coll�nes typ�cally 
laterally d�scont�nuous, b�furcated, occas�onally con�cal 
but more typ�cally elongate and narrow or r�dge-l�ke w�th 
steep s�des and sharp crests, and gently curved to s�nuous 
�n oral v�ew.  Coll�nes range from 1 to at least 15 mm �n 
length and about 0.5 mm �n w�dth.  Each coll�ne composed 
of the laterally expanded d�stal edges of septa from mutually 
adjacent ser�es.  Ambulacrum absent.

Septa well-developed, weakly exsert per�pherally, 
lam�nar and sol�d.  Septa numerous, generally or�ented 
perpend�cular to both wall and ax�al plane of ser�es and 
arranged offset or alternate to those of the adjacent ser�es.  
Septa somewhat b�laterally symmetr�cal w�th�n ser�es; 
hexameral symmetry not apparent.  Cycles of septa poorly 
defined, but different sizes of septa indicate the presence of 
two cycles, and perhaps occas�onally part of a th�rd cycle: 
S1≥S2>>?S3.  Septa 12-15 �n number along 5 mm of coll�ne 
summ�t.  S1 wedge- to blade-shaped �n cross sect�on, usually 

stra�ght, about 0.25 mm �n w�dth and from two-th�rds to 
sl�ghtly greater than the d�stance from the wall to the ser�es 
axial plane in length.  Four to five S1 per 2 mm along coll�nes.  
S2 somet�mes present between the S1 and h�ghly var�able �n 
s�ze, typ�cally nearly the s�ze of the S1 but somet�mes very 
short, less than one-fourth the s�ze of the S1.  Alternat�vely, 
some of the smaller septa may be a port�on of the S3.  Lateral 
surfaces of septa smooth or occas�onally sl�ghtly uneven 
or granulated.  Septal marg�ns appear smooth.  Interseptal 
spaces about equal to w�dth of septa.  Pal� absent.  Columella 
uncommon, weakly developed, lamellar, or ent�rely absent; 
hollow ax�al reg�ons often penetrated by �nner edges of 
pr�mary septa.

Wall well-developed, septothecate, about 0.5 mm 
th�ck, and composed of comb�ned fus�on of alternat�ng 
septa from two laterally adjacent ser�es �nto a s�ngle shared 
thecal structure.  Endothecal d�ssep�ments tabular, laterally 
cont�nuous, th�n, vert�cally spaced about 0.5 mm apart or 
about 4-5 per 2 per mm.  Dissepiments appear nearly flat to 
concave upward between septa but sl�ghtly arched convex 
upward w�th�n �nd�v�dual ser�es between coll�nes.  Surface 
of corallum uneven due to d�fferent he�ghts of adjacent ser�es 
and coll�nes.  Upper surfaces of coll�nes occas�onally weakly 
ornamented by fa�nt septocostae.

Material examined.  Two spec�mens: IGM-7014, 80 x 90 
mm �n w�dth and 75 mm �n he�ght, w�th two th�n sect�ons 
(TZ-12 and TZ-13); and IGM-7015, 80 x 70 mm �n w�dth and 
55 mm �n he�ght.  Small commensal serpul�ds are attached to 
the oral surfaces of one corallum (IGM-7014) and the other 
corallum �s �n places encrusted by an �ndeterm�nate spec�es 
of Cyathophora.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es also has been reported from the lower 
Barrem�an of France, the lower Apt�an of Roman�a, Greece and 
Germany, and the Barrem�an-lower Apt�an of Poland, eastern 
Serb�a, Sloven�a, the Sov�et Carpath�ans, and Azerba�dzhan, 
and the Alb�an of northern Spa�n and (?)T�bet.

Discussion.  The morphology of the spec�mens descr�bed 
above �s the same as that descr�bed for Eugyra lanckoronensis 
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(Morycowa, 1964), therefore the Mex�can coralla are referred 
to that spec�es.

Several spec�es of Eugyra, and those of the other 
morpholog�cally s�m�lar genera Myriophyllia d’Orbigny, 
1849, and Dendrogyra Ehrenberg, 1834, have been reported 
from Lower Cretaceous rocks of Mex�co and adjacent areas.  
The spec�mens descr�bed here�n are morpholog�cally d�st�nct 
from any of those prev�ously reported from th�s reg�on.  The 
spec�es of Eugyra and those of other morpholog�cally s�m�lar 
genera reported from Mex�co and the Car�bbean reg�on are 
d�scussed below.

Three spec�es from Early Cretaceous (Barrem�an-
Apt�an) strata �n the state of Puebla, Mex�co, were descr�bed 
by Fel�x (1891, p. 159-161): Eugyra cotteaui Fromentel, 1857; 
E. neocomiensis Fromentel, 1857; and Dendrogyra mariscali 
Felix, 1891.  the first two species initially were described 
from the European Cretaceous (Fromentel, 1857), whereas 
the th�rd �s known only from reported Mex�can occurrences.  
All three of these spec�es subsequently were cons�dered to 
belong to the genus Myriophyllia d’Orbigny, 1849 (Wells, 
1944b, p. 436), and one of them, M. neocomiensis (Fromentel, 
1857), later was reported from the state of Oaxaca, in the 
same reg�on of Mex�co (Reyeros, 1983, p. 18-19).

Eugyra cotteaui Fromentel, 1857 (p. 30-31, pl. 3, 
figs. 4, 5), which is the type species of Eugyra, possesses 
meandro�d ser�es typ�cally 1.5 to 2.0 mm �n w�dth, �f parallel, 
but non-parallel ser�es range from 3.0 to 3.5 mm.  S�zes of 
septa �nd�cate that two, or somet�mes three, cycles of septa are 
present.  The number of septa along 2 mm of coll�ne length �s 
usually 7, 3 to 5 of wh�ch are S1 (Morycowa, 1997, p. 290).  
According to these figures, along 5 mm of colline length the 
number of septa would be about 17 or 18.  In add�t�on, a 
feeble, rud�mentary columella somet�mes �s present (Wells, 
1944b; Morycowa, 1997).  The Mex�can spec�mens of E. 
cotteaui descr�bed by Fel�x (1891, p. 159-161) possess ser�es 
2-4 mm �n w�dth w�th septa often alternat�ng �n s�ze and 
10-14 �n number, �nclud�ng 5-7 larger septa, along 5 mm of 
coll�ne length.  The columella presumably �s absent (Wells, 
1944b, p. 436).  A recent re-exam�nat�on of Fel�x’s mater�al 
�nd�cated that some of h�s spec�mens of Eugyra cotteaui 
should be referred to Pseudomyriophyllia cf. P. carpathica 
Morycowa, 1971 (Löser, 2006, p. 29, 56). 

Eugyra neocomiensis Fromentel, 1857 (pl. 3, figs. 6, 
7; 1877, p. 442, pl. 103, fig. 1), typically possesses series 
1.5-2.0 mm �n w�dth, somet�mes as much as 2.5 mm, septa 

�n two cycles, w�th 6-9 septa �n 2 mm or 15-23 �n 5 mm, 
and a d�scont�nuous lamellar columella (Morycowa and 
Masse, 1998, p. 754).  The Mex�can spec�mens ass�gned 
to E. neocomiensis Fromentel, 1857, by Fel�x (1891, p. 
159) possess ser�es 1-2 mm �n w�dth and septa alternat�ng 
�n s�ze and 7-9 �n number along 2 mm of coll�ne length, or 
about 17-23 �n number along 5 mm of coll�ne length.  The 
presence or absence of the columella was not noted by Fel�x.  
However, based on the apparent absence of a columella 
�n the topotypes of E. neocomiensis Fromentel, 1857, the 
Mex�can spec�mens presumably lack a columella (Wells, 
1944b, p. 436).  A recent re-exam�nat�on of Fel�x’s mater�al 
�nd�cated that some of h�s spec�mens of Eugyra neocomiensis 
should be referred to Eugyra affinis Prever, 1909 (Löser, 
2006, p. 28, 56).  The spec�mens referred to Myriophyllia 
neocomiensis (Fromentel, 1857) by Reyeros (1983, p. 18-19, 
pl. 5, fig. 2, pl. 6, fig. 1) reportedly possess series 1-1.5 mm 
in width and lack a columella.  the figures of the hypotype 
corallum (IGM-2718) presented by Reyeros show that the 
ser�es typ�cally range from 1.5 to 2 mm �n w�dth and that the 
number of septa along 5 mm of coll�ne length ranges from 
about 10-12.

Dendrogyra mariscali Felix, 1891 (p. 161, pl. 24, figs. 
4, 4a), possesses ser�es 2-4 mm �n w�dth w�th septa alternat�ng 
�n s�ze and 14-16 �n number, �nclud�ng 7-8 larger septa, along 
5 mm of coll�ne length, and a laterally d�scont�nuous lamellar 
columella (see Felix, 1891, pl. 24., figs. 4, 4a; and Wells, 
1944, p. 436).  Fel�x’s holotype of Dendrogyra mariscali 
recently has been re-ass�gned to the genus Meandroria 
Allo�teau, 1952, but th�s gener�c determ�nat�on also had been 
cons�dered to be problemat�c (Löser, 2006, p. 36, 56).

Eugyra cuyleri Wells, 1932 (p. 237-238, pl. 35, fig. 4), 
from the lower Glen Rose (lower Alb�an) of Texas and Lower 
Cretaceous of Tr�n�dad, possesses ser�es that average 2 mm 
�n w�dth w�th septa equal �n s�ze and 3-4 �n number along 2 
mm of coll�ne length (Wells, 1932), or about 7-10 septa per 
5 mm (Wells, 1944b, p. 436; 1948, p. 612); the columella �s 
absent (Wells, 1932).

Dendrogyra dumblei Wells, 1933 (p. 149, pl. 5, fig. 
10), from the Edwards L�mestone, Comal County, Texas, 
subsequently was reass�gned (Wells, 1944b) to the genus 
Myriophyllia.  The corallum of th�s spec�es has ser�es 1.5-2 
mm �n w�dth w�th septa equal �n s�ze and 10-12 �n number 
along 5 mm of coll�ne length; a well-developed lamellar 
columella �s present.
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Myriophyllia borrachensis Wells, 1944b (p. 436-437, 
pl. 70, figs. 2, 3), from the Chimana and upper Barranquín 
format�ons, northeastern Venezuela, has ser�es that average 
2.5 mm �n w�dth and septa weakly alternate �n s�ze and 7-9 
�n number along 5 mm of coll�ne length; typ�cally a lamellar 
columella �s present deep �n the ser�es, but the structure also 
may be weak or absent.

Myriophyllia trinitatis Wells, 1948 (p. 612, pl. 89, fig. 
7, pl. 90, fig. 3a), from the Lower Cretaceous of trinidad, 
has relat�vely short, narrow ser�es that range from 1 to 1.75 
mm �n w�dth and septa alternate �n s�ze and 15-20 �n number 
along 5 mm of coll�ne length; the columella �s absent.

Another spec�es, E. felixi, was reported from the U-bar 
Format�on �n southwestern New Mex�co (Campbell, 1988, p. 
83), but the species was not described or figured.

The Mex�can spec�mens descr�bed above also are 
morpholog�cally s�m�lar to some of the other spec�es that 
are known from the European Cretaceous.  However, based 
on characters of the w�dth of ser�es, relat�ve s�zes and 
spac�ng of septa, and presence or absence of a columella, 
the Mex�can spec�mens referred to Eugyra lanckoronensis 
appear to be taxonom�cally d�st�nct.  Some of these spec�es, 
and the character�st�cs l�sted above, �f known, are g�ven 
here.

Eugyra interrupta Fromentel, 1862 (p. 410, 429), has 
ser�es 2.5-3 mm �n w�dth and 10 longer septa �n 5 mm. 

Eugyra continua (Blanckenhorn, 1890, p. 10, pl. 1, fig. 
8), has ser�es 1.2-2.5 mm �n w�dth, 12-15 septa �n 5 mm, and 
lacks a columella (Felix, 1909, p. 173, pl. 7, fig. 8, 8a, 1913, 
p. 98; Wells, 1948, p. 612).

Eugyra digitata Koby, 1896 (p. 21-22, pl. 8, figs. 4-7), 
has ser�es 2-3 mm �n w�dth and typ�cally 12 septa �n 5 mm 
(Wells, 1948, p. 612).

Eugyra pusilla Koby, 1896 (p. 22, pl. 8, figs. 8-9), has 
ser�es only 1 mm �n w�dth and numerous, closely spaced 
septa, 12 �n 2 mm, or about 30 �n a d�stance of 5 mm (Wells, 
1948, p. 612).  The var�ety E. pusilla pauciseptata de Angel�s, 
1905 (1905a, 1905b, p. 217, pl. 14, fig. 13), has series 0.75-
1.5 mm �n w�dth and 5-6 septa �n 2 mm (de Angel�s, 1905c, 
p. 36-37), or about 12-15 septa �n 5 mm.  The coralla re-
ferred to th�s var�ety by Allo�teau (�n Hupe and Allo�teau, 
1947, p. 199-200, pl. 2, fig. 10) have been redescribed as 
Hydnophora alloiteaui Reig, 1991 (p. 25-26, pl. 7, figs. 4, 
5).  The subspec�es E. pusilla rariseptata Morycowa, 1964 
(p. 45-46, pl. 9, fig. 1a-b, pl. 10, fig. 1) has series with vari-

able w�dth, from 0.7 to 1.2 mm, and fewer septa, from 15 to 
22 �n 5 mm.

Eugyra pontica Karakasch, 1907 (p. 254, pl. 22, fig. 5), 
and the subspec�es E. pontica hydnophoroides Benduk�dze, 
1961 (p. 12-13, pl. 4, fig. 8), have series 1.5-2 mm in width 
and 9-12 septa �n 5 mm (S�kharul�dze, 1985, p. 22).

Eugyra bernardi (Prever, 1909, p. 81-82, pl. 3, figs. 
18, 18a), has ser�es 1-2 mm �n w�dth, 13-16 septa �n 5 mm, 
and no columella (Hackemesser, 1936, p. 10, pl. 1, figs. 1, 2; 
Wells, 1948, p. 612).

Eugyra robusta Hackemesser, 1936 (p. 11, pl. 1, figs. 3, 
4), has ser�es 2-3.5 mm �n w�dth and only 4 septa �n 5 mm.

Eugyra arasensis Allo�teau, 1947 (�n Hupe and 
Alloiteau, p. 197-199, pl. 2, fig. 4, text fig. 2), has series 3-5 
mm �n w�dth, 12-14 septa �n 5 mm, and no columella (Re�g, 
1994, p. 35, fig. 1a).

Eugyra crassisepta Reig, 1989 (p. 25, pl. 6, fig. 5), has se-
r�es 2.5-3.2 mm �n w�dth, 7-8 septa �n 5 mm, and no columella.  
Three other spec�es of Eugyra recently have been descr�bed by 
that same author: Eugyra vivesi Reig, 1994 (p. 33, figs. 1c, 2c), 
has ser�es 2.5-4.5 mm �n w�dth, 7-8 septa �n 5 mm, and no colu-
mella; E. calzadai Reig, 1994 (p. 33-34, figs. 1e, 2b), has series 
5-6 mm �n w�dth, about 10 septa �n 5 mm, and no columella; and 
E. casanovai Reig, 1994 (p. 34-35, figs. 1b, 2a), has series 2-3.5 
mm �n w�dth, 14-16 septa �n 5 mm, and no columella.

Spec�es of Eugyra also have been descr�bed from Afr�ca 
(Gregory, 1930, p. 200-201, pl. 18, fig. 6), Asia (He and Xiao, 
1990) and Japan (Eguch�, 1951, p. 12-14, 45, 54-55).

Suborder Fung��na Verr�ll, 1865
Fam�ly Act�nac�d�dae Vaughan and Wells, 1943

Genus Actinaraea d’Orbigny, 1849

Type species.  Agaricia granulata Münster, �n Goldfuss, 
1829 (p. 109, pl. 38, figs. 4a, b; d’Orbigny, 1849, 
p. 11).

Actinaraea michoacanensis new species
F�gure 19

Actinaraea sp. cf. A. arborescens (Fel�x, 1891).  Hedberg 
and Pyre, 1944, p. 7.

Actinaraea arborescens (Fel�x, 1891).  Wells, 1944b, p. 440, 
pl. 72, figs. 1-5, pl. 74, fig. 1; von der Osten, 1957b, 
p. 572; Baron-Szabo, 1997, p. 88.



CRetACeOUS CORALS FROM tHe HUetAMO ReGION, MICHOACAN AND GUeRReRO StAteS 49

Diagnosis.  Corallum mass�ve to ramose.  Cal�ces 2-5 mm 
�n d�ameter; cal�cular centers spaced 3.5-7 mm apart.  Septa 
numerous, up to four complete cycles developed �n larger 
corall�tes.

Description.  Corallum colon�al, attached, ploco�d, 
superficially thamnasteroid in appearance, massive to ramose, 
fa�ntly costate or str�ated.  S�ze of exam�ned spec�men about 
45 x 50 mm �n w�dth and 75 mm �n he�ght.  Colony format�on 
by extratentacular budd�ng from coenosteal reg�on.  Branches 

columnar, short, �rregular �n shape, often subcyl�ndr�cal, 
ell�pt�cal �n cross sect�on, and about 10-30 mm �n d�ameter.  
Branches typ�cally w�th abundant, smaller branch offshoots 
of 5-10 mm �n d�ameter, �rregularly spaced, protuberant 
nodular or short cyl�ndr�cal �n shape, and or�ented upward 
and outward from s�des of colony.

Corall�tes weakly del�neated by walls, generally cyl�n-
drical, orally protuberant or flush, up to about 5 mm in outside 
d�ameter, and unevenly d�str�buted over surface of corallum.  
Calices exclusively monocentric, either superficial or orally 

F�gure 19.  Actinaraea michoacanensis n. sp., holotype IGM-7016, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mex�co.  1, Port�on of the lateral surface of the corallum, scale bar = 1 cm; 2, deta�l of scleract�n�an ep�b�ont on s�de of corallum, scale bar = 1 mm; 3, trans-
verse th�n sect�on, scale bar = 1 cm; 4 and 5, transverse th�n sect�on, deta�l of corall�tes, scale bar = 1 mm.
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concave and shallow, and typ�cally less than 1 mm �n depth.  
Cal�cular marg�ns c�rcular or subc�rcular �n outl�ne.  CD var�able 
from 2 to 5 mm.  Cal�cular centers spaced 3.5-7 mm apart.

Septa well-developed, non-exsert, lam�nar and h�ghly 
fenestrate.  Septa occas�onally cont�nuous beyond cal�cular 
marg�n as weak septocostae, but typ�cally the extracal�cular 
extens�ons of septocostal structures become �ntermeshed 
w�th the coenosteum and �nd�scern�ble.  Number of septa 
var�able and d�rectly related to cal�ce d�ameter as �n these 
examples: CD 2 mm, 20 septa; CD 2.5 mm, 30 septa; CD 4 
mm, 38 septa; and CD 5 mm, about 50 septa.  Number of septa 
�nd�cates the presence of from three to four complete septal 
cycles, and occasionally a portion of the fifth cycle on larger 
corall�tes.  Septa typ�cally rad�ally arrayed around cal�cular 
ax�s and usually w�thout any apparent hexameral symmetry.  
General s�ze relat�onsh�p among septa: S1=S2≥S3>S4(>S5).  
Septa usually stra�ght, lam�nar and fenestrate �n cross 
sect�on, and nearly equal �n w�dth, about 0.1 mm.  Typ�cally 
S1, S2 and some of S3, or 12 to 18 septa, extend from wall to 
corall�te ax�s.  S4 usually about half as long as S3.  S5 usually 
per�pheral when present, �nserted near to cal�cular marg�n 
and very short.  Interseptal spaces approx�mately equal to, 
or sl�ghtly less than, w�dth of septa.  Synapt�culae abundant, 
s�mple trabecular �n structure, or�ented subhor�zontally 
between septa and spaced about 0.2 mm apart, or about 5-
6 per mm.  Lateral surfaces of septa generally uneven and 
undulated due to fenestrate structure of septa.  Septal marg�ns 
beaded �n appearance.

Columella trabecular, spong�ose, orally pap�llose, 
usually vert�cally cont�nuous, and about 0.5 mm �n d�ameter.  
Columella composed of closely �ntermeshed trabecular rods 
and frequently laterally �nterm�ttently fused to �nner marg�ns 
of S1, S2 and some of S3.

Wall typ�cally moderately well-developed, 
synapt�culothecal, and usually about 1 mm �n w�dth.  Wall 
composed of a concentr�c, vert�cally cont�nuous zone of very 
closely spaced, hor�zontally or�ented, synapt�cular rods.

Coenosteal surfaces of corallum fa�ntly costate or 
str�ated near cal�ces and usually sp�nose or granular �n 
appearance over other �ntercorall�te areas farther from cal�ces.  
Coenosteal str�ae, or d�stal port�ons of septocostae, spaced 
about 4-5 per mm.  Coenosteum between corall�tes composed 
of an �ntermeshed cont�nuat�on of septa-synapt�culae 
trabecular elements, only the arch�tectural structure lacks 
well-defined organization.

Etymology.  The spec�es A. michoacanensis n. sp. �s named 
for where the samples were found, the Mex�can state of 
M�choacán, wh�ch �s �nd�cated by the add�t�on of the Lat�n 
suffix -ensis = place.

Types.  One fragment of a corallum, holotype IGM-7016, 
w�th one th�n sect�on (TZ-48).  Most of the spec�men �s 
internally recrystallized and partly silicified.  the original 
skeletal arch�tecture �s apparent only �n a th�n r�nd along 
port�ons of the exter�or surface.

The type stratum �s the Cumbur�nd�o Format�on, lower 
Apt�an.  The type local�ty �s �n the coral reef hor�zon at the top 
of the Loma de San Juan, just south of Tur�tz�o, M�choacán, 
Mex�co.  The approx�mate coord�nates of the type local�ty, 
as determ�ned from the Mex�can 1:50,000 scale Huetamo 
(E14A64) topograph�c map, are: 18° 31.28’ N, 100° 56.65’ W.

Occurrence.  Known from the type local�ty and Venezuela.  
The coord�nates of the type local�ty are g�ven above.  The 
spec�mens descr�bed by Wells (1944b) are from the Lower 
Cretaceous upper Barranquín Format�on of northeastern 
Venezuela.

Discussion.  The morpholog�cal character�st�cs of the 
descr�bed spec�men, w�th m�nor except�ons, generally 
encompass those given by Wells (1944b, p. 440, pl. 72, figs. 
1-5, pl. 74, fig. 1) in his description of Actinaraea arborescens 
(Fel�x, 1891) from the Barranquín Format�on of northeastern 
Venezuela.  The corall�tes of the Mex�can spec�men exh�b�t 
a broader range of d�ameters (2-5 mm) than those of the 
Venezuelan spec�mens (3-3.5 mm), and they possess a larger 
number of septa.  However, cal�ces of about equal d�ameter 
on both of these spec�mens possess about the same number 
of septa.  Other similarities include the growth form of the 
corallum, development of the columella, the number of septa 
wh�ch reach the columella (at least 12 on comparable s�zed 
corall�tes), and the lateral spac�ng of the coenosteal str�ae or 
septocostae (4-5 per mm, or about 9-10 �n 2 mm).  Therefore, 
the spec�es descr�bed here�n and the A. arborescens of Wells 
(1944b) are considered to be conspecific.  Unfortunately, 
the coralla that Wells (1944b) descr�bed as A. arborescens 
(Felix, 1891), later were considered not to be conspecific with 
Thamnoseris arborescens Felix, 1891 (p. 152, pl. 25, figs. 11, 
11a, 15).  However, Wells’s ass�gnment of the spec�mens to 
the genus Actinaraea ev�dently was correct (Baron-Szabo, 
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1997, p. 88-89; Löser, 2006, p. 52) and the morphology of the 
Mex�can spec�men descr�bed above supports th�s taxonom�c 
determ�nat�on.  Therefore, th�s spec�es �s descr�bed as new.

The morpholog�cal character�st�cs of the new spec�es 
d�ffer from those of the other prev�ously descr�bed spec�es 
attr�buted to th�s genus.  The type spec�es, A. granulata from 
the Upper Jurass�c of Europe, possesses corall�tes that are 
much smaller �n d�ameter, only 1.6-2.0 mm (Turnšek, 1997, 
p. 6).  Another spec�es from the Upper Jurass�c of Europe, A. 
minuta Roniewicz, 1966 (p. 250, pl. 25, fig. 1), also differs 
by the smaller s�ze of the corall�tes, wh�ch are only about 
1.5 mm �n d�ameter (Ron�ew�cz, 1976, p. 91).  Actinaraea 
tenuis Morycowa, 1971 (p. 128-130, pl. 35, figs. 1a-d, pl. 36, 
figs. 1a-c, text fig. 37), from the lower Aptian of Romania 
and other Lower Cretaceous local�t�es �n Europe (Turnšek, 
1997, p. 7) and Texas (Scott, 1984a, p. 344), has smaller 
cal�ces, relat�vely fewer septa, and a less dense skeletal 
arch�tecture.  A spec�es descr�bed from the Campan�an of 
Spa�n, A. morycowai Reig, 1995 (p. 34-35, pl. 5, figs. 1-4), 
has a mass�ve corallum w�th larger corall�tes and w�dely 
spaced cal�cular centers.

A s�ngle, small (0.6 mm d�ameter) scleract�n�an 
ep�b�ont �s attached to the s�de of the exam�ned corallum (see 
Figure 19.2, center).  Wells (1944b, pl. 72, fig. 4) also noted 
a small, sol�tary corall�te, Stylosmilia gregorii, assoc�ated 
w�th h�s spec�men of A. arborescens.  The two occurrences 
are str�k�ngly s�m�lar: both seem to �nvolve the same host 
and ep�b�ont spec�es.  Add�t�onally, some 1 mm d�ameter 
annel�d tubes were observed attached to the oral surface of 
the corallum.

Genus Thamnarea Étallon, 1864

Type species.  Thamnarea digitalis Étallon, �n Thurmann 
and Étallon, 1864 (p. 412, pl. 58, figs. 6a-c), by 
subsequent des�gnat�on (Gregory, 1900, p. 193). 

Thamnarea hornosensis new species
F�gure 20

Diagnosis.  Corallum typ�cally large, greater than 1 m �n 
both d�ameter and he�ght, and exclus�vely ramose; branches 
elongate, from 8 to 20 mm �n d�ameter, but most commonly 
about 15 mm.  D�stance between cal�cular centers from 4 to 
5 mm.  Number of septa var�able, usually 10-12 ax�ally, but 

as many as 40-56 per�pherally.  Septocostae laterally spaced 
4 per mm.

Description.  Corallum colon�al, attached, thamnastero�d, 
ramose, fa�ntly costate, typ�cally large �n s�ze, d�ameter and 
he�ght up to at least 1 m, and overall fan-shaped.  Branches 
robust, generally cyl�ndr�cal to subcyl�ndr�cal, h�ghly 
elongate, usually vert�cally cont�nuous, sl�ghtly tapered along 
length, frequently b�furcated, d�ameter from 8 mm to 20 mm, 
but most often about 15 mm.  Branches or�ented parallel to 
subparallel to each other and very closely spaced or �n lateral 
contact w�th each other, the �nterbranch spaces from 0 to about 
5 mm.  Branches arrayed candelabrum-style, rad�ally outward 
but pr�mar�ly upward from basal port�on of colony.  Surfaces 
of branches nearly smooth, but overall uneven and broadly 
undulated by low, bulbous, lateral growths approx�mately 
10 mm �n d�ameter.  Colony format�on by polystomodaeal 
�ntratentacular marg�nal budd�ng w�th lamellar l�nkages.

Corallites peripherally confluent with adjacent 
corall�tes and or�ented w�th axes nearly perpend�cular to 
branch surfaces.  Calices distinct, superficial, monocentric, 
marg�ns generally c�rcular �n outl�ne.  Cal�ce d�ameters 
poorly defined due to lack of theca, but discontinuities in 
peripheral continuations of confluent linear septocostae 
�nd�cate a var�able CD from 3 mm to a max�mum of about 
7 mm, but most typ�cally 5 mm.  Cal�cular centers small, 
shallow, p�t-l�ke or funnel-shaped depress�ons �n surface of 
corallum; centers spaced about 4-5 mm apart.

Septa well-developed, barely exsert, fenestrate, and 
structurally cont�nuous as septocostae.  Number of septa 
var�able, only 10-12 ax�ally, but up to about 40 to 56 �n 
per�pheral corall�te reg�ons.  Septa typ�cally hexamerally 
symmetr�cal and rad�ally arrayed �n four complete cycles 
with portions of the fifth cycle sometimes present also.  Size 
relat�onsh�p among septa: S1≥S2>S3>S4>S5.  Septa somewhat 
blade-shaped �n cross sect�on, stra�ght to curved, and very 
th�n, w�dth about 0.1 mm.  S1 and most S2 extended �nto 
corall�te ax�s.  Septa of h�gher cycles typ�cally s�m�lar �n w�dth 
to those of lower cycles but proport�onately shorter �n length.  
Synapt�culae well-developed, numerous, and �rregularly 
distributed.  Synapticulae vertically spaced about five per 
mm.  Lateral surfaces of septa uneven or undulated due to 
fenestrate trabecular structure.  Upper septal marg�ns nearly 
smooth; �nner marg�ns of S1 and S2 often ax�ally fused, those 
of h�gher cycles commonly fused to septa of prev�ous cycle.  
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Interseptal spaces typ�cally sl�ghtly narrower than w�dth of 
septa.  Pal� absent.  Columella weakly developed, trabecular, 
vert�cally d�scont�nuous, very th�n, and orally pap�llose.

Wall generally absent, but the per�pheral marg�ns 
of corall�tes somewhat del�neated by a h�ghly fenestrate 
boundary of synapt�culae wh�ch �nd�cates the poss�ble 
presence of a very weakly developed synapt�culotheca.  
Endotheca and exotheca not observed.

Costae well-developed but very fa�ntly expressed, 
structurally cont�nuous w�th septa as septocostae, frequently 
confluent between septa of adjacent corallites, and laterally 
spaced 4 per mm.  Intercostal furrows narrow, approx�mately 
equal to the �nterseptal spaces �n w�dth.  Upper edges of 
costae nearly smooth, s�m�lar to ornamentat�on of upper 
marg�ns of septa.

Etymology.  The spec�es �s named for �ts type local�ty, the 
Arroyo Los Hornos, wh�ch �s �nd�cated by the add�t�on of the 
Latin suffix -ensis = place.

Types.  Several dozen branches collected from the outcrop 
of a s�ngle large colony, holotype corallum IGM-7017, w�th 
n�ne th�n sect�ons (TZ-62 through TZ-70).

The type stratum �s the Cumbur�nd�o Format�on, lower 
Apt�an.  The type local�ty �s �n the Arroyo Los Hornos, about 
1 km north of Tur�tz�o, M�choacán, Mex�co.  The approx�mate 
coord�nates of the type local�ty, as determ�ned from the 
Mex�can 1:50,000 scale Huetamo (E14A64) topograph�c 
map, are: 18° 32.10’ N, 100° 56.74’ W.

The shape of the corallum as �t appears �n the outcrop 
probably has been modified by lateral compression during 
bur�al and compact�on, and by subsequent exhumat�on and 
weather�ng.  The skeletal structure of most of the exam�ned 
branches �s not preserved �nternally due to extens�ve 
recrystallization and partial silicification.  the corallum of T. 

hornosensis �s the largest of any of the coral spec�es known 
from the Cumbur�nd�o Format�on.

The type spec�men was found at the top of a bed of rud�st 
b�oclast�cs wh�ch probably served as the �n�t�al attachment 
po�nt of the colony.  Corallum branches are often encrusted 
by ep�b�onts �nclud�ng small serpul�d annel�ds, a spec�es of 
sponge, and a spec�es of th�n, l�near, creep�ng bryozoan (see 
F�gure 20.8; d�stal end at r�ght of center).

Occurrence.  Known only from the type local�ty.  The coord�-
nates of th�s local�ty are g�ven above.  The descr�pt�on �s based 
on samples from a s�ngle colony that was d�scovered cropp�ng 
out at a kn�ckpo�nt �n the thalweg of the Arroyo Los Hornos.  
Th�s same spec�es also was observed �n the weathered surface 
of the next h�gher res�stant l�mestone ledge, wh�ch �s sl�ghtly 
further upstream and strat�graph�cally up sect�on from the 
type hor�zon.  The spec�es has the largest corallum yet d�scov-
ered �n the Cumbur�nd�o Format�on.  F�eld photographs of the 
corallum are shown �n F�gure 20.1 and 20.2.

Discussion.  Thamnarea hornosensis n. sp. �s morpholog�cally 
s�m�lar to several other prev�ously descr�bed spec�es, but the 
large s�ze and growth form of the corallum, d�ameter of the 
branches (8-20 mm, typ�cally 15 mm), d�stance between 
cal�cular centers (4-5 mm), var�able number of septa (10-
12 ax�ally, 40-56 per�pherally), and relat�ve spac�ng of the 
septocostae (4 per mm) serve to d�st�ngu�sh �t from other 
spec�es, �nclud�ng two from nearby depos�ts �n the Lower 
Cretaceous of Mex�co and South Amer�ca.  Thamnaraea 
holmoides Felix, 1891 (p. 143, pl. 22, figs. 1, 1a), from 
Neocom�an strata near Tehuacán, state of Puebla, Mex�co, has 
a small, column�form corallum w�th th�cker branches (18-24 
mm), cal�cular centers that are typ�cally more w�dely spaced 
(6 mm), and overall fewer septa (12-14 ax�ally, but only 20-
24 per�pherally).  However, the holotype of T. holmoides �s 

F�gure 20.  Thamnarea hornosensis n. sp., holotype corallum IGM-7017, Cumbur�nd�o Format�on, lower Apt�an, from the Arroyo Los Hornos, just north 
of Tur�tz�o cemetery and about 1 km north of Tur�tz�o, State of M�choacán, Mex�co.  1, V�ew of upper surface of outcrop at kn�ckpo�nt �n the Arroyo Los 
Hornos, corallum �n lateral v�ew w�th d�stal ends of branches toward the left and basal reg�on toward the r�ght, he�ght of hammer for scale = 28 cm; 2, v�ew 
of weathered cross sect�on perpend�cular to bedd�ng plane, corallum �n lateral v�ew w�th d�stal ends toward r�ght, note underly�ng accumulat�on of rud�st 
valves shown in lower half of figure, height of hammer for scale = 28 cm; 3, transverse thin section through portions of four branches, structure mostly re-
crystall�zed ax�ally, scale bar = 1 cm; 4, long�tud�nal th�n sect�on taken just above branch b�furcat�on, the port�on of the sect�on on the left more tangent�al to 
the outer surface of the branch, same scale as F�gure 20.3; 5, deta�l of transverse th�n sect�on of branch, scale bar = 1 mm; 6, deta�l of transverse th�n sect�on 
of corall�te (tangent�al long�tud�nal th�n sect�on of branch), same scale as F�gure 20.5; 7, scann�ng electron m�crograph of weathered surface of branch, scale 
bar = 1 mm; 8, scann�ng electron m�crograph of weathered surface of branch, one cal�cular center shown �n upper left and d�stal end of bryozoan ep�b�ont 
shown near lower r�ght, scale bar = 1 mm.
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poorly preserved and �t has tentat�vely been reass�gned to the 
genus kobyastraea Ron�ew�cz, 1970 (Löser, 2006, p. 37, 57).  
Dendraraea anzoateguensis Wells, 1944b (p. 440-441, pl. 73, 
figs. 1-3), from the Chimana Formation (Lower Cretaceous) 
of La Borracha Island, northeastern Venezuela, has a small, 
nodular corallum, smaller corall�tes, and cal�cular centers 
that are more closely spaced (2-3 mm).

A few other spec�es of Thamnarea are known from 
the Lower Cretaceous.  Thamnarea cancellata Koby, 
1898 (p. 86-87, pl. 20, figs. 7-10a), from the Urgonian of 
Sw�tzerland, possesses a small, mass�ve or nodular corallum 
and cal�cular centers that are more closely spaced (1.5-2.0 
mm).  Thamnarea mammelonata Turnšek, 1981 (�n Turnšek 
and Mihajlović, 1981, p. 38-39, pl. 46, figs. 2-6, pl. 47, figs. 
1-4), from the Barrem�an- ower Apt�an of Serb�a and Lower 
Cretaceous of Hungary (Császár and Turnšek, 1996), has 
a cyl�ndr�cal corallum w�th cal�ces s�tuated on prom�nent 
mammelons, cal�cular centers that are more closely spaced 
(2-4 mm), and septa that are fewer �n number (16-22).

two species from the upper Oxfordian of europe also 
appear to be s�m�lar to, yet morpholog�cally d�st�nct from, T. 
hornosensis n. sp.: T. digitalis Étallon, 1864, the type spec�es, 
and T. arborescens Étallon, 1864 (�n Thurmann and Étallon, 
1864, p. 412, pl. 58, figs. 6 and 5, respectively).  the type 
spec�es possesses a s�m�lar corallum growth form and branch 
morphology, but the branches are th�cker (20-40 mm �n 
d�ameter), the cal�cular centers are more w�dely spaced (5-7 
mm), and the septa are fewer �n number (18-24) (Koby, 1888, 
p. 412, pl. 110, fig. 7).  the other species, T. arborescens, 
possesses branches that typ�cally are th�nner (6-15 mm �n 
d�ameter) and septa that are fewer �n number (12-20) (Koby, 
1888, p. 411, pl. 110, figs. 2-6).  One other european Jurassic 
spec�es, T. pulchella Ogilvie, 1897 (p. 154, pl. 10, fig. 14, 
14a), also has a ramose growth form, but the branches are 
th�nner (8-10 mm) and cal�cular centers more closely spaced 
(about 2 mm).  Other species from the Jurassic of europe, 
�nclud�ng T. granulosa and T. bacillaris Koby, 1888, and 
the Jurass�c of Ind�a, �nclud�ng T. amorpha and T. tuberosa 

Gregory, 1900, possess coralla w�th mass�ve hem�spher�cal 
or globular growth forms.

Fam�ly Calamophyll��dae Vaughan and Wells, 1943
Genus Calamophyllia Bla�nv�lle, 1830

Type species.  Calamophyllia striata Bla�nv�lle, 1830 (p. 
312), by subsequent des�gnat�on (M�lne Edwards 
and Ha�me, 1850, p. xxx���) (Wells, 1956, p. F380). 

Calamophyllia sandbergeri Felix, 1891
F�gure 21

Calamophyllia sandbergeri Felix, 1891, p. 153, pl. 22, fig. 9; 
Felix, 1914a, p. 40; Wells, 1944b, p. 438, pl. 71, figs. 
2, 3, pl. 74, figs. 1, 5; Wells, 1948, p. 612-613, pl. 
89, fig. 3a, pl. 90, figs. 1, 2; von der Osten, 1957b, p. 
572; Scott and Brenckle, 1977, p. 185; Scott, 1981, 
p. 467; Reyeros, 1983, p. 19-20, pl. 6, fig. 2; Scott, 
1990, p. 31, 40, 82; Fagerstrom, 1987, p. 427-429.

Diplarea venezuelensis Gregory, 1927, p. 441, pl. 13, figs. 
1a, 1b.

Calamophyllia sp. cf. C. venezuelensis (Gregory, 1927).  
Hedberg and Pyre, 1944, p. 7.

Calamophylliopsis sandbergeri (Fel�x, 1891).  Löser, Bach, 
and Müller, 2002, p. 34.

Thecosmilia sandbergeri (Fel�x, 1891).  Löser, 2006, p. 35, 
fig. 3e. 

Description.  Corallum colon�al, attached, phacelo�d, robust, 
typ�cally large �n s�ze, he�ght up to at least 30 cm.  Branches 
essent�ally cyl�ndr�cal, 4-6 mm �n d�ameter, elongate, 
b�furcated frequently, parallel to subparallel, very closely 
spaced and occas�onally �n contact w�th each other.  Branches 
of corallum arrayed rad�ally upward and outward from or�g�n 
po�nt of colony.  Corallum fa�ntly costate.  Colony format�on 
by d�stomodaeal �ntratentacular budd�ng w�th temporary 
lamellar l�nkages.

F�gure 21.  Calamophyllia sandbergeri Fel�x, 1891, Cumbur�nd�o Format�on, lower Apt�an, western slope adjacent to Tur�tz�o cemetery, north of Tur�tz�o, 
State of Michoacán, Mexico.  1, IGM-7018, detail of weathered surfaces of branches in limestone, branch bifurcation in lower center of figure, scale bar = 
1 cm; 2, transverse th�n sect�on, branches mostly recrystall�zed, scale bar = 1 cm; 3, long�tud�nal th�n sect�on, recrystall�zed, same scale as F�gure 21.2; 4, 
deta�l of transverse th�n sect�on shown above �n F�gure 21.2, scale bar = 1 mm; 5, deta�l of long�tud�nal th�n sect�on shown above �n F�gure 21.3, same scale 
as F�gure 20.4; 6, deta�l of transverse sect�on of laterally compressed corall�te poss�bly �n the process of b�furcat�on, same scale as F�gure 20.4; 7, IGM-7019, 
spec�men from Loma de San Juan, Tur�tz�o, State of M�choacán; transverse th�n sect�on, same scale as F�gure 20.2; 8, deta�l of corall�te shown �n upper left 
of previous figure, same scale as Figure 20.4.
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Corall�tes cyl�ndr�cal, vert�cally cont�nuous, laterally 
free, parallel, closely-spaced or �n contact, each one a branch 
segment of the corallum.  Corall�tes typ�cally 4-6 mm �n 
d�ameter, sl�ghtly th�cker below branch b�furcat�ons, and up 
to at least 10 cm �n length.

Cal�ces d�st�nct, monocentr�c, marg�ns usually c�rcular 
to subc�rcular �n outl�ne or sl�ghtly d�storted by �nfr�ngement 
of adjacent corall�tes.  CD sl�ghtly smaller than branch 
d�ameter, 4-6 mm.

Septa well-developed, generally lam�nar, and fenes-
trate.  Trabecular arch�tecture not preserved.  Septa structur-
ally cont�nuous w�th costae.  Septa rad�ally arrayed, typ�cally 
46 to at least 72 �n number, hexamerally symmetr�cal and 
inserted in from four to nearly five complete septal cycles.  
S�ze relat�onsh�p among septa: S1≥S2>S3>S4>>S5.  Septa gen-
erally lam�nar to sl�ghtly blade-shaped �n cross sect�on and 
fa�rly stra�ght.  S1 approx�mately 0.1 mm �n w�dth and two-
fifths the CD in length.  S2 about equal to the S1 �n s�ze; S3 
only sl�ghtly shorter than the pr�mary S1 and S2.  S1, S2 and 
some of the S3 extended from wall toward corall�te ax�s and 
�nto per�meter of columella.  S4 about half the length of S3.  
Some of the S5 typ�cally present but weakly developed, the�r 
length about half that of the S4.  W�dth of �nterseptal spaces 
about two t�mes the w�dth of the adjacent septa.  Synapt�culae 
common espec�ally near wall, spaced two or three per mm, 
and flattened or lath-shaped in cross section.  Lateral surfaces 
of septa smooth to sl�ghtly crenulated.  Upper septal marg�ns 
beaded.

Pal� or pal�form lobe-l�ke structures present adjacent to 
and �ntermeshed w�th outer marg�n of columella.  Columella 
fa�rly well-developed, vert�cally cont�nuous, trabecular, 
spong�ose, orally pap�llose, w�dth about one-th�rd of the CD; 
an open, low dens�ty structure of �ntermeshed trabeculae 
contr�buted to by ax�al extens�ons from �nner marg�ns of S1, 
S2 and some S3.

Wall pr�mar�ly synapt�culothecal and developed �n 
a narrow zone around outer per�meter of corall�te.  Wall 
secondar�ly re�nforced by add�t�onal synapt�culae or sparsely 
d�str�buted endothecal d�ssep�ments, and poss�bly also by 
paratheca.

Costae absent or weakly developed and fa�nt, 
confluent and structurally cont�nuous through wall w�th 
septa.  Costae very low, wedge-shaped �n cross sect�on, 
sharp-crested, r�dge-l�ke, and approx�mately equal �n 
w�dth.

Material examined.  A sample of one of the coralla from the 
�n s�tu occurrences near Tur�tz�o cemetery, IGM-7018, w�th 
two th�n sect�ons (TZ-16 and TZ-17), and IGM-7019, w�th one 
th�n sect�on (TZ-18), a small fragment from the reef hor�zon 
at Loma de San Juan, Tur�tz�o.  The skeletal arch�tecture �s 
only occas�onally preserved; most of the skeletal mater�al 
examined is coarsely recrystallized or partially silicified.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an.  The 
mater�al exam�ned �s from the western slope below Tur�tz�o 
cemetery, just north of Tur�tz�o and just south of the Arroyo 
Los Hornos, and from the Loma de San Juan, just south 
of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of these 
local�t�es are: 18° 32.10’ N, 100° 56.74’ W; and 18° 31.28’ N, 
100° 56.65’ W, respect�vely.  A number of large, espec�ally 
well-developed colon�es occur �n s�tu �n the uppermost ledge 
form�ng un�t wh�ch crops out a few meters down slope and 
west of the cemetery fence.

Th�s spec�es also has been reported from the Apt�an 
strata near Tehuacán, state of Puebla (Fel�x, 1891), near 
tepelmeme, state of Oaxaca (Reyeros, 1983), the Barranquín 
Format�on of northeastern Venezuela (Wells, 1944b), and the 
Lower Cretaceous of Tr�n�dad (Wells, 1948).  In the north, 
the spec�es reportedly occurs �n the Lower Cretaceous (lower 
Alb�an) of Ar�zona (Scott, 1981, p. 467; see also Grocock, 
1975, p. 22).

Discussion.  The morpholog�cal character�st�cs of the descr�bed 
spec�mens are the same as those g�ven by Wells (1944b, p. 
438) �n h�s descr�pt�on of Calamophyllia sandbergeri Fel�x, 
1891, from Venezuela, therefore the coralla are referred 
to that spec�es.  However, a recent re-exam�nat�on of the 
type spec�mens of C. sandbergeri revealed that most of the 
mater�al �s poorly preserved and that the only spec�men that 
could be determ�ned, the lectotype (Löser, 2006, p. 35, 56), 
seemed to possess some character�st�cs wh�ch apparently 
were d�fferent from those that had prev�ously been cons�dered 
as typ�cal for th�s spec�es.  As a consequence, th�s spec�es was 
reass�gned to another genus (Thecosmilia) and the major�ty of 
the occurrences l�sted �n the synonymy g�ven above were then 
cons�dered not to be synonymous (see Löser, 2006, p. 35).  
Because of the potential influence of the style of preservation 
on the appearance of preserved morpholog�cal character�st�cs, 
all of th�s mater�al needs to be compared �n more deta�l by 
the study of or�ented cross sect�ons.  Unt�l th�s k�nd of re-
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exam�nat�on �s made, the gener�c ass�gnment and spec�es 
synonymy g�ven above are reta�ned �n the�r earl�er form.

Wells (1948, p. 613) also noted that Calamophyllia 
sandbergeri appeared to be most s�m�lar to, yet st�ll d�st�nct 
from, a few other spec�es of Calamophyllia from the 
Cretaceous of Europe, �nclud�ng C. compressa d’Orbigny, 
1850a (Urgon�an, France), C.? corymbosa Koby, 1897 
(Urgon�an, Morteau), C. stutzi Koby, 1897 (Urgon�an, 
Sw�tzerland), C. zumoffeni (Fel�x, 1909), and C. baali (Fel�x, 
1909) (Cenoman�an, Syr�a).

Fam�ly Haplarae�dae Vaughan and Wells, 1943
Genus Meandrophyllia d’Orbigny, 1849

Type species.  Meandrina lotharinga M�chel�n, 1843 (p. 
100, pl. 22, fig. 2).

Meandrophyllia sauteri (Felix, 1891)
F�gure 22

Latimaeandra sauteri Felix, 1891, p. 148, pl. 23, fig. 2; 
Reyeros, 1983, p. 23.

Latimaeandraraea sauteri (Fel�x, 1891). Fel�x, 1914a, p. 60; 
Löser, Bach, and Müller, 2002, p. 50.

Meandraraea sauteri (Fel�x, 1891).  Wells, 1932, p. 251; 
Löser, 2006, p. 39, figs. 4B-C.

Meandrarea ? sauteri (Fel�x, 1891).  Wells, 1933, p. 90.
Meandrophyllia sauteri (Fel�x, 1891).  Wells, 1944b, p. 439.

Description.  Corallum colon�al, attached, cer�o�d to 
meandro�d, mass�ve, hem�spher�cal, costate, and med�um 
to relatively large in size, the figured specimen 14 cm in 
d�ameter and 5 cm �n he�ght.  Colony format�on by d�- or 
tr�stomodaeal �ntratentacular budd�ng w�th �nd�rect trabecular 
linkages.  Corallites typically well-defined, prismatic to 
flabellate in shape, often linearly arrayed within series walls.  
Ser�es d�scont�nuous, narrow, subpr�smat�c or subcyl�ndr�cal, 
and often laterally elongate and �rregularly shaped.  W�dth of 
ser�es (LCD) var�able, 5-7 mm, and up to as much as 20 mm 
�n length (GCD).  Ser�es centers typ�cally laterally spaced 
4-6 mm apart.  Coll�nes cont�nuous, curved to s�nuous, low, 
broad and ridge-like with sharp crests defined by septocostal 
ornamentat�on.  He�ght of coll�nes 1-2 mm, w�dth of coll�nes 
vaguely delineated due to confluence of septocostae with 
septa.  Ambulacrum absent.

Calices well-defined, monocentric to polycentric 
w�th�n the ser�es; cal�ces essent�ally equal to ser�es.  Cal�cular 
marg�ns subpolygonal to subc�rcular to h�ghly ell�pt�cal or 
laterally elongate.  Depth of cal�ces 1-2 mm.

Septa well-developed, exsert as septocostae, lam�nar 
and sol�d per�pherally but �rregularly sparsely perforate or 
fenestrate oral-ax�ally and espec�ally near to columella.  Septal 
perforat�ons about 0.3 mm �n d�ameter.  Septa structurally 
cont�nuous as septocostae.  Septa rad�ally arrayed around 
corall�te ax�s, from 30 to 38 �n number, more numerous on 
elongate corall�tes, hexameral symmetry weakly developed 
or absent, and often b�laterally symmetr�cal w�th�n laterally 
elongate ser�es.  Septa apparently �n at least three complete 
cycles w�th a port�on of the fourth cycle usually present 
also.  S�ze relat�onsh�p among septa: S1≥S2>S3>S4.  Septa 
blade-shaped �n cross sect�on, stra�ght or sl�ghtly curved, and 
approx�mately 0.1 mm �n w�dth.  S1 and S2 typ�cally extended 
from wall to columella.  S3 s�m�lar to those of the earl�er 
cycles, only sl�ghtly shorter.  S4 about half the length of the S3, 
the cycle character�st�cally �ncomplete.  W�dth of �nterseptal 
spaces from one to two t�mes w�dth of adjacent septa.  Lateral 
surfaces of septa generally smooth but frequently �nterrupted 
by granulat�ons or car�nae, both of wh�ch may be the result 
of the format�on of endothecal d�ssep�ments.  Septal marg�ns 
commonly beaded or dentate, the oral-ax�al port�ons often 
lacerate �n appearance.  Inner marg�ns of S1 and S2 loosely 
�ntermeshed w�th columella.

Columella well-developed, trabecular, orally pap�llose 
and vert�cally cont�nuous.  Columella composed of several 
loosely �ntermeshed ax�al trabeculae contr�buted to by ax�al 
trabecular extens�ons from the �nner marg�ns of the S1 and S2, 
the entire structure about 1 mm in width, or one-fifth the di-
mens�on of the LCD.  Columella laterally elongate and con-
t�nuous between the cal�cular centers of polycentr�c cal�ces.

Wall weakly developed, pr�mar�ly synapt�culothecal 
orally and secondar�ly parathecal aborally.  Synapt�culae of 
wall vert�cally spaced about 2 rods per mm.  Wall commonly 
developed only between ser�es and not between polycentr�c 
cal�ces w�th�n ser�es.  Endothecal d�ssep�ments well-
developed, d�scont�nuous and abundant; tabular near ax�al 
reg�ons of corall�tes and ves�cular (paratheca) �n per�pheral 
reg�ons near wall.  D�ssep�ments spaced 0.5-0.8 mm apart.

Costae well-developed, subequal �n s�ze or occas�onally 
d�morph�c, �n the latter case arrayed �n alternat�ng fash�on.  
Costae structurally s�m�lar to and cont�nuous w�th septa, only 
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sl�ghtly th�cker �n w�dth.  Costae blade-l�ke, upper edges sharp 
and beaded, lateral surfaces vert�cal.  Intercostal furrows 
narrow and deep, the crests of costae laterally spaced about 
0.5 mm apart, or 10-12 costae per 4 mm.  Costae typ�cally 
confluent between adjacent series.

Material examined.  The descr�pt�on �s based on two coralla: 
IGM-7020, w�th three th�n sect�ons (TZ-51, TZ-55, and TZ-
57), a spec�men w�th a well-preserved exter�or surface; and 
IGM-7021, w�th two th�n sect�ons (TZ-58 and TZ-59), a 
spec�men w�th some rel�cs of skeletal arch�tecture preserved 
�n a few small patches.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es was or�g�nally descr�bed from the Lower 
Cretaceous strata �n the v�c�n�ty of Tehuacán, state of Puebla, 
Mex�co.  No other occurrences are known.

 
Discussion.  The morpholog�cal character�st�cs of the 
coralla descr�bed above are the same as those descr�bed for 
Meandrophyllia sauteri (Fel�x, 1891), therefore the coralla 
are referred to that spec�es.  Although th�s spec�es has been 
ment�oned several t�mes �n the d�scuss�ons of other related 
forms (see synonymy), the mater�al exam�ned here�n �s the 
only other occurrence recorded �n the l�terature.

Fam�ly S�derastre�dae Vaughan and Wells, 1943
Genus Siderofungia Re�s, 1889

Type species.  Columnastraea bella Reuss, 1869 (p. 243, pl. 
21, figs. 5a, 5b) by original designation (Reis, 1889, 
p. 110-111, pl. 4, figs. 19a, b).

Siderofungia irregularis Felix, 1891
F�gure 23

Siderofungia irregularis Felix, 1891, p. 151-152, pl. 22, figs. 
12, 12a; Fel�x, 1914a, p. 45; Wells, 1932, p. 250, 
pl. 35, fig. 3, pl. 39, fig. 2; eguchi, 1933, p. 123; 
Bendukidze, 1961, p. 31, pl. 3, fig. 5; turnšek, 1992, 
p. 165; Baron-Szabo and Steuber, 1996, p. 27, pl. 16, 
fig. 5; Császár and turnšek, 1996, p. 434, fig. 8.14.

Synastrea irregularis (Fel�x, 1891).  Hedberg and Pyre, 1944, 
p. 7.

Periseris irregularis (Fel�x, 1891).  Wells, 1944b, p. 439, 
pl. 71, fig. 4; Wells, 1956, p. F380; von der Osten, 
1957a, p. 697; 1957b, p. 572, 573, 576, pl. 63, figs. 
11, 14; Reyeros, 1983, p. 21-22, pl. 8, fig. 2, pl. 9, 
fig. 1.

Siderastraea (Siderofungia) irregularis (Fel�x, 1891).  
turnšek and Mihajlović, 1981, p. 34, pl. 39, figs. 3-
4.

Siderastrea irregularis (Fel�x, 1891).  Löser, Bach, and 
Müller, 2002, p. 62.

Thamnoseris irregularis (Fel�x, 1891).  Löser, 2006, p. 50.

Description.  Corallum colon�al, attached, cer�o�d, mass�ve, 
hemispherical, septocostate, small to medium in size: figured 
spec�men 55 x 80 mm �n d�ameter and 40 mm �n he�ght.  
Colony format�on by d�stomodaeal �ntratentacular budd�ng 
w�th lamellar l�nkages.

Corall�tes pr�smat�c and arranged d�rectly adjacent to 
each other, ambulacrum absent.  Calices well-defined by 
walls, typ�cally monocentr�c, and orally concave or funnel-
shaped.  Cal�cular marg�n usually polygonal, four to s�x s�ded, 
or �rregularly polygonal or subpolygonal �n outl�ne.  Cal�cular 
marg�n laterally elongate �f �n the process of �ntratentacular 
budd�ng.  CD of monocentr�c cal�ces var�able from 3-7 mm, 
but typ�cally 5-6 mm on well-developed, mature corall�tes.  
GCD of cal�ces �n process of budd�ng laterally elongate 
up to about 10 mm.  Depth of cal�ces 1-3 mm.  Cal�cular 
centers typ�cally sl�ghtly less than 1 mm �n d�ameter, those of 
adjacent corall�tes spaced about 3-4 mm apart.

Septa well-developed, generally non-exsert, lam�nar 
and pr�mar�ly sol�d but occas�onally �rregularly perforate 

F�gure 22.  Meandrophyllia sauteri (Fel�x, 1891), IGM-7020, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mexico.  1, Portion of the oral surface along the margin of the corallum, scale bar = 1 cm; 2, detail of oral surface, centers of calices partly filled by limestone 
matrix, scale bar = 1 cm; 3, longitudinal thin section, oral ends of septocostae along top margin of figure, scale bar = 1 cm; 4, transverse thin section, same 
scale as F�gure 22.3; 5, long�tud�nal th�n sect�on, deta�l of septa, scale bar = 1 mm; 6, transverse th�n sect�on, deta�l of columella and ax�al port�ons of septa, 
same scale as F�gure 22.5; 7, long�tud�nal th�n sect�on, deta�l of ves�cular paratheca �n v�c�n�ty of wall reg�on, same scale as F�gure 22.5; 8, transverse th�n 
sect�on, deta�l of septocostae and wall zone, same scale as F�gure 22.5.
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orally and ax�ally �n v�c�n�ty of columella.  Septal trabeculae 
�ncl�ned toward ax�s of corall�te, the�r angle of d�vergence 
from the wall about 30-40 degrees.  Septa structurally 
cont�nuous onto edge of cal�cular marg�n as low septocostae.  
Number of septa var�able, typ�cally 40 to 50 on mature, 
monocentr�c cal�ces, but more numerous on laterally elongate 
cal�ces �n the process of budd�ng.  Septa weakly hexamerally 
symmetr�cal due to unequal development of septal cycles, 
e�ther ontogenet�cally advanced or retarded w�th�n d�fferent 
parts of the same corall�te.  Septa typ�cally arrayed �n at 
least four cycles, the first three cycles usually complete, 
the fourth cycle nearly fully developed.  Some septa of fifth 
cycle occas�onally present, but very rarely.  S�ze relat�onsh�p 
among septa: S1≥S2>S3>S4>S5.  Septa generally blade-shaped 
�n cross sect�on, stra�ght or gently curved, and th�n, the S1 and 
S2 only about 0.1-0.2 mm �n w�dth, that of h�gher cycles only 
sl�ghtly th�nner.  S1 and S2 typ�cally extended from wall to 
per�meter of ax�al reg�on at cal�cular center.  S3 typ�cally about 
two-th�rds the length of the S2, laterally free orally and fused 
to the parental S2 aborally.  Length of S4 about half that of the 
S3.  S5 weakly developed when present, the�r length usually 
only about half that of the adjacent parental S4.  Interseptal 
spaces 0.2-0.3 mm �n w�dth, or approx�mately equal to, or 
sl�ghtly greater than, the w�dth of the adjacent septa.  Lateral 
surfaces of septa ornamented w�th a dense array of coarse, 
con�cal granulat�ons w�th po�nted term�nat�ons.  Upper 
port�ons of septal marg�ns granulated or beaded, a result of 
septal trabeculae extended orally from the edges of septa; 
beads spaced about 4 per mm along septal marg�ns.  Short, 
laterally free, pal�-l�ke trabecular rods extended orally from 
upper, ax�al �nner marg�ns of S1 and S2.  Inner marg�ns of 
septa of lower cycles somet�mes th�ckened ax�ally �n aboral 
reg�on of corall�te and often �nterm�ttently fused to each 
other w�th laterally extended trabeculae and to columella 
w�th ax�ally extended trabeculae.  Septa of laterally adjacent 
corall�tes commonly arrayed �n alternate fash�on at the�r 
mutual junct�on and fus�on w�th wall.

Columella well-developed, trabecular, orally pap�llose, 
fa�rly dense, vert�cally cont�nuous, and about 1 mm �n 

d�ameter.  Columella often w�th a s�ngle, nearly ax�ally 
pos�t�oned, styl�form trabecular rod surrounded by about 8-12 
add�t�onal trabecular pap�llae of septal(?) or�g�n.  Columella 
contr�buted to by ax�al trabecular extens�ons from �nner 
marg�ns of S1 and S2.

Wall usually well-developed, weakly synapt�culothecal, 
secondar�ly parathecal, and var�able �n th�ckness, about 0.2-
0.4 mm.  Wall commonly composed of the �ntermeshed, 
per�pheral edges of septa of two adjacent corall�tes �n an 
alternate fash�on and often appears as a z�g-zag structure 
�n transverse cross sect�on due to �ncorporat�on and lateral 
fusion of halves of nonconfluent septa of adjacent corallites 
�nto a fused, shared structure.  Wall secondar�ly parathecal.  
Endothecal d�ssep�ments well-developed, abundant, th�n, 
often laterally cont�nuous, generally gently �ncl�ned away 
from corall�te ax�s, and mostly h�ghly ves�cular ax�ally and 
tabular abax�ally.  Ves�cular d�ssep�ments convex orally and 
vert�cally spaced about 4-5 per mm.  Tabular d�ssep�ments 
vert�cally spaced about 3 per mm.

Septa structurally cont�nuous �nto wall as septocostae.  
Septocostae usually sl�ghtly w�der than septa, fa�rly low, 
the�r marg�ns w�th a beaded ornamentat�on the same as that 
of the septal marg�ns.  Septocostae of adjacent corall�tes 
occasionally confluent, but most typically nonconfluent.  
Septocostae often b�furcated at junct�on w�th wall, each of 
the septal halves structurally comb�ned w�th a septal half 
from the adjacent corall�te and �ntermeshed to form a fused, 
shared, wall structure.  Septocostae spaced about 3 per mm 
along oral edge of wall.  W�dth of �ntercostal furrows equal 
to w�dth of �nterseptal spaces.

Material examined.  One corallum, IGM-7022, with three 
th�n sect�ons (TZ-46, TZ-47, and TZ-47a).  The spec�men 
is mostly recrystallized and silicified.  In addition, corallum 
IGM-7023 �s quest�onably referred to th�s spec�es.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 

F�gure 23.  Siderofungia irregularis Fel�x, 1891, IGM-7022, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, Mex-
ico.  1, Portion of the oral surface, scale bar = 1 cm; 2, detail of oral surface, scale bar = 1 cm; 3, transverse thin section, mostly recrystallized and silicified, 
scale bar = 1 cm; 4, long�tud�nal th�n sect�on, same scale as F�gure 23.3; 5, transverse th�n sect�on, deta�l of wall reg�on and port�ons of two adjacent coral-
l�tes, scale bar = 1 mm; 6, long�tud�nal th�n sect�on, wall zone at center, same scale as F�gure 23.5; 7, long�tud�nal th�n sect�on of one corall�te, synapt�culae 
between septa shown at right center of figure, weakly preserved wall zone along left margin, same scale as Figure 23.5; 8, longitudinal thin section, detail 
of parathecal wall zone of ves�cular d�ssep�ments, scale bar = 1 mm.
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south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es was or�g�nally descr�bed from the Lower 
Cretaceous (Apt�an) strata near Tehuacán, state of Puebla, 
Mexico.  Other reported occurrences of this species in the 
Amer�cas are from: the Lower Cretaceous strata near San 
Pedro Yucunama, Río M�xteco, and El Rodeo Tamazulapan, 
state of Oaxaca, Mexico; the lower Albian lower Glen Rose 
along the Blanco R�ver, Hays County, and the basal Glen 
Rose along the Guadalupe R�ver, Comal County, Texas; the 
upper Apt�an-lower Alb�an upper Barranquín Format�on, 
state of Sucre, eastern Venezuela.

Th�s spec�es also has been reported from: the Hauter�v�an 
of Cr�mea; the Hauter�v�an-Apt�an of the Mecsek Mounta�ns, 
Hungary; the Barrem�an-lower Apt�an of eastern Serb�a; and 
the lower Apt�an of Greece.

Discussion.  The morpholog�cal character�st�cs of the 
spec�men descr�bed above are the same as those typ�cally 
attr�buted to Siderofungia irregularis, therefore the spec�men 
�s referred to that spec�es.  The holotype reportedly had been 
located w�th�n the Fel�x collect�on at Le�pz�g, but subsequently 
�t was m�splaced before �t could be photographed and 
stud�ed �n deta�l (Löser, 2006, p. 51).  Therefore, the gener�c 
assignment and species synonymy given above reflect those 
that have been presented �n earl�er stud�es of th�s taxon.

Suborder M�crosolen�na Morycowa and Ron�ew�cz, 1995
Fam�ly Latomeandr�dae Allo�teau, 1952

Genus Fungiastraea Allo�teau, 1952

Type species.  Astrea laganum Bla�nv�lle, 1834, non M�chel�n, 
1841 (p. 19, pl. 4, figs. 9a, 9b) (Löser, 1994)

.
Fungiastraea crespoi (Felix, 1891)

F�gure 24

Thamnastraea crespoi Felix, 1891, p. 146, pl. 22, fig. 5; 
Fel�x, 1914a, p. 51; ?Ackermann, 1932, p. 10-11.

Thamnasteria crespoi (Fel�x, 1891).  Wells, 1933, p. 90; 
Reyeros-Navarro, 1963, p. 4-5, pl. 1, figs. 1, 4; 
Reyeros, 1983, p. 15, pl. 2, figs. 1, 2.

Synastrea sp. cf. S. crespoi (Fel�x, 1891).  Wells, 1948, p. 
615, pl. 90, fig. 12.

Synastrea crespoi (Fel�x, 1891).  Wells, c�ted �n Barr, 1962, 
p. 394.

Fungiastraea crespoi (Fel�x, 1891).  Löser, 1994, p. 66-68, 
text figs. 52, 53, 54, pl. 9, fig. 4, pl. 11, fig. 8, 9; 
Baron-Szabo and Steuber, 1996, p. 27, pl. 16, figs. 
2, 3; Sanders and Baron-Szabo, 1997, p. 74, pl. 21, 
fig. 8; Baron-Szabo, 1997, p. 87-88, pl. 16, fig. 3; 
Baron-Szabo and González-León, 1999, p. 490, figs. 
5a, 6�.

Astraeofungia crespoi (Fel�x, 1891).  Löser, 2006, p. 48.

Description.  Corallum colon�al, attached, thamnastero�d, 
mass�ve, hem�spher�cal, costate, and relat�vely small �n s�ze: 
largest of two spec�mens 90 x 70 mm �n w�dth and 55 mm �n 
he�ght.  Colony format�on by polystomodaeal �ntratentacular 
budd�ng w�th lamellar l�nkages.  Corall�tes typ�cally laterally 
confluent with each other, walls generally absent.

Cal�ces d�st�nct, monocentr�c, marg�ns generally 
subc�rcular to rounded polygonal �n outl�ne.  CD var�able 
from 5 to 8 mm, but generally poorly del�neated due to 
overall pauc�ty of wall structures.  Depth of cal�ces about 1.5 
mm.  Cal�cular centers concave, often p�t-l�ke, about 1 mm �n 
d�ameter, and typ�cally spaced 4-8 mm apart.

Septa well-developed, exsert, lam�nar, perforate 
per�pherally to h�ghly fenestrate ax�ally, structurally 
cont�nuous as septocostae.  Trabecular arch�tecture not 
preserved.  Septa rad�ally arrayed around corall�te ax�s, 16 
to 38 �n number, weakly hexamerally symmetr�cal.  Septa 
typ�cally not d�fferent�ated �nto d�st�nct cycles, although the�r 
number �nd�cates the presence of from just more than two 
(16 septa) to nearly four (38 septa) complete cycles.  S�ze 
relat�onsh�p among septa: S1=S2≥S3>S4.  Septa blade-shaped 
�n cross sect�on, stra�ght or curved, about 0.2 to 0.5 mm �n 
w�dth, the w�dest port�on most d�stal to the corall�te ax�s.  

F�gure 24.  Fungiastraea crespoi (Fel�x, 1891), Cumbur�nd�o Format�on, lower Apt�an, reef hor�zon at the top of Loma de San Juan, Tur�tz�o, State of M�-
choacán, Mex�co.  1, IGM-7025, oral surface of corallum, scale bar = 1 cm; 2, IGM-7024, long�tud�nal th�n sect�on, same scale as F�gure 24.1; 3, deta�l of 
same th�n sect�on, scale bar = 1 mm; 4, same corallum, transverse th�n sect�on taken just below oral surface, same scale as F�gure 24.1; 5, same th�n sect�on, 
deta�l of septocostae of two adjacent corall�tes, same scale as F�gure 24.3; 6, same corallum, transverse th�n sect�on taken just below oral surface, near edge 
of upper surface of corallum, same scale as F�gure 24.1; 7, same th�n sect�on, deta�l of septa and columella at corall�te center, same scale as F�gure 24.3.
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Most of the septa of the first two and part of the third cycles 
typ�cally extended �nto the ax�al reg�on of the corall�te where 
they frequently become �nterm�ttently fused or �ntermeshed 
w�th the columella.  Septa of h�gher cycles usually only 
developed �n per�pheral reg�ons and much shorter than those 
of earl�er cycles.  Interseptal spaces about 0.3 mm �n w�dth, 
or about equal to w�dth of septa.  Synapt�culae sparsely 
d�str�buted ax�ally but frequently formed between septa and 
commonly more abundant �n per�pheral reg�ons of corall�tes.  
Lateral surfaces of septa uneven, granulated or ornamented 
by cont�nuous, undulated r�dges or car�nae formed by septal 
trabeculae.  Septal car�nae �ncl�ned toward corall�te ax�s 
and spaced about 5 per mm along length of septum.  Septal 
marg�ns beaded along upper edges.

Pal�-l�ke structures or septal sp�nes extended orally 
from the h�ghly fenestrate �nner marg�ns of septa �n ax�al re-
g�ons of corall�tes d�rectly adjacent to columella.  Columella 
appears trabecular and orally pap�llose, formed by an �nter-
meshed network of the septal extens�ons ment�oned above, 
and about 1 mm �n d�ameter.  However, the columella al-
ternat�vely may be descr�bed as a weakly developed s�ngle, 
d�scont�nuous, narrow, cyl�ndr�cal style about 0.2 mm �n d�-
ameter that �s �nterm�ttently contr�buted to by, or fused w�th, 
lateral trabecular extens�ons of the �nner marg�ns of septa.

Wall absent or very weakly developed and 
synapt�culothecal.  Endothecal d�ssep�ments usually well-
developed, ves�cular, laterally d�scont�nuous, very th�n, 
espec�ally common �n per�pheral zone of corall�te, and 
vert�cally spaced about 0.2 mm apart, or 4-5 per mm.

Costae well-developed, robust, structurally cont�nuous 
with septa as septocostae, and confluent with those of 
adjacent corall�tes �n groups of about s�x or e�ght.  Lateral 
surfaces of costae and costal marg�ns ornamented the same 
as those features of the septa.  Intercostal spaces about 0.3 
mm �n w�dth, or approx�mately equal to w�dth of adjacent 
costae.

Material examined.  The descr�pt�on �s based on two 
spec�mens: corallum IGM-7024, w�th three th�n sect�ons 
(tZ-03 through tZ-05); and figured specimen IGM-7025.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es also has been reported from the Apt�an of 
the state of Puebla, the m�ddle Alb�an of the state of Sonora, 
the Lower Cretaceous of the state of Oaxaca, and the Lower 
Cretaceous of Tr�n�dad.  The reported European occurrences 
of th�s spec�es are from the lower Apt�an and upper Turon�an-
lower Con�ac�an of Austr�a, the Apt�an of Greece, and the 
lower Apt�an and lower Cenoman�an of Germany.

Discussion. The morpholog�cal character�st�cs of the 
exam�ned spec�mens are the same as those descr�bed for 
Fungiastraea crespoi, therefore the coralla are referred to 
that spec�es.  Th�s spec�es was or�g�nally descr�bed from the 
state of Puebla, Mex�co.  The type spec�men reportedly �s lost 
(Löser, 2006, p. 48). 

Fam�ly M�crosolen�dae Koby, 1890
Genus Microsolena Lamouroux, 1821

Type species.  Microsolena porosa Lamouroux, 1821 (p. 65, 
pl. 74, figs. 24-26).

Microsolena guttata Koby, 1897
F�gure 25

Microsolena guttata Koby, 1897, p. 83-84, pl. 21, figs. 1, 
1a, 2, 2a, 2b; Wells, 1932, p. 252; Wells, 1948, p. 
615; Bendukidze, 1961, p. 31-32, pl. 3, figs. 6a, 6b; 
turnšek and Buser, 1974, p. 101, 117, pl. 11, fig. 1; 
Sikharulidze, 1979, p. 303; turnšek and Mihajlović, 
1981, p. 35, pl. 41, figs. 1-5; ?Scott, 1984a, p. 342, 
344, pl. 2, fig. 11; Sikharulidze, 1985, p. 47-48, pl. 
22, fig. 2; Kuzmicheva, 1988, p. 172, pl. 7, figs. 
1a, b; Turnšek, 1992, p. 164; Császár and Turnšek, 
1996, p. 434, fig. 7.2; turnšek, 1997, p. 129, pl. 129, 
figs. a, b, c.

F�gure 25.  Microsolena guttata Koby, 1897, IGM-7026, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, Mex�co.  
1, Oral view of a portion of the weathered upper surface, scale bar = 1 cm; 2, transverse thin section, same scale as Figure 25.1; 3, longitudinal thin section, 
same scale as F�gure 25.1; 4, transverse th�n sect�on, deta�l of corall�te, scale bar = 1 mm; 5, long�tud�nal th�n sect�on, deta�l of fenestrate septocostal struc-
ture, same scale as F�gure 25.4; 6, transverse th�n sect�on, deta�l of small, newly budded corall�te, same scale as F�gure 25.4.
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Description.  Corallum colon�al, attached, thamnastero�d, 
mass�ve, septocostate, and relat�vely small �n s�ze.  Colony 
format�on by �ntratentacular marg�nal budd�ng.

Corall�tes generally subcyl�ndr�cal to subpr�smat�c �n 
shape and laterally confluent with each other.  Calices super-
ficial, monocentric, centers well-defined, margins subcircular 
to subpolygonal �n outl�ne and only weakly del�neated.  CD 
ranges from 3.5 to nearly 7 mm, but most commonly about 
5 mm.  Cal�cular centers approx�mately 1 mm �n d�ameter, 
concave orally, and spaced 3.5 to 6.5 mm apart.

 Septa well-developed, weakly exsert and h�ghly fe-
nestrate.  Septa typ�cally cont�nuous beyond cal�cular marg�n 
as confluent septocostae.  Septa radially arrayed from cali-
cular center, typ�cally 30 to 38 �n number, weakly hexam-
erally symmetr�cal, and apparently �n three complete cycles 
w�th a port�on of the fourth cycle typ�cally present also.  S�ze 
relat�onsh�p among septa: S1≥S2>S3>S4.  Septa subequal �n 
w�dth, about 0.2 mm, or the w�dth of the septal trabecular 
rods, and prox�mally blade-shaped �n cross sect�on.  S1 typ�-
cally extended �nto corall�te ax�s, the �nner marg�ns common-
ly loosely fused to each other.  Length of S2 usually equal to 
or only sl�ghtly shorter than that of the S1.  S3 �nserted close 
to corall�te ax�s, but not�ceably shorter �n length than the S2.  
Some S4 commonly present, but the cycle �s typ�cally �ncom-
plete.  S4 much shorter than the S3, �nserted nearer to cal�cular 
marg�n than to cal�cular center.  W�dth of �nterseptal spaces 
approx�mately equal to w�dth of septa.  Synapt�culae abun-
dant, rod-shaped, structurally s�m�lar to septal trabeculae, of-
ten laterally cont�nuous, and cons�stently evenly d�str�buted 
between septa at about 4 per mm both vert�cally and laterally.  
D�ameter of synapt�culae equal to that of septal trabeculae, 
about 0.2 mm.  Lateral surfaces of septa uneven, undulated 
by fenestrate trabecular structure of septa, and frequently 
�nterrupted by laterally extended synapt�cular trabeculae.  
Septal marg�ns robustly beaded orally due to d�stal extens�on 
of septal trabeculae.  D�ameter of septal beads approx�mately 
0.2 mm, the same as the septal trabeculae, and spaced about 4 
per mm along septal marg�ns.  Inner marg�ns of S1 commonly 
�nterm�ttently fused to each other �n ax�s of corall�te.  Inner 
marg�ns of S2 typ�cally laterally free; those of the S3 and S4 
laterally free orally but commonly fused to the parent septum 
�n the aboral reg�on of the corall�te.

Columella weakly developed, trabecular, d�scont�nuous, 
and apparently formed by loosely fused �nner marg�ns of S1.  
W�dth of ax�al structure about 0.8-1.0 mm �n d�ameter.  Some 

cal�ces exh�b�t a small, s�ngle, cyl�ndr�cal trabecular rod or 
lath �n the corall�te ax�s.

Wall e�ther absent or weakly developed and formed 
from synapt�cular r�ngs �n v�c�n�ty of cal�cular marg�n.  
Endotheca and exotheca not observed.

Surface of corallum septocostate.  Septocostae 
structurally the same as the septa, typically laterally confluent 
w�th those of adjacent corall�tes, and closely spaced at about 
3-4 per mm laterally.  Septocostal marg�ns robustly beaded, 
the arrangement and s�ze of the ornamentat�ons �dent�cal to 
those character�st�cs as g�ven above for the septa.

Material examined.  two small coralla: the figured specimen, 
IGM-7026, about 50 x 50 mm �n w�dth and 35 mm �n he�ght, 
w�th four th�n sect�ons (TZ-42 through TZ-45); and IGM-
7027, about 60 x 75 mm �n w�dth and 35 mm �n he�ght, w�th 
one th�n sect�on (TZ-56).

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es also has been reported from the Urgon�an 
of Sw�tzerland (Morteau, the type local�ty), the Barrem�an 
of Georg�a and Azerba�dzhan, the Barrem�an-Apt�an of 
Sloven�a and Cr�mea, and the Lower Cretaceous of Hungary.  
A spec�men from the Lower Cretaceous (upper Berr�as�an-
Valang�n�an) Knowles L�mestone of Texas (Scott, 1984a) �s 
very s�m�lar to th�s spec�es, but the d�ameter of the cal�ces �s 
sl�ghtly smaller.

Discussion.  The morpholog�cal character�st�cs of the 
spec�mens are the same as those typ�cally attr�buted to 
Microsolena guttata, therefore the coralla are referred to that 
spec�es.  The Mex�can spec�mens descr�bed above possess 
corall�tes from 3.5 to about 7 mm �n d�ameter w�th cal�cular 
centers spaced 3.5-6.5 mm apart and 6-7 septocostae �n 2 
mm.  These character�st�cs are most s�m�lar to those recently 
descr�bed (Turnšek, 1997, p. 129) for M. guttata.

Several other spec�es of th�s genus have been reported 
from the Cretaceous of Mex�co and adjacent reg�ons, but 
none of them appears to be conspecific with the Mexican 
spec�mens descr�bed above.  Microsolena texana Wells, 
1932 (p. 252-253, pl. 37, fig. 5, pl. 35, fig. 2), a species from 
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the lower Glen Rose (lower Alb�an) of Texas, has corall�te 
centers spaced more w�dely (average of 7.5 mm), a larger 
number of septa (40-50), and relat�vely fewer septocostae (6 
per 5 mm).  Another spec�es from Texas, M. williamsonensis 
Wells, 1944a (p. 100, pl. 20, figs. 1-4) from the Buda 
L�mestone (Cenoman�an), possesses relat�vely smaller 
features: corall�tes are more closely spaced, the�r centers 
from 2 to 3 mm apart, and septocostae are more abundant, 30 
�n 5 mm (or 12 �n 2 mm).

Two spec�es of th�s genus have been descr�bed from 
the Lower Cretaceous of Tr�n�dad: M. kugleri Wells, 1948 
(p. 615, pl. 91, figs. 3-5) and M. delicatula Wells, 1948 (p. 
615, pl. 91, figs. 6, 7).  Both species possess smaller corallites 
w�th centers that are more closely spaced (3-5 mm and 2-5 
mm, respect�vely) and relat�vely more abundant septocostae 
(10 per 2 mm and 8-10 per 2 mm, respect�vely).  The only 
prev�ously observed morpholog�cal d�st�nct�on between 
M. kugleri and M. guttata concerned the d�stance between 
cal�cular centers, a d�mens�on wh�ch had been cons�dered to 
be cons�stently greater �n the latter spec�es (5-6 mm) (Wells, 
1948).  However, the d�stance between cal�cular centers of M. 
guttata g�ven �n one of the most recent descr�pt�ons (Turnšek, 
1997, p. 129) �s 4-6 mm, wh�ch �nd�cates that some overlap 
�n th�s d�mens�on ex�sts w�th M. kugleri.  Therefore, there �s 
even less morpholog�cal d�fference than �n�t�ally recogn�zed 
and the d�st�nct�on between these two spec�es �s less certa�n.  
The latter spec�es also has been reported from Alb�an strata 
�n the northern part of the state of Sonora, Mex�co (McKee 
and Anderson, 1998, p. 1522).

Other occurrences of species of this genus that have been 
reported from the Lower Cretaceous of North Amer�ca �nclude 
M. distefanoi (Prever, 1909) from the Knowles L�mestone 
�n the subsurface of Texas (Scott, 1984a), and M. distefanoi 
and M. kobyi Prever, 1909, from the state of Sonora, Mex�co 
(Baron-Szabo and González-León, 1999).  The Latimaeandra 
sp. descr�bed by Fel�x (1891, p. 149) also may belong to th�s 
genus.  Microsolena sp. Hamilton, 1956 (p. 59-60, pl. 6, fig. 4), 
a spec�es dredged from Hess Guyot, also appears to be s�m�lar, 
except the cal�cular centers are more w�dely spaced.

Genus Polyphylloseris Fromentel, 1857

Polyphylloseris Fromentel, 1857, p. 67-68; Wells, 1956, p. 
F392; 1986, p.52.

Mastophyllia Felix, 1891, p. 146; Oppenheim, 1930, p. 215.

Type species.  Polyphyllastrea convexa d’Orbigny, 1849, by 
subsequent des�gnat�on (Wells, 1936, p. 126).

Polyphylloseris conophora (Felix, 1891)
F�gure 26

Mastophyllia conophora Felix, 1891, p. 146-147, pl. 23, figs. 
9, 9a; Oppenheim, 1930, p. 218; Wells, 1932, p. 251; 
Wells, 1986, p. 38.

Polyphylloseris conophora (Fel�x, 1891). ?Reyeros-Navarro, 
1963, p. 15-16, pl. 4, figs. 1-6; Löser, Bach, and 
Müller, 2002, p. 60; Löser, 2006, p. 44, figs. 4H-I.

Description.  Corallum colon�al, attached, thamnastero�d, 
pedunculate, fol�aceous, d�sk-shaped, and large �n s�ze, 
the exam�ned spec�men a fragment about 20 cm �n length, 
20 cm �n w�dth, and 8 cm �n he�ght.  Colony format�on by 
polystomodaeal �ntratentacular marg�nal budd�ng.  Corall�tes 
confluent, generally cylindrical, commonly protuberant, 
closely spaced and fa�rly evenly d�str�buted on upper 
surface of corallum.  Corallite walls weakly defined by 
synapt�culae.

Mature cal�ces set �n centers of protuberant cyl�ndr�cal 
or dome-shaped bosses or bourrelets, c�rcular �n outl�ne, 3-
5 mm �n d�ameter and 1-3 mm �n he�ght.  Arrangement of 
cal�ces causes upper surface of corallum to appear somewhat 
ploco�d.  CD vaguely del�neated, range about 3 to 5 mm.  
Calicular surface convex, slightly flattened, and commonly 
w�th centrally located cal�cular p�t about 1 mm �n depth.  
Cal�cular centers spaced 5-9 mm apart.  Cal�cular bosses 
spaced 1-3 mm apart.

Septa well-developed, weakly exsert, h�ghly fenestrate, 
each one formed by a s�ngle fan system of trabeculae.  Septa 
cont�nuous beyond cal�cular marg�ns as septocostae.  Septa 
var�able �n number, 20 to 24 ax�ally but 50 to about 60 
per�pherally on larger corall�tes, rad�ally arranged around 
corall�te ax�s, weakly hexameral, and apparently �nserted 
�n three or four complete septal cycles w�th a port�on of the 
S5 somet�mes present also.  S�ze relat�onsh�p among septa: 
S1≥S2>S3>S4(>S5).  Septa blade-shaped �n cross sect�on and 
generally straight.  Septa of first and second cycles nearly 
equally developed, about 0.2 mm �n w�dth, and extended 
from wall �nto corall�te ax�s.  S3 usually sl�ghtly shorter 
than septa of earl�er cycles, but commonly some of them 
reach the per�meter of the corall�te ax�s.  S4, and S5 when 
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present, developed per�pherally and typ�cally �ncomplete.  
Interseptal spaces narrower than w�dth of the adjacent septa.  
Synapt�culae commonly well-developed between septa and 
closely spaced.  Lateral surfaces of septa uneven.  Upper 
septal marg�ns beaded.  Inner edges of septa, part�cularly the 
S1 and S2, typ�cally �nterconnected by trabecular extens�ons 
across corall�te ax�s.

Columella weakly to moderately well-developed, 
trabecular, vert�cally cont�nuous and deep �n cal�cular centers.  
W�dth of columella approx�mately equal to or less than one-
fifth of CD.

Wall pr�mar�ly synapt�culothecal, secondar�ly 
re�nforced aborally and ax�ally by endothecal d�ssep�ments.  
Wall h�ghly fenestrate, developed per�pherally �n a narrow 
zone around corall�te about 0.5 mm �n th�ckness.  Endothecal 
d�ssep�ments tabular to ves�cular and often present �n 
c�rcumcolumellar ax�al reg�ons deep �n corall�te.

Coenosteal reg�ons sparsely d�str�buted between 
some corall�tes, h�ghly porous, composed of structural 
cont�nuat�ons of septa and trabecular components, probably 
synapt�culae, extended from the adjacent corall�tes.  
Coenosteal surfaces finely costate or granulated and spinose.  
Surfaces of corallum finely costate both orally and aborally.  
Costae typ�cally appear as low, th�n str�ae or r�dges, spaced 
about four per mm.  Costae on oral upper surface of corallum 
confluent between corallites and structurally continuous 
w�th septa.  Costae on aboral lower surface or unders�de of 
corallum l�near, parallel and cont�nuous, or�ented parallel to 
d�rect�on of growth.  Aboral unders�de of corallum exh�b�ts 
low ampl�tude s�nuso�dal growth r�dges or�ented w�th long 
axes perpend�cular to d�rect�on of growth.  Growth r�dges 
cause unders�de of corallum to appear corrugated.  D�stance 
between crests of growth r�dges about 10 mm.

Material examined.  One large fragment of a corallum, 
IGM-7028, w�th three th�n sect�ons (TZ-24 through TZ-
26).  The upper surface of the corallum �s deeply weathered, 
but the excellent preservation of the fine striae on the lower 
surface clearly �nd�cates that th�s port�on of the colony was 
suspended above the substrate dur�ng growth.  The corallum 

�s recrystall�zed and the major�ty of the or�g�nal structure 
w�th�n the spec�men �s not preserved

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Polyphylloseris conophora (Fel�x, 1891) was �n�t�ally 
descr�bed from the Neocom�an strata near Tehuacán, state of 
Puebla, Mex�co.  Th�s spec�es also has been reported from 
the Lower Cretaceous San Juan Raya Format�on �n the state 
of Puebla, but the specimens probably are not conspecific 
(see d�scuss�on g�ven below).

Discussion.  The morpholog�cal character�st�cs of the 
corall�tes on the Mex�can spec�men descr�bed above are 
the same as those descr�bed for Polyphylloseris conophora 
(Fel�x, 1891), therefore the corallum �s ass�gned to that 
spec�es.  Th�s spec�es and P. polymorpha Fel�x, 1891 (p. 
143-144, pl. 22, figs. 4, 6, 6a) were first described from 
Neocom�an strata near Tehuacán, state of Puebla, Mex�co.  
The latter spec�es d�ffers by the columnar growth form 
of the corallum, the more numerous septa, and the closer 
spaced septocostae.  Polyphylloseris conophora also has 
been descr�bed from the Lower Cretaceous San Juan Raya 
Format�on of Puebla (Reyeros-Navarro, 1963, p. 15-16, 
pl. 4, figs. 1-6).  However, that occurrence is questioned 
�n the spec�es synonymy g�ven above because most of 
those spec�mens have a columnar growth form and larger 
corall�tes w�th more numerous septa.  These character�st�cs 
are more s�m�lar to those of P. polymorpha than those of P. 
conophora.

Another Lower Cretaceous spec�es, P. simondsi (Wells, 
1932) (p. 250-251, pl. 36, figs. 4, 5, pl. 39, fig. 6) from the 
lower Glen Rose of Texas, possesses a corall�te morphology 
and corallum growth form wh�ch are s�m�lar to those of the 
spec�es descr�bed above, but pr�mar�ly d�ffers by the smaller 
number of septa, the weakly developed columella, and the 
w�dely spaced septocostae (5 per 2 mm).

F�gure 26.  Polyphylloseris conophora (Fel�x, 1891), IGM-7028, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mex�co.  1, Weathered upper or oral surface of corallum, scale bar = 1 cm; 2, transverse th�n sect�on taken just below upper surface of corallum, scale bar = 1 
cm; 3, base of corallum, deta�l of long�tud�nal str�ae or costae, same scale as F�gure 26.2; 4, long�tud�nal th�n sect�on, same scale as F�gure 26.2; 5, transverse 
th�n sect�on, deta�l of one corall�te, scale bar = 1 mm; 6, long�tud�nal th�n sect�on, deta�l of fenestrate skeletal structure, same scale as F�gure 26.5.
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Fam�ly Synastrae�dae Allo�teau, 1952
Genus Felixastraea Oppenheim, 1930

Type species.  Cyathoseris zitteli Fel�x, 1903a (p. 227-228, pl. 
22, figs. 2, 2a), by original designation (Oppenheim, 
1930, p. 243-245, pl. 38, figs. 9, 9a, pl. 43, fig. 10).

Felixastraea mexicana Reyeros-Navarro, 1963
F�gure 27

Felixastraea mexicana Reyeros-Navarro, 1963, p. 13-15, 
pl.5, figs. 3, 4.

Description.  Corallum colon�al, attached, generally me-
andro�d, mass�ve, costate, med�um to large �n s�ze.  Colony 
format�on by polystomodaeal �ntramural �ntratentacular bud-
ding with lamellar linkages between centers.  Corallites fla-
bellate and confluent or thamnasteroid within series.  Series 
closely-packed, s�ze var�able, typ�cally expanded laterally up 
to several cm �n length and frequently b�furcated, but narrow 
�n w�dth, only 2 to 5 mm.  Each ser�es cons�sts of one or more 
confluent corallites.  Collines continuous, uniform in size, 
protuberant, h�ghly contorted or s�nuous �n oral v�ew, those 
of adjacent ser�es jo�ned together by narrow zone of ambula-
crum about 0.6 to 1 mm �n w�dth.  Comb�ned w�dth of ambu-
lacrum and adjacent coll�nes about 2.5-4.0 mm.  Coll�nes and 
ambulacrum ornamented with costae.  Calices well-defined 
by coll�nes, mono- to polycentr�c, laterally elongate and con-
torted, frequently b�furcated, CD 2-5 mm, depth 2-4 mm.

Septa well-developed, weakly exsert per�pherally, 
lam�nar, h�ghly fenestrate or perforate, and formed from 
compound trabeculae.  Septa structurally cont�nuous as 
costae across adjacent coll�nes and ambulacrum.  Septa 
numerous, nearly equally developed, arrayed rad�ally from 
cal�ce centers or b�laterally across narrow, elongate cal�ces.  
Number of septal cycles �ndeterm�nable, but apparently three 
to five cycles developed based on the number of septa.  Septa 
blade-shaped �n cross sect�on, stra�ght or curved toward 
corall�te ax�s, and very th�n, 0.2 mm or less �n w�dth.  Most 

septa extended from wall �nto ax�al reg�on.  Interseptal 
spaces equal to or less than w�dth of the adjacent septa.  
Synapt�culae common and espec�ally abundant along wall, 
vert�cally spaced about 0.5 mm apart.  Lateral surfaces of 
septa dentate.  Septal marg�ns h�ghly dentate.  Pal� absent.

Columella weakly developed, trabecular, composed of 
only a few small rods or laths, the w�dth of the ent�re structure 
less than one-th�rd the CD.

Wall pr�mar�ly synapt�culothecal, secondar�ly 
re�nforced and th�ckened basally.  Walls of adjacent ser�es 
connected by narrow ambulacrum.  Endothecal d�ssep�ments 
developed near wall.

Costae well-developed, structurally cont�nuous w�th 
septa but cons�stently th�cker, about 0.2 mm �n w�dth, nearly 
equal �n s�ze and blade-shaped �n cross sect�on w�th vert�cal 
sides and sharp crests.  Costae confluent between adjacent 
ser�es.  Intercostal spaces deep and sl�ghtly narrower than 
costae.  Costal marg�ns dentate.

Material examined.  One specimen, IGM-7029, with two 
th�n sect�ons (TZ-14 and TZ-15).  The colony �s �n fragments, 
mostly recrystallized internally, and partly silicified in a 
th�n layer along the exter�or surface.  A few small, 0.4 mm 
d�ameter tubes, probably commensal serpul�ds, are preserved 
on the outer surface of the corallum.

Occurrence.  Cumbur�nd�o Format�on, lower Apt�an; the 
coral reef hor�zon at the crest of the Loma de San Juan, and 
�n loose debr�s on the western slope of the same h�ll, just 
south of Tur�tz�o, M�choacán, Mex�co.  The coord�nates of 
th�s local�ty are: 18° 31.28’ N, 100° 56.65’ W.

Th�s spec�es was or�g�nally descr�bed from the Lower 
Cretaceous San Juan Raya Format�on �n the state of Puebla, 
Mex�co, wh�ch �s �ts only other reported occurrence.

Discussion.  Oppenheim (1930, p. 242) established the genus 
Felixastraea and des�gnated Cyathoseris zitteli Fel�x, 1903a 
(p. 227-228, pl. 22, fig. 2, 2a), as the type species.  the ge-
nus remained monospecific until Reyeros-Navarro (1963, p. 

F�gure 27.  Felixastraea mexicana Reyeros, 1963, IGM-7029, Cumbur�nd�o Format�on, lower Apt�an, Loma de San Juan, Tur�tz�o, State of M�choacán, 
Mexico.  1, Detail of weathered oral surface of corallum, sinuous colline exposed, calices filled by limestone, scale bar = 1 cm; 2, transverse thin section 
taken just below upper surface of corallum, same scale as F�gure 27.1; 3, oral v�ew of corallum fragment, scale bar = 1 cm; 4, transverse th�n sect�on, deta�l 
of cal�cular center, septa and wall, scale bar = 1 mm; 5, same sect�on, deta�l of coll�ne and adjacent septa, same scale as F�gure 27.4; 6, same sect�on, deta�l 
of septa, cal�cular center toward the left, scale bar = 1 mm.
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13-15) descr�bed Felixastraea mexicana as new.  She d�st�n-
gu�shed F. mexicana from F. zitteli by the var�able he�ghts of 
the cal�ces, the shape of the oral surface of the corallum, the 
general shape and he�ght of the corallum, and the presence 
of fewer septa.  The type spec�men of F. mexicana �s about 
the same �n s�ze as that of F. zitteli based on compar�son of 
the plates given by Reyeros-Navarro (1963, pl. 5, figs. 3, 4) 
and Oppenheim (1930, pl. 38, figs. 9, 9a, pl. 43, fig. 10), re-
spect�vely.  The greater length of the oral surface of the two 
type spec�mens �s about 50 mm on F. mexicana and 58 mm 
on F. zitteli, the d�fference between the two only 8 mm.  The 
corallum descr�bed here�n �s fragmented, but the d�mens�ons 
of the oral surface of the largest fragment are larger than 
both of the aforement�oned type spec�mens, about 70 mm by 
70 mm; �f the corallum �s reconstructed from the assoc�ated 
fragments, the oral surface �s nearly tw�ce as large, about 120 
mm across.  The other areas of supposed d�fferences between 
the two spec�es are, on closer exam�nat�on, actually very d�f-
ficult to confirm.  In general, the corallum size and the other 
character�st�cs wh�ch Reyeros-Navarro ut�l�zed to d�st�ngu�sh 
between the two spec�es are potent�ally h�ghly var�able at the 
spec�es level, espec�ally w�th�n such a growth form as that 
of the members of Felixastraea.  The two spec�es may be 
the same, but exam�nat�on of add�t�onal spec�mens of both of 
them would be necessary to confirm a synonymy.  the type 
spec�es of the genus �s from the Gosausch�chten at Nefgraben 
(Oppenheim, 1930, p. 243).

part 2: Upper alBian-loWer cenomanian 
coral species

the 18 coral species identified from the upper member of 
the Mal Paso Format�on are l�sted below.  Suborders are 
from Turnšek (1997, p. 36) w�th two add�t�ons, �nd�cated 
by an aster�sk (*), from Veron (1995, p. 110).  The poss�ble 
phylogenet�c relat�onsh�ps of the suborders are �nd�cated 
by the�r arrangement �nto four ma�n groups (from Turnšek, 
1997, p. 36).  The placements of the two suborders from 
Veron (1995) w�th�n the four ma�n groups are tentat�ve.

GroUp 1

Suborder Pachythecal��na El�ášová, 1976 (Tr�ass�c)
Suborder Stylophyll�na Beauva�s, 1981a (Tr�ass�c)
Suborder Amph�astre�na Allo�teau, 1952

GroUp 2

Suborder Archaeocoen��na Allo�teau, 1952
 Fam�ly Act�nastrae�dae Allo�teau, 1952
  Genus Actinastrea d’Orbigny, 1849
   Actinastrea guadalupae (Roemer, 1849)
   Actinastrea chumbitaroensis n. sp.
Suborder Styl�n�na Allo�teau, 1952

GroUp 3

Suborder D�st�chophyll��na Beauva�s, 1981a (Tr�ass�c)
Suborder Rh�p�dogyr�na Ron�ew�cz, 1976
 Fam�ly Rh�p�dogyr�dae Koby, 1905
  Genus Preverastraea Beauva�s, 1976
   Preverastraea coatlicuae n. sp.
   Preverastraea tocae n. sp.
Suborder Fav��na Vaughan and Wells, 1943
 Fam�ly Montl�valt��dae D�etr�ch, 1926
  Genus Latiphyllia Fromentel, 1861
   Latiphyllia mexicana n. sp.
  Genus Thecosmilia M�lne Edwards and Ha�me, 1848
   Thecosmilia guerreroensis n. sp.
  Genus Elasmophyllia d’Ach�ard�, 1876
   Elasmophyllia tolmachoffana (Wells, 1932)
  Genus Mycetophyllopsis Oppenheim, 1930
   Mycetophyllopsis azteca n. sp.
Suborder Astreo�na Allo�teau, 1952 *
 Fam�ly Fav��dae Gregory, 1900
  Genus Eohydnophora Yabe and Eguch�, 1936
   Eohydnophora picteti (Koby, 1897)
 Fam�ly Placocoen��dae Allo�teau, 1952
  Genus Columnocoenia Allo�teau, 1952
   Columnocoenia ksiazkiewiczi Morycowa, 1964
Suborder Meandr��na Allo�teau, 1952
 Fam�ly Dendrogyr�dae Allo�teau, 1952
  Genus Orbignygyra Allo�teau, 1952
   Orbignygyra? incognita n. sp.
Suborder Caryophyll��na Vaughan and Wells, 1943
Suborder Dendrophyll��na Vaughan and Wells, 1943 *
 Fam�ly Dendrophyll��dae Gray, 1847
  Genus Blastozopsammia F�lkorn and Pantoja-Alor, 

2004
   Blastozopsammia guerreroterion F�lkorn and 

Pantoja-Alor, 2004
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GroUp 4

Suborder Archaeofung��na Allo�teau, 1952 (Tr�ass�c)
Suborder Fung��na Verr�ll, 1865
 Fam�ly Dermosm�l��dae Koby, 1889
  Genus Epistreptophyllum M�laschew�tsch, 1876
   Epistreptophyllum sp.
 Fam�ly Thamnaster��dae Vaughan and Wells, 1943
  Genus Thalamocaeniopsis Allo�teau, 1953
   Thalamocaeniopsis mexicanensis n. sp.
  Genus Thamnasteria Lesauvage, 1823
   Thamnasteria tonantzinae n. sp.
Suborder M�crosolen�na Morycowa and Ron�ew�cz, 1995
 Fam�ly Cunnol�t�dae Allo�teau, 1952
  Genus Paracycloseris Wells, 1934
   Paracycloseris effrenatus n. sp.
 Fam�ly Latomeandr�dae Allo�teau, 1952
  Genus Ovalastrea d’Orbigny, 1849
   Ovalastrea malpaso n. sp.
 Fam�ly M�crosolen�dae Koby, 1890
  Genus Dimorpharaea Fromentel, 1861
   Dimorpharaea barcenai (Fel�x, 1891)

Class Anthozoa Ehrenberg, 1834
Subclass Zoanthar�a Bla�nv�lle, 1830

Order Scleractinia Bourne, 1900
Suborder Archaeocoen��na Allo�teau, 1952

Fam�ly Act�nastrae�dae Allo�teau, 1952

Genus Actinastrea d’Orbigny, 1849

Type species.  Astrea geminata Goldfuss, 1826 (p. 69-70, pl. 
23, figs. 8e, f; d’Orbigny, 1849, p. 10).

Discussion.  The genus Actinastrea d’Orbigny, 1849 (p. 10), 
and several other genera prev�ously had been cons�dered 
to be jun�or synonyms of Astrocoenia M�lne Edwards and 
Ha�me, 1848b (p. 469) (Vaughan and Wells, 1943, p. 103).  
Actinastrea was later cons�dered to be a taxonom�cally d�s-
t�nct genus and several nom�nal genera that formerly were 
cons�dered to be jun�or synonyms of Astrocoenia were l�sted 
as jun�or synonyms of Actinastrea (Wells, 1956, p. F370).  
One of the junior synonyms of Actinastrea l�sted by Wells 

(1956, p. F370), Enallocoenia d’Orbigny, 1849 (p. 7), sub-
sequently has been cons�dered to be a taxonom�cally d�st�nct 
genus.  The taxonomy of Actinastrea and other morpho-
logically similar nominal genera remains in a state of flux.  
Beauva�s (1964, p. 108-112) rev�ewed the morphology of the 
genera Enallocoenia d’Orbigny, 1849, Allocoenia Étallon, 
1859 (p. 477-478), and Stephanastrea Étallon, 1862 (p. 226, 
258; thurmann and Étallon, 1864, p. 401-402, pl. 57, fig. 2), 
and cons�dered them to be d�st�nct taxa.  Ron�ew�cz (1976, 
p. 34) made a br�ef compar�son of the morpholog�cal charac-
ter�st�cs of these same three genera, Actinastrea d’Orbigny, 
1849, and Coenastrea Étallon, 1862 (p. 226, 258; Thurmann 
and Étallon, 1864, p. 402-403, pl. 57, figs. 3-4).  Stanley and 
Beauva�s (1990, p. 358) noted problems w�th the taxonomy 
of the members of Actinastrea and referred Astrocoenia 
hyatti Wells, 1942b, to the genus Coenastrea Étallon, 1862; 
however, the latter genus prev�ously had been cons�dered to 
be unrecogn�zable (Wells, 1956, p. F437).  It �s ev�dent that 
further work �s needed to clar�fy the taxonomy of Actinastrea 
and the other morpholog�cally s�m�lar genera.

Actinastrea guadalupae (Roemer, 1849)
F�gure 28

Astrocoenia guadalupae Roemer, 1849, p. 391-392; Roemer, 
1852, p. 87, pl. 10, figs. 8a, b; Hill, 1887, p. 302; 
H�ll, 1889b, p. 7; H�ll, 1889c, p. 1, 25; Boyle, 1893, 
p. 54; Vaughan, 1903, p. 39; Fel�x, 1914c, p. 235; 
Wells, 1933, p. 156-158, pl. 18, figs. 11, 12, 13; 
Wells, 1941b, p. 306; Ham�lton, 1956, p. 57; Pr�nz, 
1991, p. 194.

Astrocoenia sanctisabae Roemer, 1852, p. 100; non Wells, 
1933, p. 151-152, 158.

Astrocoenia guadaloupae [s�c] Roemer, 1849.  Meek, 1864, 
p. 2.

non Astrocoenia sanctasabae Roemer, 1852.  Wh�te, 1879, 
p. 268, 269.

Astrocoenia texana [s�c] Adk�ns, 1928, p. 77.
Actinastrea guadalupae (Roemer, 1849).  Wells, 1956, p. 

F370, fig. 262,6d.
Actinastrea guadalupe (Roemer, 1849).  García-Barrera, 

1993, p. 45.

Description.  Corallum colon�al, attached, cer�o�d, mass�ve, 
hem�spher�cal or th�ck-branched ramose, noncostate.  S�ze of 
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corallum var�able from about 6 cm to nearly 1 m �n d�ameter.  
Colony format�on pr�mar�ly by extratentacular budd�ng and, 
less commonly, by �ntratentacular budd�ng.

Corallites well-defined, prismatic and closely packed; 
axes or�ented perpend�cular to surface of corallum.  Cal�ces 
d�st�nct and monocentr�c.  Cal�cular marg�ns regularly or �r-
regularly polygonal �n outl�ne and 4-6 s�ded.  CD ranges from 
1.8 to 2.8 mm.  Depth of cal�ces very shallow, from about 0.3 
mm to nearly even w�th surface of corallum.  Cal�ces sepa-
rated by well-defined walls approximately 0.2 mm thick.

Septa well-developed, very weakly exsert at cal�cular 
marg�n, lam�nar and sol�d.  Trabecular arch�tecture not 
preserved.  Septa var�able �n number, character�st�cally at 
least 12 larger septa and four to e�ght smaller septa of the 
th�rd cycle.  Septa hexamerally arrayed �n from two to three 
cycles, the last cycle typ�cally �ncomplete.  S�ze relat�onsh�p 
among septa: S1≥S2>S3.  S1 and S2 lam�nar or sl�ghtly blade-
shaped �n cross sect�on, usually stra�ght or gently curved, 
and about 0.1 mm �n w�dth.  S1 and usually most of the S2 
extend from wall to columella at corall�te ax�s.  S3 blade- 
or wedge-shaped �n cross sect�on, about 0.1 mm �n w�dth, 
weakly developed and very short, normally less than one-
fourth the CD.  S3 typ�cally extend oral-ax�ally �nto cal�ce 
only a short d�stance above uppermost layer of endothecal 
d�ssep�ments.  Interseptal spaces typ�cally w�der than septa, 
often up to tw�ce w�dth of adjacent septa.  Lateral surfaces 
of septa typ�cally smooth, but occas�onally car�nate �n 
appearance at fus�on w�th endothecal d�ssep�ments.  Septal 
marg�ns smooth.  Inner marg�ns of S2 fused to ax�al port�on of 
S1 �n v�c�n�ty of S1 fus�on w�th columella �n aboral reg�on of 
calice.  Oral portions of inner margins of free-standing septa 
often sl�ghtly th�ckened ax�ally.

Columella well-developed, styl�form, typ�cally 
cyl�ndr�cal, sol�d and vert�cally cont�nuous.  Columella 0.2-
0.4 mm �n d�ameter, or about one-s�xth to one-fourth the CD.  
Columella may poss�bly appear larger due to lateral fus�ons 
from �nner marg�ns of S1 and S2.

Wall well-developed, septothecal and sol�d, but 
very th�n, only about 0.1 mm �n w�dth.  Walls of adjacent 
corall�tes fused �nto a common mural structure about 0.2 mm 
�n w�dth.  Recrystall�zat�on of adjacent walls and endothecal 
d�ssep�ment zones may cause the wall to appear much th�cker 
(see F�gure 28.7).

Endothecal d�ssep�ments common, usually tabular, 
laterally cont�nuous, �ncl�ned toward corall�te ax�s 
peripherally, inflected aborally near axis, and very thin but 
sol�d.  D�ssep�ments vert�cally spaced 0.3-0.8 mm apart.

Material examined.  S�x coralla: IGM-7030 (f�gured); 
IGM-7031 (f�gured), w�th two th�n sect�ons (M-16 and 
M-17); IGM-7032; IGM-7033; IGM-7034; and IGM-
7035.  The f�rst four of the spec�mens l�sted are from the 
coral reef hor�zon (un�t MP13), whereas the latter two are 
from h�gher �n the sect�on, un�t MP17.  Coralla typ�cally 
are thoroughly coarsely recrystall�zed �nternally; only 
occas�onally �s a th�n port�on of the outermost reg�on 
preserved well enough to fac�l�tate a taxonom�cally useful 
descr�pt�on.

Occurrence.  The upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an.  The foss�l local�ty �s �n the 
state of Guerrero, just north of the border w�th the adjacent 
state of M�choacán, about 0.75 km north of the rural v�llage 
of Chumbítaro, M�choacán.  The coord�nates of th�s local�ty 
are: 18° 29.3’ N, 100° 42.5’ W.

The spec�es �s very common �n the coral reef hor�zon 
of the upper member of the Mal Paso Format�on.  Although 
many of the colon�es ranged �n s�ze from 10 to 20 cm �n 
diameter, one prolific growth observed in weathered cross 
section in the field evidently attained a very large size, over 
1 m �n d�ameter.

The other occurrences are from the Edwards L�mestone 
and Dev�ls R�ver L�mestone, m�ddle and upper Alb�an, 
respect�vely, Texas (Wells, 1933, p. 157).

F�gure 28.  Actinastrea guadalupae (Roemer, 1849), upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of 
Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, IGM-7030, deta�l of weathered oral surface of corallum, scale bar = 1 cm; 2, IGM-7031, 
transverse th�n sect�on, corallum part�ally recrystall�zed, same scale as F�gure 28.1; 3, same spec�men, transverse th�n sect�on, same scale as F�gure 28.1; 
4, same spec�men, transverse th�n sect�on, deta�l of corall�tes, scale bar = 1 mm; 5, same spec�men, transverse th�n sect�on, part�ally recrystall�zed, deta�l 
of corall�tes, same scale as F�gure 28.4; 6, same spec�men, long�tud�nal th�n sect�on, deta�l of septa and wall �n v�c�n�ty of cal�cular marg�n, same scale as 
Figure 28.4; 7, same specimen, transverse thin section, mostly recrystallized, detail of corallites modified by recrystallization, walls thickened and calices 
proport�onately smaller, same scale as F�gure 28.4; 8, same spec�men, long�tud�nal th�n sect�on, deta�l of upper edges of septa and d�ssep�ments �n v�c�n�ty 
of cal�cular marg�n, same scale as F�gure 28.4.
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Discussion.  The morpholog�cal character�st�cs of the 
descr�bed coralla are the same as those descr�bed for 
Actinastrea guadalupae (Roemer, 1849) by Wells (1933), 
therefore the mater�al �s ass�gned to that spec�es.

Some of the reported interspecific variability in 
wall th�ckness and cal�ce d�ameter may �n fact be due to 
recrystall�zat�on of adjacent walls and endothecal zones 
wh�ch can produce s�multaneously much th�ckened mural 
structures and proport�onately smaller cal�ces.

Morpholog�cal characters typ�cally employed to 
d�st�ngu�sh between the spec�es of Actinastrea pr�mar�ly 
�nclude: s�ze of corall�tes (CD); number and development of 
septa; and the symmetry of the septal arrangement.

Spec�es of Actinastrea frequently were reported as 
Astrocoenia �n older l�terature.  The geograph�c range of the 
genus �s cosmopol�tan and �ts geolog�c range extends to at 
least as early as the Tr�ass�c.

The genus needs to be rev�sed, as ev�dent from the 
l�terature, but a thorough rev�s�on �s beyond the scope of th�s 
study.  For th�s work, emphas�s �s placed on compar�sons w�th 
the spec�es of Actinastrea reported from the Cretaceous of the 
Amer�cas.  Some of the spec�es known from the Cretaceous 
of other parts of the globe, as well as some from the Jurass�c, 
also are d�scussed.

Roemer or�g�nally descr�bed Astrocoenia guadalupae 
as new �n 1849 (p. 391-392), but he d�d not prov�ded 
�llustrat�ons to accompany th�s descr�pt�on.  Three years 
later (1852, p. 87) he aga�n descr�bed the same spec�es, as 
�nd�cated by h�s c�tat�on of the or�g�nal descr�pt�on �n the 
species synonymy, and he referred to two figures which he 
provided in plate 10 (figs. 8a, b).  the captions for these two 
figures appeared on page 87 and also on page 100 of that 
same paper, but the spec�es name g�ven on the latter page 
�s Astrocoenia sanctisabae n. sp. �nstead of A. guadalupae.  
Th�s unfortunate error caused confus�on �n some later works.  
Wh�te (1879) l�sted Astrocoenia sanctasabae Roemer �n two 
d�fferent collect�ons of Cretaceous foss�ls, one from near 
Helotes, Bexar County, Texas (p. 268) and the other from near 
Salado, Bell County, Texas (p. 269).  Later, �n the remarks 
g�ven for Stephanocoenia? sp., Wells (1933) commented: 
“The spec�men to wh�ch Wh�te referred �n the above paper 
[1879, p. 269] as “Astrocoenia sanctisabae”, �mput�ng the 
spec�es for some unknown reason to Roemer, �s �dent�cal w�th 
several large, mass�ve spec�mens from the Buda L�mestone 
along Shoal Creek �n Aust�n”.  “Wh�te’s name has no 

stand�ng, because “Astrocoenia sanctisabae” has never been 
described or figured (Wells, 1933, p. 152)”.  the specimens 
related to both of the A. sanctasabae occurrences l�sted by 
Wh�te (1879, p. 268, 269) probably are not A. guadalupae 
Roemer; �nstead, they probably should be reass�gned to the 
genus Stephanocoenia, as Wells �nd�cated prev�ously (see 
Wells, 1933, p. 158).

Only three other species of Actinastrea have been 
descr�bed prev�ously from the Cretaceous of Mex�co.  Fel�x 
(1891, p. 156) descr�bed a spec�es of Actinastrea from the 
Neocom�an strata near Tehuacán, state of Puebla, and stated 
that the corall�tes of the spec�mens he exam�ned possessed 
an average CD of 2.5 mm and 24 hexamerally arrayed septa.  
Fel�x compared the corall�te morphology of h�s spec�es of 
Actinastrea w�th that of Actinastrea globosa (Fromentel, 
1870, p. 614, pl. 188, fig. 1) and noted that Fromentel 
gave 2.5-4.0 mm as the range of CD for the corall�tes, but 
that the spec�men �llustrated by Fromentel (1870, pl. 188, 
fig. 1) showed that the CD is only about 2 mm.  Despite 
h�s acknowledgement of some apparent morpholog�cal 
d�screpanc�es, Fel�x ass�gned the Mex�can form to Actinastrea 
globosa (Fromentel, 1870).  Th�s taxonom�c determ�nat�on 
�s here quer�ed pend�ng exam�nat�on of spec�mens from the 
Tehuacán reg�on.  Unfortunately, ne�ther Fel�x’s spec�mens 
of Actinastrea globosa nor any other member of the fam�ly 
Act�nastrae�dae have been located dur�ng a recent re-
exam�nat�on of the coral spec�mens from Tehuacán (Löser, 
2006, p. 55).

Imlay descr�bed Actinastrea hispaniensis (Imlay, 1940, 
p. 138, pl. 1, figs. 21, 22; Wells, 1946, p. 1) from the Berriasian-
Valang�n�an Carbonera Format�on near Las Cuevas, Durango, 
and �nd�cated that the spec�es character�st�cally possessed 
corall�tes w�th a CD of 1.5-2 mm and 16-20 septa (e�ght to ten 
pr�nc�pal septa, 4-5 S1 + 4-5 S2, w�th smaller septa, 8-10 S3, 
�n between the pr�nc�pal septa) �n an octameral or decameral 
arrangement.  In contrast, A. guadalupae possesses sl�ghtly 
larger corall�tes and more numerous septa wh�ch are arrayed 
hexamerally.

Reyeros (1983, p. 13-14, pl. 1, fig. 1) reported 
Actinastrea cf. A. decaphylla madagascariensis Allo�teau, 
1958, from the Upper Cretaceous Yucunama Format�on 
near San Pedro Yucunama, Oaxaca.  However, based on 
her description and figure of the species, her taxonomic 
determ�nat�on �s cons�dered doubtful even at the gener�c level 
and, when compared to the original description and figure 
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of A. decaphylla var. madagascariensis Allo�teau, 1958 (p. 
185, pl. 35, fig. 1), it seems highly unlikely that the Mexican 
species is conspecific (contrary to comments on the Mexican 
form made by Pr�nz, 1991, p. 194).  The spec�es descr�bed by 
Allo�teau, from the Campan�an(?) of Madagascar, possesses 
corall�tes w�th a CD of 1.75-3 mm and 20 septa wh�ch are 
arrayed decamerally, 5 S1+ 5 S2 + 10 S3 (pentamerally?), 
whereas the spec�es from Mex�co possesses smaller corall�tes 
(CD 1.5-2 mm) and more numerous septa (20-24) wh�ch 
seem hexamerally arranged.  Add�t�onally, �n the Mex�can 
spec�es the growth form of the colony �s subcer�o�d, cal�cular 
marg�ns are �nvar�ably c�rcular �n outl�ne, and none of the 
septa extends to the columella (except poss�bly aborally, 
deep w�th�n the cal�ce, as prev�ously noted by Reyeros, 
1983, p. 13-14).  In members of Actinastrea, the growth form 
typ�cally �s cer�o�d, the cal�cular marg�ns are polygonal, and 
at least the S1, and also usually the S2, extend to the columella.  
Add�t�onal better preserved spec�mens are needed �n order to 
prec�sely determ�ne the taxonom�c �dent�ty of the Mex�can 
spec�es.

One other occurrence of Actinastrea �n the Cretaceous 
of Mex�co �s noted here: All�son (1955, p. 405, 408) reported 
Astrocoenia (probably a spec�es of Actinastrea) from the 
Alb�an Al�s�tos Format�on at Punta Ch�na, Baja Cal�forn�a.

Several other spec�es of Actinastrea are known from 
the Cretaceous of North Amer�ca, and some of them, l�ke A. 
guadalupae, also can be character�zed by the possess�on of 
three cycles of hexamerally arrayed septa (as many as 24 �n 
number).

Astrocoenia nidiformis Crag�n (1895a, p. 50; reass�gned 
to the genus Actinastrea by Scott, 1970, p. 55), from the 
Belv�dere beds (Crag�n, 1895b; Twenhofel, 1924, p. 51; 
Kauffman, 1984, p. 290), Kansas, and the Comanche Peak 
Format�on and Dev�ls R�ver L�mestone, Texas (Wells, 1933, 
p. 152-156), pr�mar�ly d�ffers from A. guadalupae by the 
smaller cal�ces (CD 1.25-1.50 mm) and the fus�on of the S3 
to the�r respect�ve S2.  Another spec�es from the Cretaceous 
of Kansas, Astrocoenia conica Logan, 1899 (p. 215, pl. 26, 
figs. 1-3), has calices with a relatively large CD (up to 8 mm) 
and numerous septa; the spec�es most l�kely does not belong 
to e�ther Astrocoenia or Actinastrea.

Actinastrea whitneyi (Wells, 1932, p. 230-231, pl. 31, 
fig. 6, pl. 32, figs. 1, 2, pl. 37, fig. 1), from the lower Glen 
Rose of the Tr�n�ty Group, Texas, but also reported from the 
Mural L�mestone, Ar�zona (Grocock, 1975; Scott, 1981) 

and from the Barranquín Format�on, Venezuela (von der 
Osten, 1957a, p. 697; 1957b, p. 575, pl. 63, figs. 6, 7), is 
s�m�lar to A. guadalupae except that the S3 un�te w�th the�r 
respect�ve S2 (see Wells, 1933, p. 153), only the s�x S1 reach 
the columella, and two of these s�x S1 usually are sl�ghtly 
larger than the other four and seem to b�laterally part�t�on 
the cal�ce long�tud�nally �nto halves.  Another spec�es from 
the lower Glen Rose of Texas and Mural L�mestone (Scott, 
1981), A. scyphoidea (Wells, 1932, p. 231-232, pl. 32, fig. 3, 
pl. 33, fig. 3), has an encrusting growth form and possesses 
smaller corall�tes (CD 1.5-1.75 mm) w�th only 12 septa.

Actinastrea bellensis (Wells, 1933, p. 158, pl. 19, figs. 
5, 6), from the m�ddle Alb�an Comanche Peak Format�on 
near Belton, Texas, pr�mar�ly d�ffers from A. guadalupae by 
the smaller cal�ces (CD about 1 mm) and smaller number of 
septa (only 12).

Actinastrea pattoni (Wells, 1933, p. 158-159, pl. 19, 
figs. 1, 2), from the edwards Limestone, texas, primarily 
d�ffers from A. guadalupae by the much smaller cal�ces (CD 
about 1 mm), and the smaller number of septa (16-20) �n a 
character�st�cally octameral arrangement (Wells, 1933, p. 
153).

Actinastrea budaensis (Wells, 1933, p. 160, pl. 19, 
fig. 3), from the Buda Limestone, Austin, texas, is similar 
to A. guadalupae �n the CD of the cal�ces (2.0-2.5 mm), the 
number of septa (24), and �n the number of septa wh�ch reach 
the columella (12).  However, �n the former spec�es the S1 and 
S2 are th�cker and the S3 are often fused to the�r respect�ve S2, 
whereas �n the later spec�es the S2 are usually fused to an 
adjacent S1 and the �nner marg�ns of the S3 are laterally free.

Actinastrea? dickersoni (Wells, 1941a, p. 287-288, pl. 
43, fig. 4), from the Upper Cretaceous of Cuba, possesses 
three cycles (24 �n number) of hexamerally arrayed septa, but 
�n contrast to A. guadalupae, the corall�tes are sl�ghtly larger 
(CD 2-3 mm) and the S2 are not as robust as the S1.

A number of other occurrences of Actinastrea have been 
reported from the Cretaceous of North Amer�ca; however, the 
major�ty of th�s mater�al has not been descr�bed.  Actinastrea 
ev�dently �s one of the more commonly encountered corals �n 
reef fac�es of: the Lower Cretaceous Mural L�mestone �n the 
southwestern Un�ted States and northern Mex�co (Ransome, 
1904; Darton, 1925, p. 142; Stoyanow, 1949; Grocock, 
1975; Scott and Brenckle, 1977; Scott, 1979; R�gby and 
Scott, 1981; Roybal, 1981; Scott, 1981; Schre�ber and Scott, 
1987; Warzesk�, 1987, p. 343; Hartshorne, 1989, p. 324); the 
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Alb�an Howell’s R�dge Member of the U-Bar Format�on of 
New Mex�co (Campbell, 1988); and the subsurface Lower 
Cretaceous (Alb�an) of the Gulf Coast (Scott, 1990).  In the 
Western Inter�or Bas�n, Cobban (1951, p. 2188) reported 
Astrocoenia sp. (probably referable to the genus Actinastrea) 
from the Upper Cretaceous (Turon�an) Turner sandy member 
of the Carl�le Shale at a local�ty about s�x m�les north of Belle 
Fourche, South Dakota.  The genus also has been reported 
from the Cretaceous of Jama�ca (Coates, 1977a, p. 90, l�sted 
as Astrocoenia).

Members of Actinastrea (mostly reported as 
Astrocoenia) also have been noted �n the later Mesozo�c of 
Cal�forn�a (A. petrosa Gabb, 1864, p. 208, pl. 31, figs. 274, 
274a; 1869, p. 254; Durham, 1962, p. 37) and Canada (A. 
irregularis Whiteaves, 1884, p. 246; 1900, p. 304, pl. 33, fig. 
1).

A number of spec�es of Actinastrea occur �n the 
Cretaceous of South Amer�ca.  Two spec�es of Actinastrea 
are known from the Neocom�an of Ch�le (Fr�tzsche, 1921), 
A. minima (Fromentel, 1857) (Fr�tzsche, 1923, p. 318, pl. 4, 
fig. 2) and A. hexamera (Fr�tzsche, 1923, p. 318-319, pl. 3, 
fig. 7).  the first of these two species reportedly possesses 
small corall�tes (CD 1-1.5 mm) �n wh�ch 20 septa are arrayed 
decamerally (10 S1 and 10 S2), and thus seems qu�te d�st�nct 
from A. guadalupae.  The second of the two, A. hexamera, 
�s s�m�lar to A. guadalupae �n that both possess three cycles 
(24 �n number) of hexamerally arrayed septa, 12 of wh�ch 
reach the columella, but pr�mar�ly d�ffers from the latter by 
the smaller d�ameter of the corall�tes (CD 1.0-1.5 mm).

Thamnastrea harrisoni Gregory, 1927 (p. 442-443, 
pl. 13, figs. 2a-c), from the Urgonian el Cantil Formation at 
Punceres, state of Monagas, eastern Venezuela, subsequently 
was reass�gned to Astrocoenia (see Gerth, 1928, p. 14, 
footnote; Wells, 1944b, p. 433), and here �t �s cons�dered a 
spec�es of Actinastrea.  Actinastrea harrisoni, based on the 
original description and figures, possesses three cycles (24 in 
number) of hexamerally arrayed septa, 12 of wh�ch reach the 
columella, as �n A. guadalupae, but pr�mar�ly d�ffers from the 
latter by the smaller corall�tes (CD about 2 mm) and the more 
robustly developed S3.

Actinastrea peruviana (Wells, 1941b, p. 305-307, pl. 
44, fig. 1), from the upper Aptian Pananga Limestone near 
La Brea �n northwestern Peru, has corall�tes that are smaller 
(CD average about 1.5 mm) than those of A. guadalupae, and 
typ�cally possesses a smaller number of septa (12-16). 

Actinastrea barranquinensis (Wells, 1944b, p. 432, pl. 
69, figs. 1, 2), from the Barranquín Formation at Las Cinco 
Ce�bas, state of Sucre, Venezuela, pr�mar�ly d�ffers from A. 
guadalupae by the possess�on of larger corall�tes (CD 3-3.5 
mm) w�th a larger number of septa (36).

Actinastrea barranquiniana (von der Osten, 1958; 
nomen novum for Astrocoenia minima von der Osten, 1957b, 
p. 574, pl. 63, fig. 13), from the Barranquín Formation of 
Venezuela also, pr�mar�ly d�ffers from A. guadalupae by the 
smaller s�ze of the corall�tes (CD 0.8-1.0 mm), the smaller 
number of septa (16), and the octameral arrangement of the 
septa.

Pr�nz descr�bed (1991, p. 193-194) a spec�es of 
Actinastrea from the Lower Cretaceous of El Way, northern 
Ch�le, and referred the spec�mens to A. whitneyi (Wells, 
1932).  However, based on the reported var�ab�l�ty �n the 
size of the corallites (CD up to 4 mm) and the figures of the 
species provided by Prinz (1991, p. 194, and pl. 7, fig. 3, 
respect�vely), the spec�es appears to be more closely all�ed to 
A. barranquinensis (Wells, 1944b).

Several other spec�es of Actinastrea also have been 
reported from the South Amer�can Cretaceous.  Most of these 
spec�es or�g�nally were descr�bed from European occurrences, 
and the�r occurrences �n South Amer�ca typ�cally are only 
listed or the specimens very briefly described.  Included here 
are: A. colliculosa (Trautschold, 1886), A. cf. A. triboleti 
(Koby, 1897), and A. aff. A. regularis (Fromentel, 1857) from 
the Apt�an of the Neuquen bas�n, Argent�na (Gerth, 1928, p. 
7-8, 14; Weaver, 1931, p. 164); A. retifera (Stol�czka, 1873) 
from the Upper Cretaceous of Ch�le (Gerth, 1928, p. 14); and 
Astrocoenia cf. A. ramosa M�lne Edwards and Ha�me, 1848a, 
and Astrocoenia sp. from the Upper Cretaceous of Curaçao 
(Gerth, 1928, p. 3-4).

Two spec�es of Cretaceous (Apt�an-Cenoman�an) age 
that have been dredged from guyots in the South Pacific are of 
part�cular �nterest here: Astrocoenia revellei Ham�lton, 1956 
(p. 57, pl. 5, fig. 3), from Hess Guyot, and A. dietzi Ham�lton, 
1956 (p. 57-58, pl. 5, fig. 2), from Cape Johnson Guyot.  the 
first of the two species, A. revellei, appears to belong to the 
genus Actinastrea and so �t �s here reass�gned to that genus.  
Furthermore, the cer�o�d growth form of the corallum, the 
polygonal shape of the cal�cular marg�n, the d�ameter of the 
cal�ce (CD about 2.1 mm), and the number, arrangement 
and development of the septa (24 septa hexamerally arrayed 
�n three cycles, S1 and S2 fused to styl�form columella, S3 
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weakly developed and about one-s�xth the CD �n length) 
indicate a close affinity to A. guadalupae (an affinity also 
noted by Ham�lton, 1956, p. 57).  Thus, �t seems poss�ble that 
A. revellei (Ham�lton, 1956) could be a jun�or synonym of A. 
guadalupae (Roemer, 1849).  The other spec�es ment�oned 
above, Astrocoenia dietzi Ham�lton, 1956, does not appear 
to be all�ed to the genus Actinastrea based on the or�g�nal 
description and figure of the species.  Most specifically, the 
reported presence of dense per�theca between the corall�tes 
(see Ham�lton, 1956, p. 57) does not support an ass�gnment 
of the spec�es to Actinastrea.

Members of Actinastrea also are common �n the 
Jurass�c of North Amer�ca.  Actinastrea maloniana 
(Vaughan, 1905, p. 34-35, pl. 2, figs. 1-3), from the Malone 
beds (T�thon�an); Wells, 1946, p. 2) of Texas (Albr�tton, 
1938, p. 1761), pr�mar�ly d�ffers from A. guadalupae by the 
smaller number of septa (16-20) and the�r character�st�cally 
octameral (Wells, 1933, p. 153) or decameral (Wells, 1942b, 
p. 3) arrangement.

Actinastrea hyatti (Wells, 1942b), or�g�nally descr�bed 
from the K�mmer�dg�an upper Sundance Format�on of 
Wyom�ng and subsequently reported from several local�t�es 
�n the Jurass�c of the Western Inter�or (Imlay, 1952, 1956, p. 
577-578, 583-584, 1964, 1965, 1967, p. 33; 1980, p. 80, 89), 
pr�mar�ly d�ffers from A. guadalupae by the character�st�cally 
ramose growth form of the colony and the d�morph�c 
development of the first two cycles of septa (S1>S2).

Actinastrea kellumi (Wells, 1946, p. 2-3, pl. 1, fig. 1), 
from the La Cas�ta Format�on (K�mmer�dg�an-Portland�an 
(T�thon�an)) of the state of Durango, Mex�co, �s s�m�lar to A. 
guadalupae, except the walls of A. kellumi are much th�cker 
(0.5 mm).

Reyeros (1974) descr�bed two spec�es of Actinastrea 
from the Upper Jurass�c of the S�erra de Águ�la �n the northern 
part of the state of Ch�huahua, Mex�co: A. crassoramosa 
(Michelin, 1843, p. 109, pl. 25, fig. 2) and A. tenuisepta 
(Koby, 1885, p. 296, pl. 87, figs. 5-5a).  However, she did 
not compare the mater�al w�th the other prev�ously descr�bed 
spec�es of Actinastrea known from the North Amer�can 
Jurassic.  the first of these two species, A. crassoramosa, �s 
the type spec�es of Enallocoenia d’Orbigny, 1849, purportedly 
a taxonom�cally d�st�nct genus (Beauva�s, 1964, p. 111-112), 
whereas the latter spec�es, A. tenuisepta, was tentat�vely 
reass�gned to Stephanastrea Étallon, 1862 (Ron�ew�cz, 
1976, p. 36).  Deta�led compar�sons of these Mex�can spec�es 

w�th the other Jurass�c spec�es should be made �n order to 
determine more precise affinities.

Spec�mens of Actinastrea also have been reported 
from the Jurassic (Oxfordian) Smackover Limestone in the 
subsurface of the Gulf Coast (Wells, 1942a, p. 126, 128, pl. 
21, fig. 5; Baria et al., 1982; Crevello and Harris, 1984, p. 
73).  Earl�er Mesozo�c occurrences �n South Amer�ca �nclude: 
several spec�es from the Jurass�c of Ch�le (Pr�nz, 1986, 1991) 
and the Lower Jurass�c of Peru (T�lmann, 1917; Wells, 1953, 
p. 3-5, fig. 1: Actinastrea sp. cf. A. lissoni [T�lmann, 1917]).  
The geolog�c range of the genus extends to at least as early as 
the Tr�ass�c as �nd�cated by several reported occurrences (for 
example see Pr�nz, 1991, p. 158).

Actinastrea chumbitaroensis new species
F�gure 29

Diagnosis.  Corallum ramose.  Cal�cular marg�n typ�cally 
hexagonal.  CD 1.2-1.8 mm.  D�stance between cal�cular 
centers about 1.5 mm.  Septa 16 �n number, octamerally 
arrayed �n two cycles, and laterally free orally.  Columella 
prom�nent, styl�form, cyl�ndr�cal. 

Description.  Corallum colon�al, attached, cer�o�d, 
ramose, and noncostate.  Branches relat�vely small �n s�ze 
and subcyl�ndr�cal or lath-shaped.  Colony format�on by 
extratentacular budd�ng and, poss�bly, w�th occas�onal 
�ntratentacular d�stomodaeal budd�ng.

Corallites well-defined, prismatic, and closely spaced.  
Corall�te axes or�ented perpend�cular to surface of corallum.  
Cal�ces d�st�nct and typ�cally monocentr�c.  Cal�cular marg�n 
character�st�cally hexagonal, rarely quadr�lateral, s�des often 
equal �n length.  CD ranges from 1.2 to 1.8 mm, but most 
commonly about 1.5 mm.  Cal�ces laterally spaced about 0.2 
mm apart from each other; d�stance between cal�cular centers 
about 1.5 mm.  Cal�cular marg�ns of adjacent corall�tes 
typ�cally fused together �nto a r�dge-l�ke mutual boundary 
about 0.1 mm �n w�dth orally and th�ckened aborally to about 
0.2 mm.

Septa well-developed, non-exsert, lam�nar, and sol�d.  
Trabecular arch�tecture not preserved.  Septa character�st�cally 
16 �n number and arrayed octamerally �n two complete cycles 
(8 S1 + 8 S2) w�th s�ze relat�onsh�p: S1>S2.  S1 blade-shaped �n 
cross sect�on, stra�ght, about 0.3 mm �n w�dth at junct�on w�th 
wall, and tapered toward corall�te ax�s.  Length of S1 about 
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0.6 mm, or three-fourths d�stance from wall to columella.  
Inner edges of S1 term�nated at about 0.2 mm from columella 
�n oral port�on of cal�ce, but may be fused to columella 
deeply aborally �n corall�te.  S2 blade-shaped �n cross sect�on, 
sl�ghtly narrower than S1, and about 0.4 mm �n length, or half 
the d�stance from wall to columella.  Interseptal spaces about 
0.2 mm �n w�dth.  Lateral surfaces of septa appear smooth 
or laterally granulated.  Septal marg�ns appear smooth, �nner 
marg�ns laterally free.  Pal� absent.

Columella well-developed, prom�nent, styl�form, 
cyl�ndr�cal, sol�d, vert�cally cont�nuous, about 0.2-0.3 mm 
�n d�ameter, and laterally free from septa �n oral port�on of 
corall�te.  Inner edges of S1 may be fused to columella deep 
w�th�n aboral reg�on of corall�te.

Wall appears septothecal, sol�d, usually fused w�th wall 
of adjacent corall�te, the resultant comb�ned mural structure 
about 0.2 mm �n w�dth.  Endotheca tabular, very th�n, closely 
spaced.

Etymology.  The spec�es �s named for the v�llage of 
Chumbítaro, M�choacán, wh�ch �s just south of the type 
local�ty of the spec�es �n the state of Guerrero, by add�ng the 
Latin suffix -ensis = place.

Types.  Three fragments: holotype IGM-7036 (20 x 33 mm 
�n w�dth and 15 mm �n he�ght; F�gure 29.1); paratype IGM-
7037 (28 x 18 mm �n w�dth and 40 mm �n he�ght; F�gure 
29.2-29.6), w�th two th�n sect�ons (M-01 and M-02); and 
paratype IGM-7038 (20 x 35 mm �n w�dth and 35 mm �n 
he�ght).  All of the spec�mens are recrystall�zed and sl�ghtly 
weathered.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Occurrence.  Known only from the type local�ty.  The 
spec�mens were collected from loose mater�al on the 
weathered exposure of un�t MP17, but they may have been 
der�ved from an adjacent bed.  The coord�nates of th�s local�ty 
are g�ven above.

Discussion.  The descr�pt�on �s based on three recrystall�zed 
corallum fragments.  Externally the samples clearly exh�b�t mor-
pholog�cal features wh�ch preclude the�r ass�gnment to the other 
member of th�s genus that �s known from the upper member of 
the Mal Paso Format�on, A. guadalupae (Roemer, 1849).

Actinastrea chumbitaroensis n. sp. d�ffers from the 
prev�ously descr�bed members of Actinastrea that are at least 
�n part also character�zed by the possess�on of octamerally 
arrayed septa.

Actinastrea maloniana (Vaughan, 1905, p. 34-35, pl. 2, 
figs. 1-3), from the Malone beds of texas, primarily differs 
from A. chumbitaroensis n. sp. by the encrust�ng or mass�ve 
growth form of the corallum and the larger CD, from 1.5 to 
2.5 mm (Wells, 1933, p. 153).

Actinastrea cf. A. ramosa (M�lne Edwards and Ha�me, 
1848a, p. 298) and Actinastrea sp., both briefly described by 
Gerth (1928, p. 3-4) as spec�es of Astrocoenia from the Upper 
Cretaceous of Curaçao, also possess octamerally arrayed 
septa and cal�ces of s�m�lar s�ze (CD 1-1.5 mm and CD 1-2 
mm, respectively).  However, neither species was figured by 
Gerth (1928) and, based only on h�s br�ef descr�pt�ons, a more 
accurate compar�son of these forms w�th A. chumbitaroensis 
n. sp. cannot be made.

Actinastrea cf. A. triboleti (Koby, 1897), descr�bed by 
Gerth (1928, p. 7-8) as a spec�es of Astrocoenia from the 
Apt�an of the Neuquen bas�n, Argent�na, d�ffers from A. 
chumbitaroensis n. sp. by the var�able number of septa, 8-10 
S1 and 8-10 S2, and the smaller d�ameter of the cal�ces.

Actinastrea pattoni (Wells, 1933, p. 158-159, pl. 19, 
figs. 1, 2), from the edwards Limestone, texas, primarily dif-
fers from A. chumbitaroensis n. sp. by the encrust�ng growth 
form of the corallum and the much smaller d�ameter of the 
cal�ces, the CD only about 1 mm (Wells, 1933, p. 153).

F�gure 29.  Actinastrea chumbitaroensis n. sp., upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chum-
bítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Holotype IGM-7036, deta�l of weathered surface of corallum fragment, scale bar = 1 cm; 2, paratype 
IGM-7037, SEM photograph of weathered oral surface, scale bar = 1 mm; 3, same spec�men, th�n sect�on, mostly coarsely recrystall�zed, same scale as 
F�gure 29.1; 4, same spec�men, SEM photograph, deta�l of oral surface of several cal�ces, scale bar = 1 mm; 5, same spec�men, transverse th�n sect�on, deta�l 
of septal arrangement and columella of several corall�tes, scale bar = 1 mm; 6, same spec�men, transverse th�n sect�on, deta�l of corall�tes �n deeper, central 
port�on of corallum, mostly recrystall�zed, same scale as F�gure 29.5.
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Actinastrea hispaniensis (Imlay, 1940, p. 138, pl. 
1, figs. 21, 22; Wells, 1946, p. 1) from the Berriasian-
Valang�n�an Carbonera Format�on near Las Cuevas, 
Durango, pr�mar�ly d�ffers from A. chumbitaroensis n. sp. 
by the mass�ve growth form of the corallum, the var�able 
number of the septa (16-20, �nserted as 4-5 S1, 4-5 S2, and 
8-10 S3), and the sl�ghtly larger d�ameter of the cal�ces (CD 
of 1.5-2 mm).

Two Upper Cretaceous spec�es of Actinastrea w�th 
octamerally arrayed septa, A. octolamellosa (M�chel�n, 
1847, p. 302-303, pl. 72, fig. 2a-b) and A. ramosa (Sowerby, 
in Sedgwick and Murchison, 1832, p. 417, pl. 37, fig. 9; 
see Michelin, 1847, p. 303, pl. 72, fig. 4a-b), both from 
Europe, possess cal�ces that d�ffer �n s�ze from those of A. 
chumbitaroensis n. sp.: CD 1.5-2.1 mm and CD 1-1.2 mm, 
respect�vely (see Turnšek, 1997, p. 8-9).

Refer to the d�scuss�on sect�on g�ven for A. guadalupae 
(Roemer, 1849) for add�t�onal comments on the taxonomy 
and strat�graph�c and geograph�c d�str�but�ons of th�s genus.

Suborder Rh�p�dogyr�na Ron�ew�cz, 1976
Fam�ly Rh�p�dogyr�dae Koby, 1905

Genus Preverastraea Beauva�s, 1976

Type species.  Aulastraeopora chelussii  Prever, 1909 (p. 
140-141, pl. 10, fig. 36, text figs. 41, 42), by original 
des�gnat�on (Beauva�s, 1976, p. 25).

Discussion.  The genus Preverastraea Beauva�s, 1976, 
has been referred to the suborder Rh�p�dogyr�na, fam�ly 
Rh�p�dogyr�dae, by Morycowa and Marcopoulou-D�acanton� 
(1994).  their classification is followed here.

Preverastraea coatlicuae new species
F�gure 30

Diagnosis.  Corallum ploco�d.  Wall of corall�te developed 
as s�ngle parathecal zone; outer corall�te wall absent.  CD 

4-5 mm.  Septa 12 �n number and hexamerally arrayed �n 
two cycles.

Description.  Corallum colon�al, attached, ploco�d, mass�ve, 
costate, and hem�spher�cal or laterally elongate, low, and 
mound-shaped.  S�ze of corallum var�able, observed range 
from as small as 8 cm �n d�ameter and 5 cm �n he�ght, to 
as large as about 38 cm �n d�ameter w�dth and 16 cm �n 
height based on field observations.  Colony formation by 
extratentacular budd�ng.

Corallites well-defined, generally cylindrical, 
subparallel to each other, sl�ghtly protuberant, and pr�mar�ly 
al�gned upward.  Corall�tes laterally spaced 2-7 mm apart, 
the distance filled by well-developed coenosteum.  Calices 
exclus�vely monocentr�c.  Cal�cular marg�n roughly c�rcular 
�n outl�ne or vaguely petal�form.  CD fa�rly cons�stent, 4-5 
mm; depth of cal�ce about 2 mm.  Cal�cular centers spaced 
6-15 mm apart.

Septa well-developed, relat�vely short, exsert, sol�d, and 
structurally cont�nuous w�th robust costae.  Septa typ�cally 12 
�n number and arranged hexamerally �n two cycles.  S�ze rela-
t�onsh�p among septa: S1>>S2. S1 wedge-shaped �n cross sec-
t�on, about 1 mm �n w�dth at junct�on w�th wall, and tapered 
toward corall�te ax�s.  S1 from 1.5 to 2.0 mm �n length, or about 
three-fourths d�stance from wall to corall�te ax�s.  S2 wedge-
shaped �n cross sect�on, sl�ghtly narrower than S1, about 0.8 
mm �n w�dth, but very much shorter, about 0.5-1.0 mm �n 
length, less than half that of S1, or about one-fourth d�stance 
from wall to ax�s.  Interseptal spaces 0.5-0.8 mm �n w�dth, or 
about as w�de as adjacent S2.  Lateral surfaces of septa mostly 
smooth w�th few sparsely d�str�buted po�nted, con�cal lateral 
project�ons or granulat�ons about 0.2 mm �n w�dth and he�ght 
(poss�bly �n part due to fus�on of septa and endothecal d�ssep�-
ments).  Septal marg�ns appear smooth or m�nutely dentate(?); 
ax�al edges commonly laterally free, sharp, and recurved ab-
ax�ally or somet�mes b�furcated.  Pal� absent.

Columella absent, ax�al reg�on hollow orally and 
part�t�oned by endothecal d�ssep�ments aborally.  Ax�al reg�on 

F�gure 30.  Preverastraea coatlicuae n. sp., holotype IGM-7039, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 
km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Deta�l of port�on of weathered oral surface of corallum, scale bar = 1 cm; 2, oral 
v�ew of part of corallum, scale bar = 1 cm; 3, transverse th�n sect�on of several corall�tes; note well-developed parathecal wall of corall�tes and complete 
absence of outer wall, scale bar = 1 cm; 4, transverse th�n sect�on, deta�l of septa and parathecal wall, scale bar = 1 mm; 5, long�tud�nal th�n sect�on of a 
corallite, slightly oblique, upper edge of calice at top center of figure, coenosteal structure in left third of figure, skeleton in lower part of figure partially 
coarsely recrystall�zed, same scale as F�gure 30.3; 6, long�tud�nal th�n sect�on, deta�l of ves�cular d�ssep�ments of coenosteum, same scale as F�gure 30.4; 7, 
long�tud�nal th�n sect�on, deta�l of paratheca (left), endotheca, and septa, same scale as F�gure 30.4.
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1-1.5 mm �n w�dth, or about one-fourth to one-th�rd the CD.  
Vert�cally al�gned �nner marg�ns of S1 enc�rcle per�meter of 
ax�al reg�on.

Wall well-developed, parathecal, about 0.7-2.0 mm �n 
th�ckness, and composed of a zone of ves�cular d�ssep�ments.  
Outer or secondary corallite wall absent.  Parathecal 
d�ssep�ments convex orally, concave aborally, about 0.5-
2.0 mm �n w�dth, and vert�cally spaced 0.5-2.0 mm apart.  
Endothecal d�ssep�ments tabular, laterally d�scont�nuous, 
commonly or�ented subhor�zontal, about 0.1-0.2 mm �n 
th�ckness and vert�cally spaced about 1-2 mm apart.

Coenosteum extens�vely developed, composed of 
ves�cular exothecal d�ssep�ments, and structurally s�m�lar to, 
and often cont�nuous w�th, those of paratheca.  Coenosteal 
areas of corallum surface sl�ghtly concave and costate.

Costae well-developed, robust, stra�ght, curved 
or sl�ghtly s�nuous, wedge-shaped �n cross sect�on, and 
structurally cont�nuous w�th septa.  Costae of adjacent 
corallites typically nonconfluent.  Width of costae equal to 
that of respect�ve septa, but often sl�ghtly tapered d�stally.  
Length of costae much greater than that of respect�ve septa, 
commonly several t�mes length of septa.  Typ�cally C1>>C2, 
but he�ghts nearly subequal.  C1 somet�mes up to at least 2 mm 
�n he�ght, C2 only sl�ghtly shorter.  Lateral surfaces of costae 
smooth.  Intercostal furrows about as w�de as S2 prox�mally 
and usually w�der d�stally.  Costae of younger corall�tes not 
as robust as those of older corall�tes.  Per�pheral boundary of 
corall�te commonly somewhat weakly del�neated by abrupt 
distal deflections or terminations of costae.  Costae, mainly 
C1, w�th �nternal network of tubular passageways or galler�es 
about 0.3-0.5 mm �n d�ameter (poss�bly bor�ngs?).

Etymology.  The spec�es �s named for Coatl�cue, an Aztec 
goddess of the Earth.

Types.  Holotype IGM-7039, w�th two th�n sect�ons (M-22 
and M-23); and paratype IGM-7040.  The holotype corallum 
�s about 85 x 150 mm �n w�dth and 75 mm �n he�ght.  The 
paratype spec�men, 90 x 140 mm �n w�dth and 90 mm �n 
he�ght, �s only a port�on of a much larger corallum that was 
about 38 cm �n d�ameter.  The skeletal structure of both 
spec�mens �s preserved only �n the outermost few cent�meters 
of the corallum, �nternally they are coarsely recrystall�zed.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 

local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Occurrence.  Known only from the type local�ty.  The co-
ord�nates of th�s local�ty are g�ven above.  Th�s spec�es �s 
common �n the coral reef hor�zon of the upper member of 
the Mal Paso Format�on.  It also was observed �n beds strat�-
graph�cally below the reef hor�zon, �n un�ts MP9 and MP5.  
Th�s spec�es was one of the two pr�mary contr�butors to the 
reef bu�ld-up at th�s local�ty.  Bor�ng b�valves were observed 
�n some of the coralla, part�cularly �n the corall�te axes.

Discussion.  The morphology of the spec�es descr�bed above 
�s most s�m�lar to that descr�bed for spec�es ass�gned to 
Preverastraea, therefore the spec�es �s referred to that genus.  
However, the major�ty of the other spec�es of Preverastraea 
typ�cally possess corall�tes w�th both an �nternal wall and an 
outer wall (Morycowa and Marcopoulou-D�acanton�, 1994).  
The outer walls of adjacent corall�tes of these other spec�es are 
comb�ned �nto a shared structure wh�ch produces an overall 
appearance of a cer�o�d corallum.  The s�ngle parathecal wall 
of P. coatlicuae n. sp. �s analogous to the �nner wall of these 
other spec�es, but the corall�tes of the new spec�es totally lack 
an outer wall and the corallum �s thus ploco�d �n appearance.  
Two of the spec�es referred to th�s genus prev�ously, P. felixi 
(Hackemesser, 1936) and P. diplothecata (Hackemesser, 
1936), possess corall�tes �n wh�ch the outer wall �s usually 
developed, but occas�onally �t �s absent (see Hackemesser, 
1936, pl. 2, figs. 2, 3, 5, 7).  therefore, the complete absence 
of the corall�te outer wall �n P. coatlicuae n. sp. �s cons�dered 
to be a taxonomically significant character at the species 
level and not the gener�c level.

Other major differences between P. coatlicuae n. sp. 
and the other members of the genus �nclude the number of 
septa and the�r pos�t�on of development w�th�n the corall�tes.  
Corall�tes of P. coatlicuae n. sp. typ�cally have only 12 septa 
�n two cycles, whereas corall�tes of the other spec�es usually 
possess more than 12 septa (two cycles plus some septa of the 
th�rd cycle).  Furthermore, these add�t�onal septa are frequent-
ly �nserted from the outer wall and they do not extend �nto the 
�nternal wall of the corall�te.
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Preverastraea tocae new species
F�gure 31

Diagnosis.  Corallum ploco�d or subcer�o�d.  Wall of 
corall�te developed as s�ngle parathecal zone; outer corall�te 
wall absent.  CD 2.2-6 mm.  Septa 12-24 �n number and 
hexamerally arrayed �n two to three cycles.

Description.  Corallum colon�al, attached, ploco�d or 
subcer�o�d, mass�ve, hem�spher�cal, and costate.  Colony 
format�on by extratentacular budd�ng.

Corall�tes generally cyl�ndr�cal and closely spaced.  
Per�pheral boundar�es between adjacent corall�tes vaguely 
del�neated.  Corall�tes or�ented rad�ally w�th respect to 
shape of corallum, axes subparallel to each other.  Cal�ces 
well-defined and exclusively monocentric.  Calicular 
marg�n c�rcular to subc�rcular �n outl�ne.  CD var�able, most 
commonly about 5 mm, but as small as 2.2 mm on newly 
budded corall�tes and up to about 6 mm on largest corall�tes.  
Depth of cal�ces about 1 mm.  Cal�ces spaced 1-2 mm apart, 
or about 6-10 mm between cal�cular centers.

Septa well-developed, exsert, lam�nar, sol�d, and 
structurally cont�nuous as septocostae.  Number of septa 
var�able from 12 to 24 and d�rectly related to d�ameter of 
cal�ce.  For examples: CD 3.5 mm, 12 septa; CD 5.0 mm, 14 
septa; CD 5.5 mm, 22 septa.  Septa hexamerally arrayed �n at 
least two complete cycles w�th some of those of th�rd cycle 
usually present also, but weakly developed.  S�ze relat�onsh�p 
among septa: S1>S2>>S3.  S1 blade-shaped �n cross sect�on, 
stra�ght, relat�vely th�ck, about 0.5 mm �n w�dth, tapered 
ax�ally, and 2.0 mm �n length (for CD of 5.0 mm) or about 
four-fifths distance from wall to corallite axis.  S2 usually 
wedge-shaped �n cross sect�on, the�r w�dth about equal to that 
of S1 at junct�on w�th wall, but the�r length only about half that 
of S1 or about two-fifths distance from wall to corallite axis.  
S3 very weakly developed, wedge- or blade-shaped �n cross 
sect�on, �nserted per�pherally along cal�cular marg�n, about 
0.3 mm �n w�dth at junct�on w�th wall, and very short, usually 
less than 0.5 mm.  Interseptal spaces between S1 and S2 about 
0.5-0.7 mm, those between S3 and adjacent septa sl�ghtly 
narrower.  Synapt�culae absent.  Lateral surfaces of septa 
appear smooth except for numerous fus�ons w�th endothecal 
d�ssep�ments.  Septal marg�ns smooth; �nner edges laterally 
free orally, or�ented vert�cally, and somet�mes b�furcated at 
junct�ons w�th endothecal d�ssep�ments.  Pal� absent.

Columella absent.  Ax�al reg�on del�neated by vert�cally 
al�gned �nner edges of S1, about 1.0 mm �n d�ameter or 
approximately one-fifth CD, hollow orally, and occupied by 
endothecal d�ssep�ments aborally.

Wall weakly to moderately well-developed, parathe-
cal, those of closely adjacent corallites laterally confluent as 
a common, shared mural structure about 1-2 mm �n w�dth.  
Parathecal d�ssep�ments ves�cular, th�n, typ�cally arched con-
vex orally, 1-2 mm �n w�dth, and vert�cally spaced 0.5-1.0 
mm apart.  Endothecal d�ssep�ments mostly tabular, abun-
dant, laterally cont�nuous, very th�n, generally or�ented con-
cave orally across d�ameter of corall�te, vert�cally spaced 
about 0.5 mm apart per�pherally, and or�ented subhor�zontal 
and sl�ghtly more closely spaced ax�ally.  Exothecal d�ssep�-
ments structurally s�m�lar to those of endotheca.

Costae robust, vert�cally cont�nuous, and structurally 
cont�nuous w�th septa.  W�dth of costae equal to that of 
respect�ve septa.  He�ght of costae subequal, attenuated 
abax�ally; C1 up to 1 mm, those of subsequent cycles sl�ghtly 
lower.  W�dth of �ntercostal furrows equal to that of �nterseptal 
spaces at junct�on w�th wall and w�dened d�stally toward 
per�pheral marg�n of corall�te.  Costae of adjacent corall�tes 
typically nonconfluent or sometimes subconfluent.

Etymology.  The spec�es �s named for Toc�, an Aztec goddess 
of the Earth.

Types.  Holotype IGM-7041, w�th two th�n sect�ons (M-18 
and M-19); and paratype IGM-7042.  The holotype �s 70 x 
120 mm �n w�dth and 90 mm �n he�ght, and the paratype �s 
90 x 130 mm �n w�dth and 60 mm �n he�ght.  The holotype 
spec�men �s recrystall�zed, but �nternally the general 
morphology of the skeletal arch�tecture �s preserved well 
enough to perm�t a fa�rly complete descr�pt�on.  The external 
morphology of the paratype corallum �s badly weathered 
and �nternally the skeletal structure �s thoroughly coarsely 
recrystall�zed.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.
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Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The holotype 
corallum �s from the coral reef hor�zon of the upper member 
of the Mal Paso Format�on; the paratype corallum �s from 
the lower port�on of un�t MP9, wh�ch �s strat�graph�cally just 
below the reef hor�zon

.
Discussion.  Th�s spec�es �s most s�m�lar to the spec�es descr�bed 
earl�er, P. coatlicuae n. sp.  However, P. tocae n. sp. possesses 
corall�tes that are more closely spaced and the corallum tends 
to be less ploco�d and more subcer�o�d.  Add�t�onal d�fferences 
�nclude the var�able and typ�cally h�gher number of septa and 
the general lack of well-developed coenosteum.  As w�th P. 
coatlicuae n. sp., corall�tes of P. tocae n. sp. also lack an outer 
wall.  Refer to the d�scuss�on g�ven for P. coatlicuae n. sp. for 
comment on wall structures of th�s genus.

Suborder Fav��na Vaughan and Wells, 1943
Fam�ly Montl�valt��dae D�etr�ch, 1926

Genus Latiphyllia Fromentel, 1861

Latiphyllia Fromentel, 1861, p. 164; Wells, 1956, p. F399.
Glyphephyllia Fromentel, 1873, p. 463-465, pl. 96, figs. 1-

1c, pl. 97, figs. 1, 1a, pl. 99, figs. 1-1b.

Type species.  Lobophyllia requienii M�chel�n, 1841 (p. 
18, pl. 4, fig. 6), by subsequent designation (Wells, 
1936, p. 114).

Latiphyllia mexicana new species
F�gure 32

Diagnosis.  Corallum typically phaceloid, flabellate, and 
relat�vely large �n s�ze.  Cal�cular d�ameters larger than those 
of other members of genus: LCD typ�cally 30-40 mm, GCD 
45-125 mm.  Costae laterally spaced 3-4 per 5 mm. 

Description.  Corallum colon�al, attached, phacelo�d, 
flabellate to meandroid, and costate.  each corallum 

composed of single laterally continuous flabellate series.  
Smaller, �mmature spec�mens sol�tary �n appearance and 
con�cal or trocho�d.  Colony format�on by polystomodaeal 
l�near �ntratentacular budd�ng.

Each corall�te or ser�es essent�ally compr�ses one 
corallum.  Corall�te (ser�es) laterally compressed, cyl�ndr�cal 
or flabellate in shape.  Series laterally continuous, straight, 
gently curved or contorted, free-stand�ng, and phacelo�d 
�n appearance.  Cal�ce monocentr�c (�mmature) through 
polycentr�c (mature ser�es).  Cal�cular marg�n c�rcular 
(�mmature) to h�ghly ell�pt�cal and contorted ell�pt�cal �n 
outl�ne.  Depth of cal�ce unknown.

Septa well-developed, non-exsert(?), lam�nar, �rregu-
larly porous, relat�vely th�n, and structurally cont�nuous w�th 
costae.  Septa numerous, typ�cally more than 100 �n number 
in larger coralla, and arranged in five cycles.  Size relation-
sh�p among septa: S1=S2≥S3>S4>S5.  Septa hexamerally ar-
ranged �n smaller coralla, but b�laterally arranged �n ser�es 
of larger spec�mens due to mode of colony format�on (�ntrat-
entacular budding).  Primary septa, those of first and second 
cycles, extend to ax�al reg�on of corallum; septa of h�gher 
cycles shorter, extended from three-fourths to half d�stance 
form wall to ax�s.  Septa blade-shaped �n transverse cross 
sect�on, generally stra�ght or gently curved, and relat�vely 
th�n, about 1 mm or less �n th�ckness.  Interseptal spaces 
typ�cally w�der than adjacent septa.  Lateral surfaces of septa 
appear granulate or car�nate.  Synapt�culae absent.  Deta�ls of 
septal marg�ns not observed.  Pal� absent.  Columella absent; 
ax�s of corallum occup�ed by endothecal d�ssep�ments and 
ax�al edges of larger septa.

Wall well-developed, parathecal, and relat�vely th�ck.  
Parathecal d�ssep�ments ves�cular, th�n, convex oral-ax�ally, 
laterally cont�nuous w�th endothecal d�ssep�ments, and 
vert�cally �rregularly spaced about 1-2 mm apart.  Endothecal 
d�ssep�ments well-developed, abundant, ves�cular, and 
s�m�lar �n structure and spac�ng to those of paratheca.

Ep�theca occas�onally present, but very th�n and 
both laterally and vert�cally d�scont�nuous.  Costae well-
developed and compr�sed of d�stal term�nat�ons of septa.  

F�gure 31.  Preverastraea tocae n. sp., holotype IGM-7041, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km 
north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Deta�l of port�on of weathered oral surface of corallum, scale bar = 1 cm; 2, transverse 
th�n sect�on of several corall�tes; note ploco�d aspect of corall�te arrangement and lack of secondary outer, same scale as F�gure 31.1; 3, long�tud�nal th�n 
sect�on of upper port�on of corallum; note well-developed parathecal wall of corall�tes and absence of outer wall, same scale as F�gure 31.1; 4, transverse 
th�n sect�on, deta�l of corall�te ax�s, septa, and parathecal wall, scale bar = 1 mm; 5, long�tud�nal th�n sect�on, deta�l of two parathecal walls and tabular to 
ves�cular d�ssep�ments, same scale as F�gure 31.4; 6, transverse th�n sect�on, deta�l of bored(?) septa and parathecal wall, same scale as F�gure 31.4.
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Costae laterally spaced 3-4 per 5 mm.  Intercostal furrows 
w�der than costae and very shallow �n depth.

Etymology.  The spec�es �s named for the country of 
Mex�co.

Types.  Holotype IGM-7043; figured paratype IGM-7044, 
w�th one th�n sect�on (M-60); and 15 other paratypes, IGM-
7045, IGM-7046, IGM-7047, IGM-7048, IGM-7049, IGM-
7050, IGM-7051, IGM-7052, IGM-7053, IGM-7054, IGM-
7055, IGM-7056, IGM-7723, IGM-7724, and IGM-7725.  
Measurements of the spec�mens are g�ven �n Table 1.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 

of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

All of the coralla are recrystall�zed and most of them 
are �ncomplete; the or�g�nal oral surfaces and edges of cal�ces 
are not preserved on the spec�mens.  The depth of the cal�ce 
or ser�es �s unknown because the actual cal�cular marg�ns of 
the spec�mens are not preserved.  The basal apexes of most 
of the coralla are also m�ss�ng, but the lowermost preserved 
port�ons of a few of the spec�mens w�th m�ss�ng apexes are 
sharply curved to one s�de.  Bor�ngs of endol�th�c b�valves 
were observed �n several of the spec�mens; most of these 
bor�ngs are nearly perpend�cular to the surfaces of the host 
corals and they penetrate them from all s�des.  These latter 
two observat�ons �nd�cate that the growth pos�t�on of the 
corals was an upr�ght, phacelo�d or�entat�on and that the 
corals l�ved attached to some hard substrate.

F�gure 32.  Latiphyllia mexicana n. sp., upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chumbítaro, 
M�choacán, �n the State of Guerrero, Mex�co.  1, Holotype IGM-7043, lateral (GCD) v�ew of corallum, scale bar = 1 cm; 2, paratype IGM-7044, transverse 
th�n sect�on, scale bar = 1 cm; 3, same spec�men, transverse th�n sect�on, deta�l of three septa and ves�cular d�ssep�ments of endotheca; ax�s of corallum 
toward left, wall of corallum toward r�ght, scale bar = 1 mm.
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Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The major�ty of 
the spec�mens, �nclud�ng the holotype, were collected from 
the coral reef hor�zon �n the upper member of the Mal Paso 
Formation.  One of the paratypes was found stratigraphically 
below th�s hor�zon, �n un�t MP5, and another spec�men was 
collected from a h�gher bed, un�t MP17.

Discussion.  The spec�es descr�bed above possesses 
morpholog�cal character�st�cs that are d�fferent from those of 
the other Cretaceous members of the genus Latiphyllia.  One 
of the most apparent d�st�ngu�sh�ng features of L. mexicana 
n. sp. �s the relat�vely broader w�dth or LCD of the ser�es, 
typ�cally 30-40 mm.

Latiphyllia sinuosa (Reuss, 1854), possesses ser�es that 
are normally only 15 mm �n w�dth, although a max�mum of 30 
mm has been reported for one spec�men (Hackemesser, 1936, 
p. 35).  Latiphyllia neocomiensis Fromentel, 1873 (p. 461-462, 
pl. 111, figs. 1, 1a), possesses series that are relatively more 
narrow �n w�dth, 10-20 mm.  The spec�es of Glyphephyllia de-
scr�bed by Fromentel (1873, p. 463-465), G. dumortieri, G. 
flabellata, and G. excelsa, possess narrow ser�es, 6-8 mm, 10-
14 mm, and 10-12 mm, respect�vely, whereas ser�es of L. mex-
icana n. sp. are w�der, most commonly 30-40 mm �n w�dth.  
Glyphephyllia crassisepta Hackemesser, 1936 (p. 37, pl. 5, 
figs. 1-2), is most morphologically similar to the Mexican spe-
c�es, but the ser�es are typ�cally more narrow, 25-35 mm �n 
w�dth.  Some of the smaller coralla of L. mexicana n. sp. super-
ficially resemble the genus Montlivaltia Lamouroux, 1821.

Genus Thecosmilia M�lne Edwards and Ha�me, 1848b (p. 468)

Type species.  Lithodendron trichotomum Goldfuss, 1826 (p. 
45, pl. 13, fig. 6).

Thecosmilia guerreroensis new species
F�gure 33

Diagnosis.  Corallum relat�vely small for genus.  Corall�tes 
monocentr�c, elongate, tapered aborally, and laterally free 
orally.  CD 12-15 mm.  Septa relat�vely few �n number, 
typ�cally 24, and arranged hexamerally �n three cycles.

Description.  Corallum colon�al, attached, phacelo�d and 
costate.  Corallum of s�ngle, weathered spec�men 7.5 x 5.0 
cm �n w�dth, 9.0 cm �n he�ght, and compr�sed of port�ons of 
17 corall�tes.  Colony format�on by extratentacular budd�ng.  
Each branch of corallum composed of a s�ngle, elongate 
corall�te.  Branches arranged parallel or subparallel to each 
other.

Corall�tes con�cal, cerato�d, elongate, often sl�ghtly 
curved or scoleco�d, and tapered aborally.  Basal angle about 
20-25 degrees.  Corall�tes closely spaced, 0-5 mm apart, and 
somet�mes �n lateral contact, but not fused to each other.  
Corall�tes up to at least 8.5 cm �n he�ght, oral ends 12-15 
mm �n d�ameter, aboral ends as small as 4 mm.  Cal�ces 
exclus�vely monocentr�c.  Cal�cular marg�ns c�rcular to 
subc�rcular �n outl�ne, CD 12-15 mm.  Cal�ces about 3-5 mm 
�n depth w�th hollow central ax�al reg�on.

Table 1.  Measurements of Latiphyllia mexicana n. sp. coralla from the up-
per member of the Mal Paso Format�on, state of Guerrero, Mex�co.  LCD = 
lesser cal�cular d�ameter; GCD = greater cal�cular d�ameter; H = he�ght.

Measurements (mm)

Spec�men LCD GCD H

holotype

IGM-7043 30 60 100

paratypes

IGM-7044 30 50 120

IGM-7045 32 87 93

IGM-7046 32 81 115

IGM-7047 58 60 160

IGM-7048 50 107 124

IGM-7049 40 125 80

IGM-7050 30 46 61

IGM-7051 38 60 70

IGM-7052 32 100 90

IGM-7053 40 66 85

IGM-7054 38 60 60

IGM-7055 38 46 36

IGM-7056 32 55 102

IGM-7723 26 36 27

IGM-7724 38 65 75

IGM-7725 35 56 75
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Septa well-developed, weakly exsert, lam�nar, mostly 
sol�d and vert�cally cont�nuous, w�th few sparsely d�str�buted 
perforat�ons of 0.2-0.5 mm d�ameter (some poss�bly 
bor�ngs?).  Trabecular m�crostructure not preserved.  About 
four trabeculae per mm along vert�cally or�ented sect�on of 
S1.  Septa structurally cont�nuous w�th costae.  Septa typ�cally 
24 �n number and hexamerally arrayed �n three cycles; some 
septa of fourth cycle occas�onally present �n larger cal�ces 
(one w�th CD of 14 mm has 30 septa).  S�ze relat�onsh�p 
among septa: S1>S2>S3(>S4).  Septa blade-shaped �n cross 
sect�on and usually stra�ght and laterally crenulate.  S1 about 
0.2 mm �n w�dth and nearly half the CD �n length.  S2 sl�ghtly 
th�nner than S1 and about one-fourth the CD �n length, or half 
the d�stance from wall to corall�te ax�s.  S3 sl�ghtly th�nner 
than S2 and about one-e�ghth the CD �n length, or one-fourth 
the d�stance from wall to corall�te ax�s.  Interseptal spaces 
relatively wide, about 1 mm, or about five times width of 
adjacent septa.  Synapt�culae absent.  Lateral surfaces of 
septa uneven, usually crenulate �n appearance, poss�bly 
add�t�onally d�srupted by fus�on of numerous endothecal 
d�ssep�ments.  Septal marg�ns m�nutely granulated or dentate.  
Ax�al port�ons of septal marg�ns laterally free except for 
connect�ons to d�ssep�ments.

Columella absent.  Ax�al reg�on often ell�pt�cal �n cross 
section, approximately 0.5-2.0 mm in diameter as defined 
by vert�cally al�gned �nner marg�ns of the s�x S1, and hollow 
orally, but part�t�oned by numerous, subhor�zontal, tabular 
endothecal d�ssep�ments deep w�th�n cal�ce and aborally.

Wall well-developed, mostly sol�d w�th few holes 
or perforat�ons (some poss�bly bor�ngs?), about 0.3 mm 
�n th�ckness.  Wall structure appears pr�mar�ly parathecal, 
but poss�bly also partly synapt�culothecal or septothecal, 
occas�onally w�th th�n external layer of exothecal 
d�ssep�ments.  Endothecal d�ssep�ments abundant and 
typ�cally developed �n two d�st�nct zones: a per�pheral zone 
of ves�cular d�ssep�ments (poss�bly parathecal �n or�g�n) 
about 1.5-2.0 mm �n th�ckness, and a central zone of tabular 
d�ssep�ments.  Ves�cular d�ssep�ments of per�pheral zone 

about 0.5-2.0 mm �n w�dth, convex orally and concave 
aborally �n vert�cal cross sect�on v�ew, and vert�cally spaced 
0.5-1.5 mm apart.  D�stal or outermost port�on of ves�cular 
zone poss�bly �ncorporated �nto wall structure.  Tabular 
d�ssep�ments of central zone generally or�ented concave oral-
ax�ally and nearly hor�zontal ax�ally.  Tabular d�ssep�ments 
mostly laterally cont�nuous and vert�cally spaced about 1 
mm apart.  Prox�mal or �nnermost boundary of ves�cular 
zone w�th central tabular zone appears �n transverse cross 
sect�on as a sem�cont�nuous r�ng or pseudotheca pos�t�oned 
concentr�cally 1.5-2.0 mm w�th�n true outer wall.  Boundary 
between per�pheral ves�cular and central tabular endothecal 
zones typ�cally co�nc�dent w�th, and fused to, �nner septal 
marg�ns of S3.  Outer zone of exothecal dissepiments, similar 
�n structure to that of ves�cular endothecal zone, somet�mes 
present on aboral areas of corallum.

Costae typ�cally well-developed, subequal, wedge-
shaped �n cross sect�on, and structurally cont�nuous w�th 
septa.  Costae w�der than septa, about 1 mm �n w�dth and 1 
mm �n he�ght; crests of costae normally sharp and laterally 
spaced 1.5-2.0 mm apart.  Intercostal furrows about 1 mm 
in width, 1 mm in depth, and usually concave or nearly flat, 
but sometimes partially filled by exothecal dissepiments and 
convex, or ent�rely covered by d�ssep�ments.  Surfaces of 
costae appear granulated �n some cross sect�on v�ews, about 
6-7 granules per mm vertically.  Outer surface of corallum 
mostly smooth or finely granulated in similar manner.

Etymology.  The spec�es name �s der�ved from the Mex�can 
state of Guerrero, where the type spec�men was found, by 
adding the Latin suffix -ensis = place.

Types.  Holotype IGM-7726, w�th two th�n sect�ons (M-24 and 
M-25).  The spec�men �s a weathered part of a corallum wh�ch 
exh�b�ts port�ons of at least 17 corall�tes.  The type stratum �s the 
upper member of the Mal Paso Format�on, upper Alb�an-lower 
Cenoman�an.  The type local�ty �s �n the state of Guerrero, just 
north of the border w�th the adjacent state of M�choacán, about 

F�gure 33.  Thecosmilia guerreroensis n. sp., holotype IGM-7726, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 
km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Lateral v�ew of weathered surface of corallum �n l�mestone matr�x, scale bar = 1 
cm; 2, transverse thin section, scale bar = 1 cm; 3, longitudinal thin section, one corallite in left three-fourths of figure and a portion of another corallite along 
r�ght marg�n; note outer layer of ep�theca along left marg�n, same scale as F�gure 33.2; 4, transverse th�n sect�on, deta�l of S1 and two smaller adjacent S3, 
scale bar = 1 mm; 5, long�tud�nal th�n sect�on of half of one corall�te, deta�l of ves�cular parathecal d�ssep�ments, wall, and outer layer of ep�theca on left of 
figure, axis of corallite toward right, same scale as Figure 33.4; 6, longitudinal thin section of half of one corallite, detail of vesicular parathecal dissepiments 
and wall on right of figure, tabular endothecal dissepiments in axial region of corallite on left of figure, same scale as Figure 33.4.
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0.75 km north of the rural v�llage of Chumbítaro, M�choacán.  
The coord�nates of th�s local�ty, as determ�ned from the 
Mex�can 1:50,000 scale Coyuca de Catalán (E14A74) topo-
graph�c map, are: 18° 29.3’ N, 100° 42.5’ W.

Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The s�ngle 
specimen was found in float debris on unit MP10, but it may 
have been der�ved from un�t MP11; both un�ts are a few 
meters strat�graph�cally below the coral reef hor�zon �n the 
upper member of the Mal Paso Format�on.

Discussion.  Thecosmilia guerreroensis n. sp. d�ffers from 
the other members of Thecosmilia that have been reported 
from the Cretaceous of Mex�co, Texas, and Venezuela.  Two 
spec�es, Thecosmilia tobleri Koby, 1897 (p. 38, pl. 13, figs. 1-
4) and T. oaxaquensis Reyeros, 1983 (p. 24, pl. 11, fig. 2, pls. 
12-14), have been descr�bed from the Alb�an-Cenoman�an 
age teposcolula Limestone at Coixtlahuaca, state of Oaxaca, 
Mex�co (Reyeros, 1983, p. 24, pls. 11-14).  The Mex�can 
spec�men of T. tobleri (IGM-2725) pr�mar�ly d�ffers from T. 
guerreroensis n. sp. by the w�der branches (corall�tes) that 
range from 14-20 mm �n d�ameter and the more numerous 
septa, as many as 48, �n four complete cycles.  The other 
species from Oaxaca, T. oaxaquensis (IGM-2726 through 
IGM-2729), pr�mar�ly d�ffers from T. guerreroensis n. sp. 
by the narrower branches (corall�tes) that range from 6-9 
mm �n d�ameter.  Another spec�es of Thecosmilia, T. bassa-
nii Prever, 1909 (p. 80-81, text fig. 6, pl. 3, fig. 6), from the 
m�ddle Alb�an strata of the Esp�nazo del D�ablo Format�on 
�n the Lampazos area of the state of Sonora, Mex�co (Baron-
Szabo and González-León, 1999, p. 472, fig. 2f), mainly dif-
fers from T. guerreroensis n. sp. by the narrower monocentr�c 
corall�tes that range from 7-11 mm �n d�ameter and the more 
abundant septa, from 30 to 40 �n number.

Thecosmilia(?) sp. Wells (1932, p. 240-241, pl. 30, 
fig. 3), from the upper Aptian lower Glen Rose Formation 
on Blanco R�ver, Hays County, Texas, has corall�tes that are 
about the same d�ameter as those of T. guerreroensis n. sp., 

but at least tw�ce as many septa, about 60, are present, half of 
wh�ch reach the ax�s of the corall�te.

Two spec�es of Thecosmilia have been reported from 
the Lower Cretaceous upper Barranquín Format�on of 
northeastern Venezuela: T. tobleri Koby, 1897, d�scussed 
above, from Port P�r�tú, state of Anzoátegu� (Gregory, 1927, 
p. 440), and T. cumanensis Wells, 1944b (p. 441, pl. 71, fig. 
2, pl. 73, figs. 4-7, pl. 74, fig. 1), from Las Cinco Ceibas, 
state of Sucre.  The latter spec�es pr�mar�ly d�ffers from T. 
guerreroensis n. sp. by the narrower corall�tes (branches) 
that range from 6-8 mm �n d�ameter and the more numerous 
septa, from 36 to 48 �n number.

Genus Elasmophyllia d’Ach�ard�, 1876

Elasmophyllia d’Ach�ard�, 1876, p. 149; Vaughan and Wells, 
1943, p. 161; Allo�teau, 1952, p. 614; Wells, 1956, 
p. F400.

Type species.  Elasmophyllia gigantea d’Ach�ard�, 1876 (p. 
149-150, pl. 8, figs. 4a-c, pl. 9, fig. 1).

Elasmophyllia tolmachoffana (Wells, 1932)
F�gure 34

Aplosmilia (?) tolmachoffana Wells, 1932, p. 234, pl. 30, fig. 
2, pl. 31, fig. 2.

Elasmophyllia tolmachoffana (Wells, 1932).  Hedberg and 
Pyre, 1944, p. 7; Wells, 1944b, p. 442, pl. 72, figs. 6, 
7, 8; Wells, 1948, p. 616, pl. 91, figs. 1, 2; (?)Reyeros, 
1983, p. 25-26, pl. 15, figs. 1, 2, 3, pl. 16, figs. 1, 2.

Description.  Corallum colon�al, attached, phacelo�d and 
weakly costate.  Shape of corallum mound-l�ke and low, w�dth 
generally greater than he�ght.  D�mens�ons of two coralla 
(length, w�dth, he�ght): 17 x 10 x 8 cm, and 14 x 9 x 12 cm.  
Upper surface as defined by oral ends of corallites overall 
generally convex.  Colony format�on by d�- or tr�stomodaeal 
�ntratentacular budd�ng w�th d�rect, lamellar l�nkages.

F�gure 34.  Elasmophyllia tolmachoffana (Wells, 1932), IGM-7727, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 
km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Lateral v�ew of weathered surface of corallum �n l�mestone matr�x, scale bar = 
1 cm; 2, transverse th�n sect�on of two adjacent corall�tes, scale bar = 1 cm; 3, long�tud�nal th�n sect�on, sect�on through corall�te on left pos�t�oned more 
centrally, that of corall�te on r�ght pos�t�oned more tangent�ally, same scale as F�gure 34.2; 4, transverse th�n sect�on, deta�l of columella and septa �n ax�al 
reg�on of corall�te, scale bar = 1 mm; 5, transverse th�n sect�on, deta�l of septa and d�ssep�ments �n per�pheral reg�on of corall�te, same scale as F�gure 34.4; 
6, transverse th�n sect�on, deta�l of columella, septa, and d�ssep�ments, same scale as F�gure 34.4.
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Branches subparallel, rad�ally arrayed, cyl�ndr�cal to 
flabellate, and vertically elongate.  each branch length com-
posed of a s�ngle vert�cally cont�nuous corall�te.  Branches 
frequently b�- or tr�furcated to form new branches.  New 
branches formed at low angle to parent branch, about 15-
25 degrees, and usually laterally connected to the parent for 
as much as several cm vert�cally.  D�ameter of cyl�ndr�cal 
branches typ�cally 8-12 mm, but as small as 6 mm on newly 
budded offshoots and up to at least 15 mm on mature branch-
es.  Larger diameter of laterally fused, elongate, or flabellate 
branches typ�cally greater than that of cyl�ndr�cal branches, 
up to 30 mm.  Branches laterally spaced 0-10 mm apart. 

Corallites generally cylindrical to flabellate, straight, 
laterally free or fused w�th parent corall�te, and frequently 
b�- or tr�furcated to form new branches.  D�mens�ons and 
arrangement of corall�tes the same as those g�ven for the 
branches.  Cal�ces mono-, d�-, or tr�centr�c.  Cal�cular marg�n 
of monocentr�c cal�ces c�rcular, subc�rcular or ell�pt�cal 
�n outl�ne, CD 6-15 mm.  GCD of d�- or tr�centr�c cal�ces 
usually larger, up to 24 mm for a d�centr�c cal�ce �n process 
of budd�ng.  Cal�ce concave orally, about 1-2 mm �n depth 
at center.

Septa well-developed, weakly exsert, lam�nar, pr�mar�ly 
sol�d w�th few, sparsely d�str�buted, �rregular perforat�ons 
or d�scont�nu�t�es.  Trabecular arch�tecture not preserved.  
Number of septa var�able and d�rectly related to d�ameter and 
development of cal�ce.  For examples: monocentr�c cal�ces, 
CD 6 mm, 30 septa; CD 7 x 8 mm, 38 septa; CD 11 mm, 
50 septa; CD 12 mm, 64 septa; and a tr�centr�c cal�ce, CD 
about 12 x 12 mm, 80 septa.  Septa generally hexamerally 
arrayed and inserted in from three to five cycles, the latter 
usually weakly developed and �ncomplete when present.  
S�ze relat�onsh�p among septa: S1≥S2>S3>S4>S5.  S1 and S2 
blade-shaped �n cross sect�on, about 0.1 mm �n w�dth, tapered 
ax�ally, and extend from wall to per�meter of ax�al reg�on, or 
to about 0.5 mm from corall�te ax�s.  S3 s�m�lar to S1 and S2, 
only sl�ghtly th�nner and shorter.  S4 th�nner and much shorter 
than S3, the�r length equal to about half the d�stance to the 
ax�s.  S5, when present, weakly developed and per�pheral, 
the cycle typ�cally �ncomplete.  W�dth of �nterseptal spaces 
relat�vely w�de, from 2 to 4 t�mes w�dth of adjacent septa.  
Synapt�culae absent.  Lateral surfaces of septa granulated, 
uneven or car�nate, poss�bly �n part due to lateral fus�ons 
w�th abundant endothecal d�ssep�ments.  Septal marg�ns 
appear smooth or uneven to finely dentate orally.  Inner 

edges of septal marg�ns typ�cally laterally free, although 
commonly one or two of the ax�ally opposed, parallel S1 
appear structurally cont�nuous w�th the lamellar columella.  
Per�pheral edges of septa cont�nuous �nto wall zone.

Columella weakly developed, lam�nar, vert�cally 
d�scont�nuous, often or�ented length parallel to, and often �n 
structural cont�nu�ty w�th, one or two of the ax�ally opposed 
S1.  Columella approx�mately 0.1 mm �n w�dth, or about equal 
to w�dth of prox�mal port�on of pr�mary septa, and usually 
about one-fifth the CD in length.  Axial region of corallite 
typ�cally clearly del�neated by spaces between prox�mal 
edges of septa (S1-S3) and columella.

Wall pr�mar�ly parathecal and secondar�ly weakly ep�-
thecal.  Parathecal wall zone 1.2-2.0 mm th�ck.  Parathecal d�s-
sep�ments ves�cular, arched convex orally, and vert�cally spaced 
1-2 per mm.  Endothecal d�ssep�ments abundant, tabular, later-
ally cont�nuous, arched sl�ghtly concave orally, or�ented nearly 
hor�zontal ax�ally, and vert�cally spaced 1-2 per mm.  Ep�theca 
weakly developed, th�n and d�scont�nuous.  Weathered surface 
of corallum appears str�ate or weakly costate.

Material examined.  Three coralla: the descr�bed corallum, 
IGM-7727, w�th three th�n sect�ons (M-29 through M-31); 
IGM-7728; and IGM-7729, w�th one th�n sect�on (M-32), a 
colony from un�t MP17.

Occurrence.  The upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an.  The local�ty �s �n the state 
of Guerrero, just north of the border w�th the adjacent state 
of M�choacán, about 0.75 km north of the rural v�llage of 
Chumbítaro, M�choacán.  The coord�nates of th�s local�ty are: 
18° 29.3’ N, 100° 42.5’ W.  Th�s spec�es �s common �n the 
coral reef horizon, unit MP13.  One corallum was collected 
from un�t MP17.

Th�s spec�es was or�g�nally descr�bed from the lower 
Alb�an of the lower Glen Rose Format�on, Texas (Wells, 
1932, p. 234), and subsequently reported from the upper 
Barranquín Format�on, Venezuela (Wells, 1944b, p. 442), 
the Lower Cretaceous of the Central Range, Tr�n�dad (Wells, 
1948, p. 616), and possibly the middle Cretaceous of Oaxaca 
(Reyeros, 1983, p. 26).

Discussion.  The morpholog�cal character�st�cs of the exam-
�ned coralla, except for the w�dth of �nterseptal spaces (from 2 
to 4 t�mes w�dth of adjacent septa), are well w�th�n the range 
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of those descr�bed for Elasmophyllia tolmachoffana (Wells, 
1932) and therefore the spec�mens are referred to that spec�es.

The spec�mens descr�bed by Reyeros (1983, p. 25-26), 
IGM-2731 (pl. 15, fig. 1) and IGM-2730 (pl. 15, figs. 2, 3, pl. 
16, figs. 1, 2), exhibit an atypical, heterogeneous morphology 
and thus they are doubtfully referred to th�s spec�es.  Spec�men 
IGM-2731, based on the single, lateral view (pl. 15, fig. 1) 
of a part�ally exposed branch �n matr�x, possesses corall�tes 
w�th d�ameters that range from 2.1 to 4.7 mm, a range that �s 
much smaller than that typ�cally descr�bed for th�s spec�es.  
The other spec�men, IGM-2730, �s one sample w�th several 
cross sect�ons of corall�tes exposed; all of these corall�tes 
probably do not belong to the same spec�es, nor even the 
same genus.  the specimen shown in plate 15, figure 2, is a 
weathered long�tud�nal sect�on of a branch w�th a d�ameter, �f 
the indicated magnification of x 8 is correct, of 2.5-3.1 mm.  
The weathered transverse sect�on of the corall�te shown �n 
plate 15, figure 3, has a CD of 5-5.75 mm, 46 septa, costae, 
and lacks a columella.  The corall�tes shown �n plate 16, 
figures 1 and 2, are morphologically very different from 
each other.  Plate 16, figure 1, is a transverse section view 
of a corall�te w�th a d�ameter of about 7.5 mm (not 6.7 mm, 
as calculated from the 43 mm d�ameter measured from the 
figure at a supposed magnification of x 6.4) and with about 
50 septa, robust costae, few endothecal d�ssep�ments, and no 
columella.  Plate 16, figure 2, is a slightly oblique transverse 
sect�on through two corall�tes w�th d�ameters of about 6.5 
mm (not 5 mm, as calculated from the 32 mm d�ameters 
measured from the figure at a supposed magnification of x 
6.4) and w�th about 38 septa, but no costae, and w�th some 
endothecal d�ssep�ments and a well-developed trabecular 
columella.  As �nd�cated above, all of these morpholog�cal 
features cannot be attr�buted to Elasmophyllia tolmachoffana 
(Wells, 1932), and thus the ass�gnment of these spec�mens to 
th�s spec�es seems doubtful.

Genus Mycetophyllopsis Oppenheim, 1930

Mycetophyllopsis Oppenheim, 1930, p. 377-379, pl. 16, figs. 
4, 4a; Vaughan and Wells, 1943, p. 160, pl. 25, fig. 
10; Allo�teau, 1952, p. 612; Wells, 1956, p. F399, 
fig. 294,3.

Type species.  Mycetophyllia antiqua Reuss, 1854 (p. 104-
105, pl. 23, fig. 9).

Diagnosis.  Corallum meandro�d.  Columella absent.  
Ambulacrum absent.  Ser�es laterally un�ted by low, shared 
parathecal wall.

Mycetophyllopsis azteca new species
F�gure 35

Diagnosis.  Corallum meandro�d, ser�es relat�vely few �n 
number.  Septa relat�vely th�n w�th w�de �nterseptal spaces.

Description.  Corallum colon�al, attached, poss�bly 
pedunculate, meandro�d, mass�ve, �nverted con�cal, laterally 
elongate, weakly costate, and compr�sed of relat�vely few 
ser�es.  Colony format�on by polystomodaeal �ntratentacular 
budd�ng w�th d�rect, lamellar l�nkages.

Corallites conical to flabellate, often in linear series 
and laterally elongate, and or�ented upward from base of 
colony.  Ser�es typ�cally d�scont�nuous, l�near, and separated 
from adjacent ser�es by low coll�ne formed by shared wall.  
Coll�nes typ�cally cont�nuous, very weakly developed, and 
relat�vely low �n he�ght w�th broadly rounded, septocostate, 
upper surfaces.  Ambulacrum absent.

Ser�es (cal�ces) typ�cally polycentr�c, rarely d�- or 
monocentric.  Calicular margins elliptical to flabellate, but 
most commonly h�ghly laterally elongate �n outl�ne.  CD of 
ser�es var�able, from about 12 mm �n w�dth (or LCD) x 25 
mm �n length (or GCD) to at least as large as 30 mm x 80 
mm.  Cal�ce relat�vely shallow, only about 1-2 mm �n depth.  
Coll�nes typ�cally narrow orally, about 2-4 mm �n w�dth, and 
broadened aborally.  D�stance between centers of laterally 
adjacent ser�es about 10-20 mm.

Septa well-developed, weakly exsert, lam�nar, 
pr�mar�ly sol�d, relat�vely th�n, and per�pherally cont�nuous 
as septocostae.  Number of septa var�able, usually abundant 
w�th�n ser�es, and commonly arrayed rad�ally around each 
cal�cular center.  Symmetry of septal arrangement and 
actual number of septal cycles obscured by polystomodaeal 
�ntratentacular fus�on w�th�n ser�es.  However, based on 
d�fferent s�zes of septa, at least three cycles appear to 
be developed.  Apparent s�ze relat�onsh�p among septa: 
S1≥S2>S3.  S1 lam�nar to blade-shaped �n cross sect�on, 
stra�ght or gently curved, and relat�vely th�n, only about 0.2 
mm �n w�dth.  Length of S1 usually sl�ghtly less than half CD.  
S2 s�m�lar to S1 �n every respect except often sl�ghtly shorter 
�n length.  S3, or those of h�gher cycles, structurally s�m�lar to 
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F�gure 35.  Mycetophyllopsis azteca n. sp., upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chumbítaro, 
M�choacán, �n the State of Guerrero, Mex�co.  1, Holotype IGM-7730, lateral v�ew of corallum, scale bar = 1 cm; 2, same spec�men, oral v�ew of coral-
lum, same scale as F�gure 35.1; 3, paratype IGM-7731, transverse th�n sect�on, septa of parts of two cal�cular centers, scale bar = 1 cm; 4, same spec�men, 
long�tud�nal th�n sect�on, ves�cular d�ssep�ments of endotheca and paratheca, same scale as F�gure 35.3; 5, same spec�men, transverse th�n sect�on, deta�l 
of septa, part�ally recrystall�zed, scale bar = 1 mm; 6, same spec�men, long�tud�nal th�n sect�on, deta�l of ves�cular d�ssep�ments of paratheca, same scale as 
F�gure 35.5.
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those of prev�ous cycles, usually weakly developed, �nserted 
per�pherally along ser�es marg�n, and very much shorter than 
S2.  Lamellar l�nkages between cal�cular centers w�th�n ser�es 
typically consist of 3-5 septa of first or second cycles aligned 
parallel w�th each other �n a zone about 3-4 mm �n w�dth.  
Synapt�culae absent.  Interseptal spaces relat�vely broad, 
about 1 mm in width or about five times width of adjacent 
septa.  Lateral surfaces of septa pr�mar�ly smooth but often 
broadly undulated or car�nate �n appearance due to numerous 
fus�ons w�th endothecal d�ssep�ments.  Septal marg�ns beaded 
orally from term�nat�ons of septal trabeculae; beads spaced 
about 4 per mm along upper marg�ns.  Inner edges of septa 
usually laterally free except for fus�ons w�th d�ssep�ments.

Columella absent.  Ax�al reg�on about 2 mm �n 
d�ameter, or about one-tenth LCD, hollow orally, and often 
occup�ed by endothecal d�ssep�ments and occas�onally some 
S1 or S2 aborally.

Wall parathecal and relat�vely th�ck, those of laterally 
adjacent series invariably fused into a common, confluent, 
shared mural structure about 5-7 mm �n w�dth.  Parathecal 
d�ssep�ments �rregularly shaped, ves�cular to somewhat 
laterally cont�nuous and tabular �n appearance, and vert�cally 
spaced about 0.5-1.0 mm apart.  Endothecal d�ssep�ments 
abundant and structurally s�m�lar to, and cont�nuous w�th, 
those of parathecal wall.

Costae weakly developed, subequal, structurally con-
t�nuous w�th septa, and laterally spaced about 1 mm apart, or 
about 3-5 costae per 5 mm.  Costae of adjacent ser�es usually 
either confluent or subconfluent.  epitheca weakly developed 
when present and both vert�cally and laterally d�scont�nuous.

Etymology.  The spec�es �s named for the anc�ent people of 
Mex�co, the Aztec.

Types.  Holotype IGM-7730; paratype IGM-7731, w�th two 
th�n sect�ons (M-11 and M-12); and paratype IGM-7732.  
Measurements of these spec�mens are g�ven �n Table 2.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Table 2.  Measurements of Mycetophyllopsis azteca n. sp. coralla from the 
upper member of the Mal Paso Format�on, state of Guerrero, Mex�co.  The 
basal port�on of the second paratype �s not preserved.

Measurements (mm)

Spec�men w�dth length he�ght

holotype

IGM-7730 53 95 56

paratypes

IGM-7731 60 90 50

IGM-7732 57 92 38

Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The type 
spec�mens were collected from the coral reef hor�zon of the 
upper member of the Mal Paso Format�on.

Discussion.  Only two species of Mycetophyllopsis are known, 
the type spec�es Mycetophyllopsis antiqua (Reuss, 1854), 
and the spec�es descr�bed here�n as new.  Mycetophyllopsis 
azteca n. sp. pr�mar�ly d�ffers from the type spec�es by 
the less robustly developed septa and the relat�vely w�der 
�nterseptal spaces.  The s�zes of the coralla of these two 
spec�es are remarkably s�m�lar based on compar�son of the 
mater�al exam�ned here�n and the measurements of the type 
spec�men, 68 x 90 mm �n w�dth and 52 mm �n he�ght, g�ven 
by Oppenheim (1930, p. 378).

Suborder Astreo�na Allo�teau, 1952
Fam�ly Fav��dae Gregory, 1900

Discussion.  Refer to the d�scuss�on of th�s fam�ly g�ven �n 
the first part of the section on systematic paleontology.

Genus Eohydnophora Yabe and Eguch�, 1936

Type species.  Eohydnophora tosaensis Yabe and Eguch�, 
1936 (p. 142-143, figs. 1-3).

Eohydnophora picteti (Koby, 1897)
F�gure 36

Hydnophora picteti Koby, 1897, p. 45, pl. 8, figs. 1-2; de 
Angelis d’Ossat, 1905c, p. 26-27, pl. 2, figs. 1-2; 
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?Prever, 1909, p. 83-84, pl. 27, fig. 3; Kochansky-
Devidé, 1951, p. 107; Marković, 1951, p. 189, pl. 
4, figs. 2a-b.

Felixigyra sp. ind. 1 Morycowa, 1964, p. 53-54, pl. 9, fig. 4, 
pl. 10, fig. 6, text fig. 8.

Felixigyra sp. Morycowa and Lefeld, 1966, p. 528-529, pl. 
32, fig. 6a-b.

Felixigyra picteti (Koby, 1897).  Scott, 1990, p. 13-16, 31, 
40, fig. 10G. 

Eohydnophora picteti (Koby, 1897).  Eguch�, 1951, p. 14, pl. 
2, fig. 7; Morycowa, 1971, p. 65-66, pl. 13, fig. 1; 
turnšek and Buser, 1974, p. 95, 113-114, pl. 5, figs. 
3-4; turnšek and Buser, 1976, p. 50, 75, pl. 4, figs. 
3-6; turnšek and Mihajlović, 1981, p. 18, pl. 12, 
figs. 4-6; Morycowa, 1984, p. 83, pl. 21, figs. 1-2; 
Morycowa, 1989, p. 63, pl. 22, figs. 1-2; Morycowa 
and Decrouez, 1993, p. 206-207, pl. 1, figs. 3-4; 
Masse and Morycowa, 1994, p. 435-438, pl. 1, figs. 
1-5, text fig. 3; Abdel-Gawad and Gameil, 1995, p. 
16, pl. 13, figs. 7-9; turnšek, 1997, p. 86, pl. 86, 
figs. A-G.

Description.  Corallum colon�al, attached, hydnophoro�d, 
mass�ve to ramose, non-costate, and relat�vely small �n s�ze.  
Branches cyl�ndr�cal or lath-shaped.  Corall�tes laterally 
weakly �nterconnected, valleys relat�vely short, shallow, 
and superficially confluent; walls relatively short and 
d�scont�nuous.

Series (calices) superficially continuous, confluent oral-
ly, relat�vely shallow, about 1.2-3.0 mm �n w�dth and 1.0-1.5 
mm �n depth, w�th gently sloped s�des.  Coll�nes d�scont�nuous 
and sl�ghtly protuberant; shape var�able from equant, acutely 
aster�form to laterally elongate.  Coll�nes relat�vely narrow, 
typ�cally about 0.2-0.5 mm �n w�dth, usually very short, 0.5-
1.8 mm �n length, and 1.0-1.5 mm �n he�ght.  Coll�nes gen-
erally r�dge-l�ke w�th rounded crests.  Colony format�on by 
c�rcummural polystomodaeal �ntratentacular (hydnophoro�d) 
budding.  Calices superficially confluent, polycentric, the di-
mens�ons the same as those g�ven for the ser�es.

Septa well-developed, non-exsert, lam�nar, and sol�d.  
Septa arrayed perpend�cular to cal�cular centers and rad�ally 
from coll�nes; septal symmetry w�th�n ser�es not apparent.  
Septa numerous, mostly equal, and extended nearly ent�re 
d�stance from coll�ne to center of ser�es.  D�st�nct cycles of 
septa �nd�scern�ble, but a few weakly developed septa may 
belong to a secondary cycle.  Septa lam�nar to sl�ghtly blade-
shaped �n cross sect�on, usually stra�ght, and laterally spaced 
about 3 per 2 mm of coll�ne length.  Septa sl�ghtly th�cker 
near junct�on w�th coll�ne, about 0.15-0.4 mm �n w�dth, and 
gently tapered ax�ally.  Septa commonly about 1.0-1.8 mm 
�n length.  Lateral surfaces of septa sl�ghtly uneven.  Upper 
septal marg�ns smooth; �nner edges not observed.  Pal� and 
columella absent.

Wall septothecal, sol�d, laterally d�scont�nuous, 
relat�vely th�n, about 0.2-0.5 mm �n w�dth, and structurally 
equ�valent to coll�ne.  Endothecal d�ssep�ments pr�mar�ly 
tabular, th�n, and vert�cally spaced about 5 per 2 mm.  
Exothecal d�ssep�ments w�th�n coll�nes absent.  Costae 
absent, septa structurally confluent into collines.

Material examined.  Three fragments of coralla: IGM-7733, 
a fragment of a lath-shaped branch 50 x 20 mm �n w�dth and 
60 mm �n he�ght, the surface of wh�ch �s shown �n F�gure 
36.1; IGM-7734, a fragment of a cyl�ndr�cal branch 50-60 
mm �n d�ameter and 80 mm �n he�ght, w�th two th�n sect�ons 
(M-46 and M-47); and IGM-7735, a small fragment of a 
branch about 35 x 25 mm �n w�dth and 45 mm �n he�ght.  The 
skeletal mater�al �s recrystall�zed and the m�crostructure �s 
not preserved.

Occurrence.  The upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an.  The local�ty �s �n the state 
of Guerrero, just north of the border w�th the adjacent state 
of M�choacán, about 0.75 km north of the rural v�llage of 
Chumbítaro, M�choacán.  The coord�nates of th�s local�ty 
are: 18° 29.3’ N, 100° 42.5’ W.  The few spec�mens of th�s 
spec�es were found �n the coral reef hor�zon, thus �t probably 
was an uncommon component of the reef b�ota.

F�gure 36.  Eohydnophora picteti (Koby, 1897), upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chum-
bítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, IGM-7733, deta�l of weathered oral surface of corallum fragment, scale bar = 1 cm; 2, IGM-7734, 
transverse thin section, corallum recrystallized, same scale as Figure 36.1; 3, same specimen, longitudinal (upper half of figure) and oblique longitudinal 
(lower half of figure) thin section, same scale as Figure 36.1; 4, same specimen, transverse thin section, detail of collines and septa, scale bar = 1 mm; 5, 
same spec�men, long�tud�nal th�n sect�on, deta�l of tabular d�ssep�ments and wall, same scale as F�gure 36.4; 6, same spec�men, transverse th�n sect�on, deta�l 
of coll�nes, septa, and d�ssep�ments, same scale as F�gure 36.4.
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The only other reported occurrences �n North Amer�ca are 
from the Alb�an Stuart C�ty Format�on and the lower Alb�an 
Rodessa L�mestone of Texas, and the Mural L�mestone 
(Scott, 1990, p. 10, 14, 31).  Most other occurrences of th�s 
spec�es are from older strata �n Europe.

Th�s spec�es also has been reported from the Urgon�an 
(probably Barrem�an) of Sw�tzerland (types), the lower 
Barrem�an of France, the Barrem�an and lower Apt�an of 
Italy, Sloven�a, Serb�a, France, and Poland, the Apt�an-
Alb�an of Japan, the lower Apt�an of Roman�a, the Apt�an of 
Greece, and the Senon�an (reworked) of Yugoslav�a.

Discussion.  The morphology of the spec�es descr�bed above 
�s most s�m�lar to that descr�bed for Eohydnophora picteti, 
therefore the Mex�can mater�al �s referred to that spec�es.  
the intraspecific variability of this species, particularly 
w�th regard to the s�ze and spac�ng of the coll�nes and the 
th�ckness of the septa, has been d�scussed by Masse and 
Morycowa (1994).

Another spec�es of th�s genus also occurs �n Mex�co: 
Eohydnophora ovalis Masse and Morycowa, 1994, from the 
lower Apt�an Cumbur�nd�o Format�on near the v�llage of 
Tur�tz�o, state of M�choacán.  Refer to the d�scuss�on g�ven 
for E. ovalis in the first part of the systematic paleontology 
sect�on for add�t�onal d�scuss�on on the occurrences of the 
members of Eohydnophora.

Fam�ly Placocoen��dae Allo�teau, 1952
Genus Columnocoenia Allo�teau, 1952

Type species.  Columnocoenia lamberti Allo�teau, 1957 (p. 
135-136, figs. 94, 95, pl. 7, fig. 5, pl. 19, fig. 5).

Columnocoenia ksiazkiewiczi Morycowa, 1964
F�gure 37

Columnocoenia ksiazkiewiczi Morycowa, 1964, p. 67-
69, pl. 17, figs. 1-4, pl. 18, fig. 1, text fig. 16; 
Morycowa, 1971, p. 95-96, pl. 24, fig. 1, text fig. 
30A-B; Kuzmicheva, 1980, p. 97-98, pl. 36, fig. 2; 
Kuzmicheva, 1988, p. 162-163, pl. 3, fig. 4; Prinz, 
1991, p. 196, pl. 8, figs. 7-8; Scott and González-
León, 1991, p. 62, fig. 6F; Moussavian, 1992, p. 
122, pl. 23, fig. 1; Baron-Szabo, 1993, p. 158, pl. 
3, figs. 1a-c, text fig. 5; Baron-Szabo, 1994, p. 445; 

Löser, 1994, p. 19-21, pl. 5, figs. 5-6, pl. 10, figs. 
1-3, pl. 12, fig. 3, text figs. 10-11; Morycowa and 
Marcopoulou-D�acanton�, 1994, p. 252-253, 272, 
pl. 4, figs. 5-6; ?Abdel-Gawad and Gameil, 1995, 
p. 15, pl. 12, figs. 11-12; Löser and Raeder, 1995, 
p. 47; Baron-Szabo and Steuber, 1996, p. 12, pl. 4, 
figs. 5-6; Császár and turnšek, 1996, p. 430, 434, 
fig. 7.7; Baron-Szabo, 1997, p. 58, 60, pl. 4, fig. 3; 
Baron-Szabo and Fernández-Mend�ola, 1997, p. 
47, fig. 5C; Löser, 1998, p. 176; Baron-Szabo and 
González-León, 1999, p. 473-475, fig. 3a.

Columastrea striata (Goldfuss, 1829) Löser, 1989, p. 116-
117, pl. 25, fig. 1, text fig. 22. 

Description.  Corallum colon�al, attached, ploco�d, mass�ve, 
hem�spher�cal, and costate.  S�ze of corallum usually small, 
the figured specimens about 55 x 60 mm in width and 50 
mm �n he�ght, but as large as 18 cm �n d�ameter based on 
field observations.  Colony formation by extratentacular 
budd�ng.

Corall�tes generally cyl�ndr�cal, gently tapered 
aborally, loosely packed, unevenly d�str�buted, axes or�ented 
subparallel to each other and pr�mar�ly upward.  Cal�ces well-
del�neated, exclus�vely monocentr�c, and commonly orally 
protuberant about 0.5 mm.  Cal�cular marg�n typ�cally c�rcular 
or subc�rcular �n outl�ne.  CD var�able, most commonly from 
3.0 to 3.5 mm, but as small as 2.0 mm and a few to as large 
as 4.5 mm.  Cal�ces relat�vely deep, about 2.0 mm.  Cal�ces 
rarely �n lateral contact, commonly spaced about 1-5 mm 
apart, or at a d�stance of about 4-8 mm between cal�cular 
centers, the latter d�mens�on typ�cally about 6.5 mm.

Septa well-developed, exsert, lam�nar, pr�mar�ly 
sol�d, and structurally cont�nuous w�th costae.  Septa 
typ�cally 24 �n number �n corall�tes w�th CD of 3 mm or 
larger, and hexamerally arrayed �n three complete cycles.  
S�ze relat�onsh�p among septa: S1>S2>S3.  S1 blade-shaped 
to lam�nar �n cross sect�on, sol�d, usually stra�ght, about 
0.4 mm �n w�dth at junct�on w�th wall and tapered toward 
corall�te ax�s.  Length of S1 about 1.2 mm, or about two-
th�rds d�stance from wall to corall�te ax�s.  S2 s�m�lar to S1 �n 
shape and sl�ghtly narrower.  Length of S2 somet�mes nearly 
equal to length of S1, but more commonly not�ceably shorter 
and equal to about half d�stance from wall to corall�te ax�s.  
S3 typ�cally weakly developed, very th�n, and usually lam�nar 
�n cross sect�on but often w�th structural d�scont�nu�t�es.  
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F�gure 37.  Columnocoenia ksiazkiewiczi Morycowa, 1964, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km 
north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, IGM-7736, deta�l of weathered lateral surface of corallum, scale bar = 1 cm; 2, same 
spec�men, upper surface of corallum, scale bar = 1 cm; 3, IGM-7737, transverse th�n sect�on, recrystall�zed, same scale as F�gure 37.1; 4, same spec�men, 
transverse th�n sect�on, deta�l of septa and costae, scale bar = 1 mm; 5, same spec�men, transverse th�n sect�on, deta�l of septa, same scale as F�gure 37.4.
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Length of S3 about 0.5 mm, or one-fourth d�stance from 
wall to corall�te ax�s.  Interseptal spaces commonly about 
0.5 mm �n w�dth.  Synapt�culae, or probably more prec�sely 
lateral trabecular fus�ons, commonly developed between 
�nner marg�ns of S1, S2 and columella w�th�n a narrow zone 
�mmed�ately per�pheral to ax�al reg�on.  Synapt�culae-l�ke 
lateral trabecular connect�ons rod-shaped, about 0.1-0.2 mm 
�n d�ameter, and vert�cally spaced about 4 per mm.  Lateral 
surfaces of septa uneven, sparsely granulated or car�nate, 
the latter vert�cally spaced at about 4 per mm and poss�bly 
a result of fus�ons of septa and endothecal d�ssep�ments.  
Septal marg�ns poorly preserved orally, uneven, poss�bly 
dentate or beaded.  Inner marg�ns of S1 and often some S2 
th�ckened and �nterm�ttently laterally connected to each other 
and to columella w�th trabecular rods.  Inner marg�ns of S3 
laterally free orally and lacerate or beaded aborally.  Pal�-l�ke 
trabecular rods weakly developed on �nner edges of S1 and S2 
and form a s�ngle crown around ax�al reg�on.

Columella weakly developed, lam�nar, vert�cally 
d�scont�nuous.  W�dth of columella about 1 mm, or nearly 
one-th�rd CD.  Columella �nterm�ttently laterally fused to 
�nner marg�ns of S1 and S2.  Columellar trabeculae rod-shaped 
and about 0.2 mm �n d�ameter.

Wall well-developed, septothecal, sol�d, about 0.2-
0.3 mm �n w�dth.  Endothecal d�ssep�ments tabular, mostly 
laterally cont�nuous, and vert�cally spaced about 0.5-1.0 
mm apart.  Exothecal d�ssep�ments well-developed between 
corall�tes, pr�mar�ly ves�cular �n structure, arched convex 
orally, about 0.5-2.0 mm �n w�dth and vert�cally spaced 0.5-
1.0 mm apart.

Costae structurally cont�nuous w�th septa, robust, 
vertically discontinuous into coenosteum, and subconfluent 
or nonconfluent with those of adjacent corallites.  Costae 
wedge-shaped �n cross sect�on and r�dge-l�ke w�th sharp 
crests.  C1 and C2 subequal, about 0.5 mm �n he�ght, 0.4 mm 
�n w�dth, or typ�cally equal to w�dth of septa at wall, and 
tapered d�stally.  W�dth of C3 usually much w�der than S3 at 
wall, nearly equal to w�dth of C2.  Crests of costae laterally 
spaced 0.5-0.8 mm apart.

Surface of coenosteum typ�cally concave between 
corall�tes and uneven between costae, the latter feature a 
surface express�on of ves�cular exothecal structure.

Material examined.  three specimens: IGM-7736 (figured), 
58 x 62 mm �n w�dth and 55 mm �n he�ght; IGM-7737 

(figured), 55 x 60 mm in width and 50 mm in height, with 
two th�n sect�ons (M-27 and M-28); and IGM-7738, 83 x 100 
mm �n w�dth and 58 mm �n he�ght.  The skeletal mater�al 
�s thoroughly recrystall�zed and most of the structure �s 
completely obl�terated.

Occurrence.  The coral reef hor�zon of the upper member of 
the Mal Paso Format�on, upper Alb�an-lower Cenoman�an.  
The foss�l local�ty �s �n the state of Guerrero, just north of the 
border w�th the adjacent state of M�choacán, about 0.75 km 
north of the rural v�llage of Chumbítaro, M�choacán.  The 
coord�nates of th�s local�ty are: 18° 29.3’ N, 100° 42.5’ W.

Th�s spec�es, and C. ksiazkiewiczi bucoviensis 
Morycowa, 1971, a subspec�es, have been reported from the 
upper Barremian-lower Aptian Cerro de Oro Formation and 
the m�ddle Alb�an Esp�nazo del D�ablo Format�on of the state 
of Sonora, Mex�co (Scott and González-León, 1991, p. 55, 
62, fig. 6F; Baron-Szabo and González-León, 1999).

Columnocoenia ksiazkiewiczi also has been reported 
from the Lower Cretaceous (Hauter�v�an-Barrem�an) at El 
Way, just south of Antofagasta, Ch�le (Pr�nz, 1991, p. 196).

Th�s spec�es was or�g�nally descr�bed from the 
Barrem�an-lower Apt�an Grodz�szcze beds of the Pol�sh 
Carpath�ans at Jastrzeb�a, Trzemesna, and Buków, Poland.  
Other reported occurrences are from: the Valanginian-lower 
Hauter�v�an of Hungary; the Barrem�an-Apt�an of the Sov�et 
Carpath�ans, Turkmen�stan, Azerba�dzhan, and Ukra�ne; the 
lower Apt�an of Germany, Roman�a, and Greece; the up-
per Apt�an and Alb�an of northern Spa�n; the Alb�an and 
Cenoman�an of Greece; and the lower Cenoman�an of 
Germany.

Discussion.  The morpholog�cal character�st�cs of the 
spec�mens from the Mal Paso Format�on are most s�m�lar 
to those typ�cally attr�buted to C. ksiazkiewiczi Morycowa, 
1964, therefore the coralla are referred to that spec�es.  
The only notable d�fference between these spec�mens and 
most of the other coralla referred to C. ksiazkiewiczi �s the 
occas�onally sl�ghtly larger d�stance between cal�ces.

Suborder Meandr��na Allo�teau, 1952
Fam�ly Dendrogyr�dae Allo�teau, 1952

Genus Orbignygyra Allo�teau, 1952

Type species.  Diploria neptuni d’Orbigny, 1850c (p. 208).
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Orbignygyra? incognita new species
F�gure 38

Diagnosis.  Corallum meandro�d and mass�ve.  Ser�es 
relat�vely narrow, about 1-2 mm �n w�dth.  Septa laterally 
spaced 3 per 2 mm along wall of ser�es.  Columella absent.

Description.  Corallum colon�al, attached, meandro�d, 
mass�ve, and noncostate(?).  Colony format�on by 
polystomodaeal �ntratentacular budd�ng.

Ser�es laterally cont�nuous, stra�ght or curved, 
�rregularly spaced, and narrow, about 1-2 mm �n w�dth.  
Intratentacular budd�ng frequent, but �rregularly spaced; 
one to four new ser�es budded s�multaneously from parent 
ser�es.  Coll�nes absent.  Ser�es separated by ambulacrum.  
Ambulacrum typ�cally much w�der than ser�es and from 
2-4 mm �n w�dth.  Structure and surface ornamentat�on of 
ambulacrum unknown.

Cal�ces arranged �n laterally cont�nuous ser�es and 
frequently polycentr�c.  W�dth of ser�es (LCD) about 1-
2 mm, length of ser�es (GCD) ranges from about 4 to 15 
mm.

Septa well-developed, non-exsert(?), lam�nar, sol�d, 
relat�vely few �n number, and usually b�laterally symmetr�cal 
w�th�n ser�es.  Septa mostly subequal �n s�ze, although some 
smaller septa suggest presence of two septal cycles.  Septa 
laterally spaced about 3 per 2 mm along wall of ser�es.  Septa 
blade-shaped or clavate �n transverse cross sect�on, often 
laterally expanded axially, and rounded or flattened at their 
ax�al marg�n.  W�dth of septa h�ghly var�able, from relat�vely 
th�n, about 0.1 mm, to fa�rly th�ck, about 0.25 mm.  Ax�al 
�nner edges of clav�form septa somet�mes th�ckened to 
as much as tw�ce the�r w�dth.  Most larger septa extend to 
per�meter of ax�al reg�on of ser�es.  Lateral surfaces of septa 
appear smooth.  Upper marg�ns of septa not observed; �nner 
axial margins of septa rounded or clavate and flattened.  Pali 
absent.  Columella absent; ax�s of ser�es typ�cally hollow 
orally.

Wall well-developed, parathecal(?).  Endotheca 
poss�bly present.  Coenosteum of ambulacrum sol�d(?) or 
ves�cular(?).

Etymology.  The spec�es name �s der�ved from the Lat�n 
incognitus = unknown or strange, an allus�on to the uncerta�nty 
of some of �ts morpholog�cal character�st�cs.

Type.  Holotype IGM-7739, w�th two th�n sect�ons (M-61 and 
M-62).  The s�ngle spec�men �s about 75 x 90 mm �n w�dth 
and 70 mm �n he�ght.  The corallum �s mostly embedded �n 
wackestone matr�x and thoroughly coarsely recrystall�zed 
to very dark brown calc�te.  Due to the relat�vely poor 
preservat�on caused by the extens�ve recrystall�zat�on, the 
morpholog�cal character�st�cs of the wall and ambulacrum 
are uncerta�n or unknown.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The holotype 
corallum �s from the coral reef hor�zon of the upper member 
of the Mal Paso Format�on.

Discussion.  Th�s spec�es �s tentat�vely ass�gned to 
Orbignygyra because the overall gross morphology of the 
corallum �s most s�m�lar to the descr�bed character�st�cs of 
that genus.  Because some of the morpholog�cal deta�ls of 
the species are not confidently known, and because most, 
�f not all, of the other spec�es of Orbignygyra possess a 
th�n, lam�nar columella, the gener�c determ�nat�on �s also 
quest�onable.  Orbignygyra? incognita n. sp. somewhat 
resembles O. daedalea (Reuss, 1854, p. 94, pl. 14, figs. 3-
4), but the latter spec�es possesses ser�es that are sl�ghtly 
w�der, 2.5 mm, and �t exh�b�ts a very th�n lamellar columella 
(turnšek, 1994, p. 12, pl. 6, figs. 1-3; 1997, p. 143, pl. 143).  
Diploria latisinuata Felix, 1903b (p. 276, pl. 20, fig. 16), 
later referred to Orbignygyra (Re�g, 1989, p. 13), has w�der 
ser�es, more numerous septa (9-10 septa �n 5 mm), and a 
very th�n lamellar columella.  Orbignygyra linarii (Bataller, 
1937), O. campaniensis Re�g, 1989, and O. ilerdensis Re�g, 
1989, have septa that are more numerous and more closely 
spaced than those of O. incognita n. sp. and they also possess 
a th�n, lam�nar columella (Re�g, 1989, p. 12-15).

Suborder Dendrophyll��na Vaughan and Wells, 1943
Fam�ly Dendrophyll��dae Gray, 1847



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr104

F�gure 38.  Orbignygyra? incognita n. sp., holotype IGM-7739, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km 
north of Chumbítaro, Michoacán, in the State of Guerrero, Mexico.  1, Oral view of part of corallum, skeleton weathered and coarsely recrystallized; note 
�ntratentacular budd�ng of ser�es, scale bar = 1 cm; 2, transverse sect�on, pol�shed surface, deta�l of ser�es w�th septa of var�able th�ckness and relat�vely w�de 
adjacent ambulacrum, scale bar = 1 mm; 3, transverse sect�on, pol�shed surface, ser�es w�th �nc�p�ent buds, same scale as F�gure 38.2; 4, transverse sect�on, 
zone of narrow ambulacrum between two adjacent ser�es, same scale as F�gure 38.2; 5, long�tud�nal th�n sect�on, deta�l of parathecal(?) wall structure (on 
left) and sol�d(?) or ves�cular(?) coenosteal structure, same scale as F�gure 38.2; 6, transverse sect�on, deta�l of ser�es w�th some relat�vely th�ck, ax�ally 
flattened or t-shaped septa, same scale as Figure 38.2.
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Discussion.  The fam�ly Dendrophyll��dae has been rev�sed 
recently by Ca�rns (2001).

Genus Blastozopsammia F�lkorn and Pantoja-Alor, 2004

Type species.  Blastozopsammia guerreroterion F�lkorn and 
Pantoja-Alor, 2004 (p. 506, figs. 3-4).

Blastozopsammia guerreroterion Filkorn and Pantoja-
Alor, 2004

F�gures 39, 40

Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 
2004, p. 506, figs. 3-4.

Description (summar�zed from the or�g�nal descr�pt�on �n 
F�lkorn and Pantoja-Alor, 2004).  Corallum colon�al, ramose.  
Branches cyl�ndr�cal, 3-6 mm �n d�ameter, and gently tapered 
toward d�stal end.  Branch b�furcat�ons nearly d�chotomous; 
angle of d�vergence 30-60 degrees.  Branches composed of 
an ax�al corall�te surrounded by a sheath of rad�al corall�tes 
and coenosteum.  Colony format�on by extratentacular 
budd�ng.  Rad�al corall�tes typ�cally al�gned w�th S1 of ax�al 
corall�te.

Corall�tes cyl�ndr�cal and d�morph�c: ax�al corall�tes 
and rad�al corall�tes.  Ax�al corall�tes cont�nuous, some at 
least 30 mm �n length, and 1.5-2.5 mm �n d�ameter.  Rad�al 
corall�tes developed from s�des of ax�al corall�tes, 1.0-2.5 mm 
�n length and 1.0-1.5 mm �n d�ameter.  Axes of rad�al corall�tes 
or�ented at h�gh angle to ax�al corall�te, approx�mately 70-85 
degrees.  Oral margins of radial corallites slightly protuberant 
or level w�th coenosteal surface.

Cal�ces monocentr�c.  Cal�cular marg�ns c�rcular.  
Ax�al corall�te CD 1.25-2.0 mm and rad�al corall�te CD 0.8-
1.25 mm.  Cal�ces of rad�al corall�tes separated by coenosteal 
reg�ons, evenly d�str�buted, and regularly spaced 0.8-1.3 mm 
apart.

Septa well-developed, lam�nar, sol�d, and about 0.1 
mm �n w�dth.  Septa 24-36 �n number, hexamerally arrayed, 
�n three complete cycles and part of fourth cycle.  Inc�p�ent 
Pourtalès plan somet�mes present �n ax�al corall�tes at 
�nsert�on of S4.  S�ze relat�onsh�p among septa: S1-2>S4≥S3.  
Septa stra�ght, lam�nar.  S1 and S2 extended to per�meter of 
corall�te ax�s, about 0.8 mm �n length, or 80 percent rad�us of 
cal�ce.  Length of S3 about half that of S2.  Rad�al corall�tes 

also exh�b�t three cycles of septa, except S3 of rad�al corall�tes 
weakly developed and typ�cally present only near wall.  Pa�rs 
of S4 somet�mes present and arranged �n Pourtalès plan.  
Length of S4 greater than or equal to that of S3, but less than 
S2.  D�stal edges of septa th�ckened at junct�on w�th wall.  
Interseptal synapt�culae absent.  Lateral surfaces of septa 
smooth.  Ax�al septal marg�ns of S1 and S2 th�ckened aborally 
and �nterm�ttently fused to columella and to each other w�th 
trabecular connect�ons.  In transverse cross sect�on, these 
�nterseptal trabeculae appear as a d�scont�nuous r�ng around 
ax�al reg�on.  Ax�al septal marg�ns of S3 aborally fused to 
adjacent parental S2.

Pal� or pal�-l�ke structures appear to occur on S2 of 
rad�al corall�tes, based on observat�ons of cross sect�ons.  
However, these structures also may be due to th�ckened 
S2 at �nsert�on of S3.  Columella of ax�al corall�te weakly 
developed, trabecular, vert�cally cont�nuous, and merged 
w�th trabecular extens�ons from ax�al marg�ns of S1-2.  Ax�al 
reg�on of corall�tes 0.3-0.5 mm �n d�ameter.  Columella also 
developed �n rad�al corall�tes, only structurally less porous 
and somewhat more styl�form �n appearance.

Wall well-developed, synapt�culothecate.  Wall of ax�al 
corall�te composed of two concentr�c synapt�cular r�ngs, 
about 0.3 mm �n w�dth, and der�ved from th�ckened d�stal 
edges of septa.  Wall of rad�al corall�tes composed of s�ngle 
layer of synapt�culae, 0.2-0.3 mm �n w�dth, and poss�bly 
partly formed from coenosteal trabeculae.  Synapt�culae 
w�th�n wall of rad�al corall�tes �ncl�ned toward corall�te ax�s 
and sl�ghtly more closely spaced vert�cally than those w�th�n 
wall of ax�al corall�tes, about 5 per mm versus 3-4 per mm, 
respect�vely.  Endo- and exothecal d�ssep�ments absent.

Coenosteum well-developed, ret�culate, and h�ghly 
porous.  Coenosteum layer typ�cally 1-2 mm �n th�ckness 
around ax�al corall�te.  Coenosteal surface fa�ntly costate 
to str�ate, porous, and sp�nose.  Cal�cular marg�n of rad�al 
corall�tes often costate along upper oral edge of corall�te 
wall.

Material examined.  Holotype IGM-6967, from a block 
of coral packstone about 95 x 110 x 50 mm, w�th two 
petrograph�c th�n sect�ons; paratypes IGM-6968 and IGM-
6969, two blocks of coral packstone about 60 x 90 x 55 mm 
and 90 x 140 x 70 mm, respect�vely, and numerous other 
coral fragments (unnumbered paratypes) w�th�n the same 
rock samples.
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Occurrence.  Known only from the type local�ty �n the upper 
part of the upper member of the Mal Paso Format�on, upper 
Alb�an-lower Cenoman�an.  The foss�l local�ty �s �n the state 
of Guerrero, just north of the border w�th the adjacent state 
of M�choacán, about 0.75 km north of the rural v�llage of 
Chumbítaro, M�choacán.  The coord�nates of th�s local�ty 
are: 18° 29.3’ N, 100° 42.5’ W.

Discussion.  the evolutionary significance of Blastozopsammia 
guerreroterion has been d�scussed �n an earl�er publ�cat�on 
(see F�lkorn and Pantoja-Alor, 2004).  Thus, the taxonom�c 
d�str�but�on of the cont�nuous ax�al corall�te, one of the most 
d�st�ngu�sh�ng character�st�cs of Blastozopsammia, �s only 
briefly reviewed below.  In addition, the temporal and spatial 
d�str�but�ons of the spec�es of Petrophyllia Conrad, 1855 (p. 
266) (= Archohelia Vaughan, 1919; see Ca�rns, 2001, p. 39-
40) are exam�ned �n more deta�l because they compose the 
record of the only other scleract�n�an genus that �s also both 
character�zed by a cont�nuous ax�al corall�te and reported 
from Cretaceous rocks.

A cont�nuous ax�al corall�te w�th rad�ally budded 
secondary or daughter corall�tes �s a remarkably rare feature 
among the many descr�bed scleract�n�an genera and spec�es.  
The only other scleract�n�an genera that are partly d�agnosed 
by the possess�on of th�s morpholog�cal character�st�c are 
the zooxanthellate acropor�d Acropora Oken, 1815, and 
the azooxanthellate ocul�n�d Petrophyllia Conrad, 1855 (= 
Archohelia Vaughan, 1919).  Although some spec�es of the 
fav��d Cladocora Ehrenberg, 1834, the fav��d Cyphastrea 
M�lne Edwards and Ha�me, 1848a (p. 494), and the 
dendrophyll��d Dendrophyllia Bla�nv�lle, 1830, possess a 
cont�nuous ax�al corall�te, the major�ty of the other members 
of these three genera lack th�s feature.

Petrophyllia (= Archohelia) �s composed of spec�es 
that presumably were azooxanthellate, nonreef-bu�ld�ng taxa.  
Th�s presumpt�on �s based on the sole known extant spec�es 
of th�s genus, the azooxanthellate Petrophyllia rediviva 
(Wells and Alderslade, 1979), from the coast of Queensland, 
Austral�a.  Therefore, the d�str�but�on of Petrophyllia also 
is especially significant with regard to Blastozopsammia 

because Petrophyllia �s the only other azooxanthellate colon�al 
scleractinian known to have formed monospecific coral build-
ups �n non-reef mar�ne env�ronments dur�ng Cretaceous 
t�me.  Interest�ngly, the spec�mens of Blastozopsammia from 
the Cretaceous type locality also are from a monospecific 
coral depos�t.  Therefore, because of the s�m�lar�t�es �n mode 
of occurrence and paleoecology of Blastozopsammia and 
Petrophyllia, �n add�t�on to the morpholog�cal s�m�lar�ty of 
the�r coralla, the d�str�but�on of Petrophyllia �s here exam�ned 
�n greater deta�l.

The foss�l record of Petrophyllia �s fa�rly extens�ve, 
but because the reported occurrences are frequently obscure, 
scattered throughout the l�terature, and both strat�graph�cally 
and geograph�cally w�dely separated, the overall temporal 
and spat�al d�str�but�ons of th�s genus are poorly known.  
Petrophyllia has recently been �nvest�gated and some of 
the newly comp�led occurrence data are rev�ewed here.  
The observed geolog�c range of Petrophyllia �s Early(?) 
Cretaceous to Recent and the genus encompasses 18 descr�bed 
species, 17 of which are nominal taxa.  Of these 18 species, 
one �s extant (P. rediviva, as noted above) and the other 17 are 
known exclusively from fossils.  Of these 17 fossil species, 
15 are from the Tert�ary and two are from the Cretaceous.  
The strat�graph�c and geograph�c d�str�but�ons of the 15 
tertiary species are as follows.  One species, P. limonensis 
(Vaughan, 1919, p. 353-354, pl. 80, figs. 1-3; the type species 
of Archohelia), �s known from the Pl�ocene to (?)Ple�stocene 
of Costa R�ca and Flor�da (Fel�x, 1929, p. 601; Schuchert, 
1935, p. 601; We�sbord, 1974, p. 414; Ca�rns, 1999, p. 110).  
Six of the tertiary species are Oligocene in age, five of which 
have been reported from M�ss�ss�pp� (Vaughan, 1900, p. 114, 
116, 118, 122, 123, 1919, p. 353; Grabau and Sh�mer, 1909, 
p. 103; Cooke, 1922, p. 81, 83; Sh�mer and Shrock, 1944, p. 
121), and the s�xth from the state of Wash�ngton (Durham, 
1942, p. 93-94).  Only one of the species known from the 
Oligocene of Mississippi also has an eocene occurrence 
(Patagon�a; Fel�x, 1925, p. 228).  In add�t�on to these spec�es, 
the Eocene occurrences of Petrophyllia cons�st of e�ght other 
spec�es: one from Cal�forn�a (Vaughan, 1927; Squ�res, 1999, 
2001) and Wash�ngton (Durham, 1942, p. 94); three from 

F�gure 39.  Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 2004, from holotype sample IGM-6967, upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an, about 0.75 km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Pol�shed surface, long�tud�nal cross 
sect�on of branch w�th a vert�cally cont�nuous ax�al corall�te, the holotype spec�men IGM-6967, scale bar = 1 cm; 2, th�n sect�on, branch at center �n obl�que 
sect�on, same scale as F�gure 39.1; 3, th�n sect�on, both transverse and obl�que sect�ons of branches, same scale as F�gure 39.1; 4, th�n sect�on, mostly trans-
verse sect�ons of branches, same scale as F�gure 39.1.
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Alabama (Vaughan, 1900, p. 121, 123, 1919, p. 353, 1941, 
p. 281-282), and one spec�es each from Texas (Vaughan, 
1900, p. 120, 1919, p. 353; Sh�mer and Shrock, 1944, p. 
121), Lou�s�ana (Vaughan, 1941, p. 282-284), M�ss�ss�pp� 
(Vaughan, 1900, p. 115, 1919, p. 353), and Barbados (Wells, 
1945, p. 9-10).

Only two of the 17 species of Petrophyllia known from 
the foss�l record have been reported from Cretaceous strata.  
The oldest known occurrence of Petrophyllia �s Petrophyllia 
sp. (reported as Archohelia sp.) from the m�ddle Alb�an 
Edwards L�mestone �n Kerr County, Texas (Wells, 1933, 
p. 162-163, pl. 21, figs. 1-2), but the generic assignment is 
quest�onable.  The only other known Cretaceous spec�es 
of Petrophyllia �s P. dartoni (Wells, 1933, p. 223-224, 
pl. 25, figs. 11-12, pl. 27, figs. 31-35).  the latter species 
was or�g�nally descr�bed from �ts occurrence �n the Carl�le 
zone (Turon�an) of the Mancos Shale near Lamy, New 
Mexico, where it formed a monospecific coral deposit that 
has been considered to be the first and, for some time, the 
only cold- or deep-water azooxanthellate coral bu�ld-up 
known from the Cretaceous (Coates and Kauffman, 1973).  
The depos�t of P. dartoni at Lamy, New Mex�co, typ�cally 
has been the only Cretaceous occurrence of Petrophyllia 
noted �n subsequent l�terature (c�ted as Archohelia: see 
Perk�ns, 1951, p. 16; Kelley and Northrop, 1975, p. 61, 
63; Ca�rns and Stanley, 1982, p. 615; Fagerstrom, 1987, p. 
434-435; Stanley and Ca�rns, 1988, p. 237; F�lkorn, 1993).  
However, several add�t�onal occurrences of P. dartoni �n 
the Cretaceous Western Inter�or of North Amer�ca are now 
known, some from anecdotal not�ces �n publ�shed art�cles on 
other geolog�cal �nvest�gat�ons �n that reg�on and some from 
cataloged museum specimens and recent field studies.  these 
add�t�onal occurrences of Petrophyllia dartoni have extended 
�ts geolog�c range from the Turon�an �nto the Cenoman�an and 
broadened �ts geograph�c d�str�but�on southward �nto other 
areas of New Mex�co, westward �nto Ar�zona, and northward 
�nto Wyom�ng.  The other occurrences �n New Mex�co are �n 

the upper Cenoman�an of the Colorado Format�on �n the B�g 
Burro Mounta�ns, southwestern New Mex�co (Cobban et al., 
1989, p. 15-16); �n the lower Turon�an Br�dge Creek L�mestone 
Member of the Mancos Shale near Truth or Consequences, 
southern New Mex�co (Hook and Cobban, 1981, p. 13-14; 
Cobban, personal commun�cat�on, 1995; spec�mens D11019 
and D11564 at the USGS �n Denver); �n the Mancos Shale 
of the Twenty-two Spr�ng quadrangle, Valenc�a County 
(Cobban, personal commun�cat�on, 1995; USGS D10534); 
and �n the V�rden sect�on of the Canador Peak quadrangle, 
H�dalgo County (Cobban, personal commun�cat�on, 1995; 
USGS D11554).  Reported occurrences of A. dartoni �n 
Ar�zona are �n the Cenoman�an beds of the Mancos Shale at 
Blue Po�nt, Black Mesa, northeastern Ar�zona (Elder, 1987, 
p. 28; Kirkland, 1991, microfiche p. 17; elder, 1991, p. 123); 
�n the Cenoman�an strata at Blue Po�nt (not the same Blue 
Po�nt as c�ted above), Black Mesa (Repenn�ng and Page, 
1956, p. 267, “an abundant coral”; USNM 085602, four 
branch fragments collected by O’Sullivan 17 July 1954, may 
be from th�s local�ty, as well as Museum of Northern Ar�zona 
(MNA) spec�mens P2.7701 and P2.7703); and from a local�ty 
10 m�les north of Lupton (MNA P2.1120).  Petrophyllia �s 
known from only one local�ty �n Wyom�ng.  The occurrence 
�s based on a spec�men �n the Sm�thson�an Inst�tut�on labeled 
USNM 123439, collected by Cobban, Rees�de, etc., 1951, 
lot 5119, Cody Shale, m�ddle N�obrara equ�valent, Turon�an.  
Th�s spec�men �s from northeast of Shotgun Butte, along the 
East Fork of Sheep Creek, �n Fremont County, Wyom�ng.  
The Wyom�ng Petrophyllia locality is significant because 
�t represents the northernmost recogn�zed occurrence of the 
genus �n the Cretaceous Western Inter�or Seaway dur�ng the 
Late Cretaceous.

Petrophyllia reportedly also occurs �n the Late 
Cretaceous and tertiary of the eastern Pacific (Durham, 
1966; Heck and McCoy, 1978), but ne�ther descr�pt�ons nor 
figures of these specimens have been published (Durham and 
All�son, 1960, p. 71; Hertle�n and Grant, 1960, p. 78).

F�gure 40.  Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 2004, from holotype sample IGM-6967, upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an, about 0.75 km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Transverse th�n sect�on of several 
branches w�th ax�al corall�tes and relat�vely th�ck layer of coenosteum, center branch �n process of branch�ng, scale bar = 1 cm; 2, transverse th�n sect�on of 
both larger and smaller d�ameter branches, same scale as F�gure 40.1; 3, transverse th�n sect�on, sl�ghtly obl�que, deta�l of ax�al corall�te and coenosteum, 
scale bar = 1 mm; 4, long�tud�nal (tangent�al) th�n sect�on of branch, deta�l of rad�al corall�tes and coenosteum, same scale as F�gure 40.3; 5, transverse th�n 
section of smaller diameter branch, axial corallite and five radially arrayed secondary buds that are aligned with the primary septa of the parent corallite, 
same scale as F�gure 40.3; 6, transverse th�n sect�on, deta�l of ax�al corall�te w�th rad�al buds that have or�g�nated from the synapt�culothecal wall zone of 
the parent corall�te, same scale as F�gure 40.3.
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Suborder Fung��na Verr�ll, 1865
Fam�ly Dermosm�l��dae Koby, 1889 (p. 570)

Genus Epistreptophyllum M�laschew�tsch, 1876

Epistreptophyllum M�laschew�tsch, 1876, p. 210-212, pl. 50, 
figs. 2-4a.

Phegmatoseris M�laschew�tsch, 1876, p. 212-213, pl. 50, 
figs. 5, 5a.

Phragmatoseris M�laschew�tsch.  Duncan, 1884, p. 148.
Lithoseris Koby, 1886, p. 338-340, pl. 93, figs. 32-33a.
Protethmos Gregory, 1900, p. 162-165, pl. 18, figs. 7a-7c, 

10a-13b.
Metethmos Gregory, 1900, p. 165-167, pl. 2A, fig. 5, pl. 18, 

figs. 4a-6b, 8a-9b, 11a-11c.
Frechia Gregory, 1900, p. 167-168, pl. 21, figs. 1a-3b.
Calamosmilia Koby, 1905, p. 81-82, pl. 26, figs. 6-10a, 12-

13a.

Type species.  Epistreptophyllum commune M�laschew�tsch, 
1876 (p. 210-211, pl. 50, figs. 2, 2a), by subsequent 
des�gnat�on (Wells, 1936, p. 111).

Epistreptophyllum sp.
F�gure 41

Description.  Corallum sol�tary, attached(?), trocho�d, stra�ght 
or cornute, and finely costate.  Base of corallum truncated by 
transverse fracture, an �nd�cat�on of poss�ble former presence of 
ped�cle or basal attachment.  Basal angle above truncat�on ap-
prox�mately 35 degrees.  Corallum small �n s�ze.  Measurements 
of two spec�mens exam�ned: he�ght 22 mm, CD 17 mm; and 
he�ght 23 mm, CD 19 mm.  Both spec�mens about 7 mm �n 
d�ameter at basal truncat�on.  Cal�cular marg�n c�rcular or sub-
c�rcular �n outl�ne.  Depth of cal�ce about 2 mm as preserved.

Septa well-developed, lam�nar, fenestrate ax�ally, and 
cont�nuous w�th costae.  Trabecular m�crostructure not pre-
served.  Septa of earl�er cycles usually appear sol�d, those 
of later cycles typ�cally more fenestrate than those of earl�er 
cycles.  Septal trabeculae spaced 4 per mm along transverse 
sect�on of septum.  Septa numerous and hexamerally arrayed 
in five complete cycles with a portion of the sixth cycle pres-
ent also.  S�ze relat�onsh�p among septa: S1≥S2≥S3>S4>S5>S6.  
Septa typ�cally blade-shaped �n cross sect�on, tapered ax�ally, 
stra�ght, and very th�n, those of earl�er cycles up to about 
0.2 mm �n w�dth at junct�on w�th wall, those of later cycles 

sl�ghtly th�nner.  S1, S2, and most of S3 extend to columella 
at ax�s of corallum.  Length of S4 nearly equal to that of S3.  
Septa of subsequent cycles proport�onately shorter than those 
of prev�ous cycle.  Interseptal spaces about tw�ce w�dth of 
adjacent septa.  Synapt�culae absent.  Lateral surfaces of sep-
ta uneven, undulate or car�nate, due to trabecular structure 
of septa.  Septal marg�ns not preserved �n cal�cular reg�on.  
Pal�-l�ke septal trabeculae arrayed around, and laterally �n-
termeshed w�th, columella.

Columella developed, trabecular, cyl�ndr�cal, vert�-
cally cont�nuous, spong�ose, orally pap�llose, about 2 mm �n 
d�ameter, and laterally �nterm�ttently fused to ax�al edges of 
adjacent septa.

Wall weakly developed, pr�mar�ly parathecal, poss�-
bly secondar�ly synapt�culothecal, and weakly d�fferent�ated 
from endothecal d�ssep�ments.  Parathecal d�ssep�ments ve-
s�cular.  Endothecal d�ssep�ments tabular.  Ep�theca absent.

Costae well-developed, structurally cont�nuous w�th 
septa but usually sl�ghtly w�der, subequal, low �n he�ght, and 
laterally spaced 2 per mm.  D�stal marg�ns of costae beaded; 
beads spaced about 5 per mm.  Intercostal furrows about 
tw�ce w�dth of costae.

Material examined.  two specimens: IGM-7740 (figured); 
and IGM-7741 (figured), with two thin sections (M-53 and 
M-54).  The cal�cular marg�ns of the spec�mens are not pre-
served and the �nternal skeletal structures have been mostly 
obl�terated by recrystall�zat�on.

Occurrence.  The upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an.  The foss�l local�ty �s �n the 
state of Guerrero, just north of the border w�th the adjacent 
state of M�choacán, about 0.75 km north of the rural v�llage 
of Chumbítaro, M�choacán.  The coord�nates of th�s local�ty 
are: 18° 29.3’ N, 100° 42.5’ W.

Discussion.  The spec�es descr�bed above possesses 
the essent�al morpholog�cal character�st�cs of the genus 
Epistreptophyllum, therefore �t �s ass�gned to that genus.  
However, the taxon �s not ass�gned to any part�cular nom�nal 
spec�es for two ma�n reasons: 1), some stud�es have noted a 
very broad range of intraspecific morphological variability in 
some spec�es of Epistreptophyllum (for examples, see G�ll, 
1982; Pandey and Lathu�l�ere, 1997); and 2), only two spec�-
mens have been exam�ned �n th�s study.
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Members of Epistreptophyllum have been reported 
prev�ously from the Cretaceous of Mex�co.  Fr�es (1960, 
p. 49, 55, 198) reported the occurrence of corals �n the 
lower Cenoman�an strata of the Morelos Format�on, state 
of Guerrero, and listed a species that was identified by J. 
W. Wells, Epistreptophyllum sp. cf. E. budaensis Wells.  
However, a descr�pt�on of the latter spec�es could not be 
found �n the l�terature and therefore �t seems l�kely that �t 
was never descr�bed.  Two small, cyl�ndr�cal spec�mens 
of ?Epistreptophyllum sp. from the Cárdenas Format�on 
in the state of San Luis Potosí, Mexico, have been briefly 
described and figured by Myers (1968, p. 80, pl. 16, figs. 

1-2).  In northwestern Mex�co, a spec�es referred to as 
Epistreptophyllum sp. has been reported from the Lower 
Cretaceous rocks of the Lampazos area, state of Sonora 
(González-León and Bu�trón-Sánchez, 1984; González-
León, 1988), but the spec�es was ne�ther descr�bed nor 
figured.

Fam�ly Thamnaster��dae Vaughan and Wells, 1943
Genus Thalamocaeniopsis Allo�teau, 1953

Type species.  Thalamocaeniopsis ouenzensis Allo�teau, 
1953 (p. 880-882, pl. 28, figs. 3, 6, pl. 29, fig. 5).

F�gure 41.  Epistreptophyllum sp., upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chumbítaro, M�cho-
acán, �n the State of Guerrero, Mex�co.  1, IGM-7740, lateral v�ew of corallum, scale bar = 1 cm; 2, same spec�men, oral v�ew of corallum, same scale as 
F�gure 41.1; 3, IGM-7741, long�tud�nal th�n sect�on, outer edge of wall and ves�cular d�ssep�ments of paratheca on left, ax�s of corallum toward r�ght, but 
mostly recrystall�zed, scale bar = 1 mm; 4, same spec�men, transverse th�n sect�on, deta�l of septa and costae, part�ally coarsely recrystall�zed, same scale 
as F�gure 41.3.
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Discussion.  The genus Thalamocaeniopsis Allo�teau, 1953, 
has been quest�onably cons�dered to be a jun�or synonym of 
Anomastraea Marenzeller, 1901 (p. 124-126, pl. 1, figs. 3, 
3a) (Wells, 1956, p. F385).  However, Thalamocaeniopsis �s 
known only from the Early Cretaceous, whereas Anomastraea 
�s known only from Recent occurrences.  Further stud�es 
of the types of these two genera are needed to clar�fy the�r 
taxonom�c relat�onsh�p.

Thalamocaeniopsis mexicanensis new species
F�gure 42

Diagnosis.  Corallum relat�vely large for genus and mass�ve 
to ramose.  CD ranges from 2.5 mm to 8 mm, commonly 5 
mm.  Cal�cular centers typ�cally spaced 4-6 mm apart.

Description.  Corallum colon�al, attached, cer�o�d, costate, 
and mass�ve and hem�spher�cal or ramose w�th th�ck 
branches.  Mass�ve coralla range �n s�ze from 80 x 60 mm 
�n w�dth and 40 mm �n he�ght up to at least 95 mm �n w�dth 
and 95 mm �n he�ght; ramose coralla typ�cally larger (based 
on field observations).  Colony formation by intratentacular 
budd�ng.

Corallites prismatic, separated by well-defined, shared 
wall structure, and arranged w�th corall�te axes or�ented 
subparallel to each other and perpend�cular to surface of 
corallum.  Cal�ces d�st�nct, typ�cally monocentr�c, but 
poss�bly d�centr�c �f �n process of budd�ng.  Cal�cular marg�n 
polygonal to rounded subpolygonal �n outl�ne, usually w�th 
5 or 6 subequal s�des.  CD var�able from about 2.5 mm to 6 
mm, commonly 5 mm, but occas�onally laterally elongate to 
8 mm �f �n process of budd�ng.  Cal�ce sl�ghtly concave and 
shallow, usually less than 1 mm �n depth at center.  Cal�cular 
centers typ�cally spaced 4-6 mm apart.

Septa well-developed, non-exsert, fenestrate, and 
cont�nuous as costae.  Each septum composed of a s�ngle 
fan system of trabeculae.  Trabecular m�crostructure not 
preserved.  Septal trabeculae about 0.1 mm �n d�ameter 
and spaced 3-4 per mm along transverse cross sect�on.  

D�ameter of septal fenestrae usually equal to or greater 
than that of septal trabeculae.  Number of septa var�able 
and d�rectly related to CD; for examples: CD 3.0 mm, 30 
septa; CD 4.0 x 5.5 mm, 44 septa; CD 5.0 x 5.5 mm, 46 
septa; CD 6 mm, 48 septa.  Septa weakly hexamerally 
arranged �n from three to four cycles, the latter cycle 
commonly �ncomplete.  S�ze relat�onsh�p among septa: 
S1=S2≥S3>S4.  Septa stra�ght or gently curved and subequal 
�n w�dth, typ�cally about 0.1 mm.  S1, S2, and some S3 
(about 18 septa total) extend from wall to columella.  
Length of S4 var�able, usually less than half that of S3.  
Interseptal spaces about 0.3 mm, or three t�mes w�dth of 
adjacent septa.  Synapt�culae generally developed near 
columella and near wall.  Lateral surfaces of septa uneven, 
undulate, or car�nate due to fenestrate trabecular structure 
of septa.  Septal marg�ns beaded orally; beads formed 
by term�nat�ons of septal trabeculae spaced 3-4 per mm 
along upper marg�n of septa.  Ax�al edges of longer septa 
�nterm�ttently fused to columella and laterally to each other 
w�th synapt�cular rods, those of shorter septa typ�cally 
fused to respect�ve parent septa.  Pal�-l�ke trabeculae 
on ax�al edges of longer septa commonly structurally 
�ntegrated w�th columella.

Columella well-developed, trabecular, vert�cally 
cont�nuous, orally pap�llose, cyl�ndr�cal, and about 0.8-1.0 
mm �n d�ameter.  Columella per�pherally �ntermeshed w�th 
ax�al edges of S1, S2, and some S3.

Wall usually developed, pr�mar�ly synapt�culothecal, 
perforate, about 0.5 mm �n w�dth, and poss�bly secondar�ly 
parathecal aborally.  Walls of laterally adjacent corall�tes 
typ�cally comb�ned �nto a s�ngle, shared mural structure.  
Endothecal d�ssep�ments abundant aborally, generally 
sub-tabular, th�n, laterally cont�nuous, closely spaced, 
and inflected convex orally across diameter of corallite.  
Coenosteum absent.

Upper edge of wall costate.  Costae structurally s�m�lar 
to septa, subequal, low, cont�nuous w�th respect�ve septa but 
generally about tw�ce as w�de, and spaced about 3 per mm 
along upper edge of wall.

F�gure 42.  Thalamocaeniopsis mexicanensis n. sp., holotype IGM-7742, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 
0.75 km north of Chumbítaro, Michoacán, in the State of Guerrero, Mexico.  1, Oral view of a portion of the weathered upper surface of the corallum; note 
�nc�p�ent �ntratentacular budd�ng of some of the cal�ces, scale bar = 1 cm; 2, obl�que transverse th�n sect�on, same scale as F�gure 42.1; 3, long�tud�nal th�n 
sect�on, same scale as F�gure 42.1; 4, transverse th�n sect�on of several corall�tes, same scale as F�gure 42.1; 5, long�tud�nal th�n sect�on, deta�l of fenestrate 
skeletal arch�tecture, scale bar = 1 mm; 6, transverse th�n sect�on, deta�l of fenestrate septa, �ntracal�cular synapt�culae, columella, and synapt�culothecate 
wall, same scale as F�gure 42.5.
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Etymology.  The spec�es �s named for the country of or�g�n, 
Mexico, by adding the Latin suffix -ensis = place to the 
adject�ve of Mex�co, Mex�can.

Types.  Holotype IGM-7742, w�th two th�n sect�ons (M-20 
and M-21); and paratypes IGM-7743, IGM-7744, IGM-
7745, IGM-7746, and IGM-7747.  All of the spec�mens are 
from the coral reef hor�zon (un�t MP13) except the latter 
corallum wh�ch �s from un�t MP17.  The skeletal arch�tecture 
descr�bed above �s ma�nly based on the holotype, a relat�vely 
well-preserved corallum.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Occurrence.  Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  Th�s spec�es 
�s common �n the coral reef hor�zon (un�t MP13) of the 
upper member of the Mal Paso Format�on; spec�mens also 
occur strat�graph�cally above the coral reef hor�zon �n un�t 
MP17.

The type spec�es, Thalamocaeniopsis ouenzensis 
Allo�teau, 1953, �s from the Early Cretaceous (Apt�an) of 
Alger�a, North Afr�ca.

Discussion. The morphology of Thalamocaeniopsis 
mexicanensis n. sp. pr�mar�ly d�ffers from that descr�bed 
for the type spec�es by the larger s�ze of the corallum, the 
mass�ve to ramose growth form of the corallum, the relat�vely 
larger d�ameter of the cal�ces, and the w�der spac�ng between 
cal�cular centers.

Genus Thamnasteria Lesauvage, 1823

Type species.  Astrea dendro�dea Lamouroux, 1821 (p. 85, 
pl. 78, fig. 6) (= thamnasteria lamourouxii 

Lesauvage, 1823, p. 243-244, pl. 14, figs. 1-2).

Thamnasteria tonantzinae new species
F�gure 43

Diagnosis.  Corallum mass�ve to ramose.  Cal�ces small, 
CD 1.6-2.4 mm.  Cal�cular centers closely spaced, from 1.6 
to 3 mm apart.  Septa var�able �n number: 8-10 ax�ally, but 
as many as about 30 per�pherally.  Synapt�culothecal wall 
somet�mes weakly developed aborally

Description.  Corallum colon�al, attached, thamnastero�d, 
massive to ramose, and finely septocostate.  Size of corallum 
at least 30 cm �n w�dth and he�ght.  Branches var�able �n s�ze 
and shape, commonly 10-20 mm �n d�ameter, but observed 
range from about 5 to at least 60 mm �n d�ameter, generally 
�rregularly cyl�ndr�cal or lath-shaped, often broadly uneven, 
w�th nodular or bulbous project�ons (�nc�p�ent branches?), 
elongate, and often gradually tapered along branch length.  
Branches of corallum typ�cally or�ented subparallel to each 
other and commonly b�furcated at �rregular �ntervals w�th an 
angle of d�vergence less than 30 degrees.  Colony format�on 
by �ntratentacular budd�ng w�th lamellar l�nkages.

Corall�tes weakly d�fferent�ated from each other, 
laterally confluent orally due to lack of wall, boundaries only 
vaguely del�neated orally by convergence of septocostae, 
and sometimes weakly defined suborally by fenestrate 
synapt�culothecal wall.  Corall�te axes or�ented approx�mately 
perpend�cular to surface of corallum.

Calices somewhat superficial, typically monocentric, 
and weakly del�neated orally by sl�ght, broadly convex 
protuberance of marg�nal reg�on.  CD about 1.6-2.4 mm.  

F�gure 43.  Thamnasteria tonantzinae n. sp., holotype corallum IGM-7748, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, 
about 0.75 km north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Port�on of weathered surface of a larger fragment of the corallum, 
scale bar = 1 cm; 2, another weathered surface area of the same fragment, same scale as F�gure 43.1; 3, tangent�al th�n sect�on of a smaller branch fragment, 
corall�tes �n transverse sect�on, skeletal mater�al part�ally coarsely recrystall�zed, same scale as F�gure 43.1; 4, long�tud�nal th�n sect�on of a smaller branch 
fragment, skeleton mostly coarsely recrystall�zed, same scale as F�gure 43.1; 5, transverse th�n sect�on, deta�l of septa, pal�-l�ke structures, and columella of 
several adjacent corall�tes, scale bar = 1 mm; 6, long�tud�nal th�n sect�on near outer surface of branch fragment, deta�l of septa and synapt�culae, skeleton 
mostly coarsely recrystall�zed, same scale as F�gure 43.5; 7, transverse th�n sect�on, deta�l of features of corall�tes deeper w�th�n branch, skeleton part�ally 
coarsely recrystall�zed, same scale as F�gure 43.5; 8, long�tud�nal th�n sect�on near outer surface of branch fragment, deta�l of septa and synapt�culae, skel-
eton mostly coarsely recrystall�zed, same scale as F�gure 43.5.
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Calicular centers well-defined, slightly concave, very 
shallow, and spaced 1.6-3 mm apart.

Septa well-developed, weakly exsert, lam�nar, and �r-
regularly fenestrate.  Each septum composed of a s�ngle fan 
system of trabeculae.  Trabecular m�crostructure not pre-
served.  Septa var�able �n number: usually 8-10 pr�mary septa 
extend nearly to columella, some of them b�furcated d�stally, 
and as many as about 30 present per�pherally.  Septa rad�ally 
arrayed; septal symmetry and number of septal cycles obscure.  
Septa lam�nar to blade-shaped �n cross sect�on and about 0.1-
0.2 mm �n w�dth.  Interseptal spaces about equal to w�dth of 
septa.  Synapt�culae present between �nner marg�ns of pr�mary 
septa, developed concentr�cally around columella �n a cyl�nder 
about 0.7 mm �n �ns�de d�ameter, or at a d�stance of 0.1-0.2 
mm abax�ally from columella, and vert�cally spaced about 4 
per mm.  Trabecular fus�ons frequently occur between �nner 
marg�ns of septa and columella.  Synapt�culae also somet�mes 
present between septocostae w�th�n the �ntercorall�te reg�on. 
Lateral surfaces of septa somet�mes appear coarsely granu-
lated or car�nate �n cross sect�on, part�cularly ax�ally, poss�bly 
due to fus�on of fenestrate trabecular structure of septa and 
synapt�culae.  Septal and septocostal marg�ns coarsely beaded 
orally; beads about 0.2 mm �n d�ameter and spaced 4 per mm 
along margins.  Inner margins sometimes flattened axially.

Pal�-l�ke structures about 0.1-0.2 mm �n d�ameter 
developed on oral-ax�al marg�n of pr�mary septa and arranged 
�n a s�ngle crown around columella.

Columella well-developed, usually styl�form and sol�d 
�n appearance, roughly cyl�ndr�cal, vert�cally cont�nuous, 
often c�rcular or ell�pt�cal �n cross sect�on, and about 0.2-0.4 
mm �n d�ameter.

Wall absent orally, but somet�mes synapt�culothecal and 
weakly developed aborally.  Endotheca not observed; exothe-
ca absent.  Surface of corallum finely septocostate.  Width and 
structure of costae s�m�lar to those features as descr�bed for the 
septa.  D�stal port�ons of septocostae often b�furcated and typ�-
cally confluent with those of adjacent corallites.  Intercostal 
spaces about 0.3 mm �n w�dth or nearly tw�ce w�dth of adja-
cent costae.  Septocostae laterally spaced 8 per 2 mm.

Etymology.  The spec�es �s named for Tonantz�n, an Aztec 
goddess of the Earth.

Types.  Holotype corallum IGM-7748, w�th four th�n sect�ons 
(M-03, M-05, M-06, and M-39).

The type stratum �s the upper member of the Mal Paso 
Format�on, upper Alb�an-lower Cenoman�an.  The type local�ty �s 
�n the state of Guerrero, just north of the border w�th the adjacent 
state of M�choacán, about 0.75 km north of the rural v�llage of 
Chumbítaro, M�choacán.  The coord�nates of th�s local�ty, as 
determ�ned from the Mex�can 1:50,000 scale Coyuca de Catalán 
(E14A74) topograph�c map, are: 18° 29.3’ N, 100° 42.5’ W.

The holotype spec�mens are fragments of the branches 
of a s�ngle, large, ramose corallum from un�t MP17.  The mate-
r�al �s mostly coarsely recrystall�zed �nternally and extens�vely 
bored.  Some of the bor�ngs are �nterconnected, subspher�cal 
chambers 1-2 mm �n d�ameter wh�ch are �nterpreted as sponge 
galler�es.  Small serpul�d annel�d tubes about 0.6 mm �n d�am-
eter occur as ep�b�onts on some of the branch surfaces.

Occurrence. Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  The s�ngle 
mass�ve to ramose corallum was found �n s�tu and part�ally 
weathered out from un�t MP17

Discussion. The spec�es descr�bed above appears to be 
most s�m�lar to Thamnasteria hoffmeisteri Wells, 1933 
(p. 189-190, pl. 15, fig. 21, pl. 23, figs. 18-19), from the 
lower Cenoman�an Buda L�mestone of W�ll�amson County, 
Texas.  However, T. hoffmeisteri pr�mar�ly d�ffers from T. 
tonantzinae by the mass�ve growth form and relat�vely small 
s�ze of the corallum (75 mm �n d�ameter and about 40 mm �n 
he�ght), the more w�dely spaced cal�cular centers (average of 
3 mm), and a smaller number of septa (15-20).  In contrast to 
T. hoffmeisteri, T. tonantzinae n. sp. has a mass�ve to ramose 
growth form and a larger corallum (about 30 cm �n w�dth and 
he�ght), cal�cular centers that are more closely spaced (1.6-
3.0 mm apart), and more numerous septa �n the per�pheral 
reg�ons of the cal�ces (as many as about 30).

Suborder M�crosolen�na Morycowa and Ron�ew�cz, 1995
Fam�ly Cunnol�t�dae Allo�teau, 1952
Genus Paracycloseris Wells, 1934

Paracycloseris Wells, 1934, p. 85-86; Vaughan and Wells, 
1943, p. 135; Allo�teau, 1952, p. 668; Wells, 1956, 
p. F387; Allo�teau, 1957, p. 338.

Type species.  Paracycloseris elizabethae Wells, 1934 (p. 
86-87, pl. 3, figs. 5-10, pl. 5, figs. 1-2).
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Paracycloseris effrenatus new species
F�gure 44

Diagnosis.  D�ameter of corallum small for genus.  Septa 
numerous and �nserted �n normal hexameral pattern.  
Columella trabecular, well-developed, and narrow.

Description.  Corallum sol�tary, unattached, cupolate and 
noncostate.  Corallum typ�cally small �n s�ze, from about 5 
mm to 20 mm �n d�ameter, but most commonly 11-14 mm.  
He�ght of corallum up to 3 mm �n spec�men w�th d�ameter of 
16 mm, but most spec�mens generally much shorter, about 
1.5 mm.

Cal�ce exclus�vely monocentr�c.  Cal�cular marg�n 
c�rcular to subc�rcular �n outl�ne.  CD equal to d�ameter of 
corallum.  Depth of cal�ce generally very shallow, at most 
only about 1 mm.

Septa well-developed, very weakly exsert (less than 0.5 
mm) beyond cal�cular marg�n, those of earl�er cycles pr�mar-
�ly lam�nar and sol�d, those of later cycles lam�nar w�th few 
perforat�ons.  Each septum composed of a loose, s�ngle fan 
system of trabeculae.  Septal perforations secondarily filled, 
espec�ally on septa of earl�er cycles.  Trabecular m�crostruc-
ture not preserved.  Number of septa var�able and d�rectly 
related to d�ameter of corallum.  For examples: CD 9 mm, 
48 septa; CD 10.3 mm, 68 septa; CD 11.5 mm, 72 septa; CD 
12.5 mm, 82 septa; CD 14 mm, 100 septa; CD 20 mm, about 
144-156 septa.  Septa cons�stently hexamerally arrayed and 
inserted in from four to five complete cycles.  Some S6 usu-
ally present �n coralla w�th a d�ameter greater than 13 mm.  
S�ze relat�onsh�p among septa: S1≥S2≥S3>S4>S5>S6.  Septa of 
first three cycles blade-shaped in cross section, straight, and 
nearly equal �n length.  W�dth of S1-S3 about 0.2-0.4 mm, gen-
erally w�dest d�stally and aborally at junct�on w�th wall and 
tapered orally and ax�ally.  Usually S1, S2 and most S3 extend 
to columella.  S4 sl�ghtly shorter than S3 and �nserted close to 
per�phery of columella, w�th�n 0.5 mm.  S5 not�ceably much 
shorter than S4 and �nserted at about 2.5 mm from corall�te 
ax�s, or about 2.0 mm from marg�n of columella.  S6 usually 
weakly developed, short, and present only along per�pheral 
marg�n of cal�ce.  Interseptal spaces approx�mately as w�de 
as septa.  Synapt�culae developed aborally, poss�bly as part of 
wall structure.  Synapt�cular rods about 0.2 mm �n d�ameter 
and spaced 3 per mm along rad�us of corallum.  Synapt�cular 
rods also occur aborally between S5 and adjacent S2.  Lateral 

surfaces of septa coarsely granulated or car�nate, the structures 
spaced about 5-6 per mm along d�stal edge of larger septa.  
Septal marg�ns uneven, espec�ally toward ax�s of corallum, 
and ornamented w�th beads or dentat�ons, the latter spaced 
about 3-4 per mm, sl�ghtly w�der toward d�stal end.  D�stal 
edges of marg�ns or�ented nearly vert�cal.  Pal�-l�ke dentat�ons 
occur on ax�al port�ons of septal marg�ns of S1-S3 and cause 
columella to appear much w�der and more pap�llose.

Columella well-developed, trabecular, spong�ose, 
orally pap�llose, vert�cally cont�nuous, roughly c�rcular �n 
cross sect�on, and narrow.  W�dth of columella usually less 
than one-s�xth the CD, but even smaller �n aboral reg�on of 
ax�s.  Columella contr�buted to by trabecular extens�ons from 
axial inner margins of septa of first three cycles.

Wall primarily synapticulothecal and secondarily filled 
and basally th�ckened by ep�theca.  Ent�re mural structure 
sol�d, w�thout perforat�ons, and about 1 mm th�ck.  Endotheca 
absent.

Base of corallum covered by ep�theca and sl�ghtly 
aborally convex or concave, often w�th broad, concentr�c 
undulat�ons.  Small, con�cal project�on from center of base 
(peduncle?) of some spec�mens �nd�cates that some spec�mens 
may have been attached when young.  Surface of ep�theca 
ornamented with concentric pattern of extremely fine growth 
l�nes.  Costae absent.

Etymology. The spec�es name �s the Lat�n effrenatus 
= unrestra�ned, for the unattached mode of l�fe of the 
corallum.

Types. Holotype, IGM-7749, w�th a CD of 11.6 mm and 
about 72 septa; figured paratype IGM-7750 (thin section M-
07), with a CD of 11 mm and about 72 septa; figured paratype 
IGM-7751 (th�n sect�on M-08), w�th a CD of 12.8 mm and 
about 100 septa; and paratype lot IGM-7752, at least 15 
spec�mens, most of wh�ch are st�ll attached to the l�mestone 
matr�x and only part�ally exposed to v�ew.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.
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Occurrence. Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  All of the 
spec�mens are from un�t MP18 �n the upper part of the upper 
member of the Mal Paso Format�on.  Numerous spec�mens 
were exposed on weathered surfaces of the bed, most of them 
or�ented oral s�de up and parallel or subparallel to bedd�ng.

The type spec�es of Paracycloseris, P. elizabethae, �s known 
from the Upper Cretaceous of Jama�ca (Campan�an), Cuba and 
Mex�co (Vaughan and Wells, 1943, p. 135; Wells, 1956, p. F387).  
In add�t�on, two unnamed spec�es have been reported from the 
Alb�an of Egypt (Abdel-Gawad and Game�l, 1995).

Discussion. The type spec�es, Paracycloseris elizabethae 
Wells, 1934 (p. 86-87, pl. 3, figs. 5-10, pl. 5, figs. 1, 2), was 

or�g�nally descr�bed from the Upper Cretaceous of Jama�ca 
(Campan�an).  Paracycloseris effrenatus n. sp. pr�mar�ly 
d�ffers from P. elizabethae by the smaller d�ameter of the 
corallum, the normal hexameral �nsert�on of the septa, and 
the narrower, much less robust columella.

Abdel-Gawad and Gameil (1995, p. 24, pl. 7, figs. 5-
8) descr�bed two spec�es of th�s genus from the Alb�an of 
Egypt: Paracycloseris sp. 1 and Paracycloseris sp. 2.  Based 
on the descriptions and figures, both of these species appear 
to be morpholog�cally d�st�nct from P. effrenatus n. sp.  
Paracycloseris sp. 1 possesses numerous th�n d�ssep�ments, 
numerous s�mple synapt�culae, and a granulated, costate, 
aboral surface, whereas P. effrenatus n. sp. lacks d�ssep�ments, 
has few synapt�culae d�str�buted only near the wall, and has 

F�gure 44.  Paracycloseris effrenatus n. sp., upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km north of Chum-
bítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Holotype IGM-7749, deta�l of weathered oral surface of corallum, scale bar = 1 cm; 2, paratype 
sample IGM-7750, sl�ghtly obl�que transverse th�n sect�on through port�ons of three coralla, same scale as F�gure 44.1; 3, paratype sample IGM-7751, 
sl�ghtly obl�que transverse th�n sect�on through basal port�ons of two coralla, same scale as F�gure 44.1; 4, same spec�men as shown �n center of F�gure 44.2, 
deta�l of septa, scale bar = 1 mm.
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an undulated, noncostate aboral surface.  Paracycloseris sp. 
2 has a costate aboral surface, a septothecal wall, and S3 that 
extend only two-th�rds the d�stance from the cal�cular marg�n 
to the ax�s.  In contrast, P. effrenatus n. sp. has a noncostate 
aboral surface, a synapt�culothecate wall secondar�ly 
re�nforced by ep�theca, and S3 that extend nearly to the ax�s.

Fam�ly Latomeandr�dae Allo�teau, 1952
Genus Ovalastrea d’Orbigny, 1849

Ovalastrea d’Orbigny, 1849, p. 10; Vaughan and Wells, 1943, 
p. 120; Wells, 1956, p. F380.

Ebrayia Ferry, 1870, p. 189-193.
Favoidioseris Wells, 1933, p. 179-180.
Favioseris Wells, 1934, p. 82.
Ambiguastraea Allo�teau, 1952, p. 673.

Type species.  Astrea caryophylloides Goldfuss, 1827 (p. 66, 
pl. 22, fig. 7).

Ovalastrea malpaso new species
F�gure 45

Diagnosis. Corallum mass�ve, typ�cally hem�spher�cal or 
subspher�cal, and frequently relat�vely large �n s�ze.  Cal�ces 
relat�vely large, CD 6-12 mm, and laterally spaced 2-7 mm 
apart.  Septa fenestrate ax�ally and numerous, usually four 
complete cycles and about half of fifth cycle.

Description.  Corallum colon�al, attached, ploco�d, mass�ve, 
hem�spher�cal or subspher�cal, costate, and typ�cally 
relat�vely large �n s�ze, up to at least 30 cm �n d�ameter and 25 
cm �n he�ght.  Colony format�on by �ntratentacular budd�ng.  
L�nkages w�th�n polystomodaeal cal�ces �nd�rect, trabecular. 

Corall�tes well-del�neated, generally cyl�ndr�cal, but 
often laterally compressed or subflabellate in appearance 
orally.  Corall�tes of upper reg�on of corallum packed more 
closely together than those of lateral or lower reg�ons.  
Corall�te axes or�ented perpend�cular to surface of corallum.  
Oral portions of corallites usually slightly protuberant about 
1-4 mm above �ntercorall�te coenosteal areas.

Cal�ces d�st�nct, typ�cally monocentr�c and less 
commonly d�centr�c or rarely tr�centr�c, the latter two 
morpholog�es produced by �nc�p�ent �ntratentacular budd�ng.  
Cal�cular marg�n of monocentr�c cal�ces generally c�rcular, 

subc�rcular, or ell�pt�cal �n outl�ne.  Cal�cular marg�n of 
polystomodaeal cal�ces usually e�ther ell�pt�cal or �rregularly 
ell�pt�cal �n outl�ne.  CD var�able from about 6 to 12 mm on 
monocentr�c cal�ces; GCD sl�ghtly larger on polystomodaeal 
cal�ces.  D�stance between cal�ces var�able, shorter on upper 
areas of corallum and sl�ghtly longer on lateral and lower 
areas of corallum; overall range about 2-7 mm.  Cal�ces 
concave, about 2-4 mm �n depth.

Septa well-developed, non-exsert, lam�nar per�pherally 
and fenestrate ax�ally.  Each septum composed of a s�ngle 
fan system of trabeculae.  Trabecular m�crostructure not 
preserved.  Number of septa var�able, usually numerous, and 
proport�onately fewer �n smaller cal�ces and more �n larger 
monocentr�c cal�ces or d�- or tr�centr�c cal�ces.  As examples: 
subc�rcular cal�cular marg�n w�th CD of 8 x 9.5 mm, 66 
septa; �rregularly ell�pt�cal marg�n w�th CD of 8 x 13 mm, 
78 septa; ell�pt�cal marg�n w�th CD of 9 x 13 mm, 79 septa.  
Septa typ�cally arrayed �n at least four complete cycles w�th 
a portion of the fifth cycle usually present also.  Symmetry of 
septal arrangement not apparent; expected hexameral pattern 
of cycl�cal septal �nsert�on obscured, poss�bly d�srupted by 
mode of colony format�on (�ntratentacular budd�ng).  S�ze 
relat�onsh�p among septa: S1=S2≥S3≥S4>S5.  S1 and S2 lam�nar 
to sl�ghtly blade-shaped �n cross sect�on and about 0.2 mm �n 
w�dth.  Septa of each success�ve cycle only sl�ghtly smaller 
than those of the prev�ous cycle.  Commonly S1, S2, S3, 
and a few of the S4 extend to columella.  Septal trabeculae 
cyl�ndr�cal, c�rcular to subc�rcular �n cross sect�on, and 
spaced 4-6 per mm along length of septa.  Interseptal spaces 
approx�mately equal to, or sl�ghtly w�der than, w�dth of 
w�dest adjacent septa.  Synapt�culae absent except near wall.  
Lateral surfaces of septa uneven and car�nate or granulate 
�n appearance due to fenestrate trabecular structure of septa.  
Septal marg�ns ornamented w�th beads or dentat�ons spaced 
about 5 per mm along upper edge of septa.  D�stal edges of 
septa generally th�ckened sl�ghtly at junct�on w�th wall and 
cont�nuous beyond wall and �nto coenosteum as costae.  Ax�al 
port�ons of septal marg�ns of S1-S3 commonly �ntermeshed 
w�th columella.

Columella well-developed, trabecular, spong�ose, 
h�ghly porous, and vert�cally cont�nuous.  Columella 
pr�mar�ly composed of loosely �ntertw�ned trabecular rods 
w�th add�t�onal structural contr�but�ons from ax�al �nner 
marg�ns of S1-S3 and some S4.  Columella typ�cally 2-3 mm 
�n d�ameter, or about one-fourth to one-th�rd the CD.
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Wall well-developed, synapt�culothecal, perforate, and 
about 0.8-1.0 mm �n th�ckness.  Endotheca absent.

Coenosteum extens�vely developed between corall�tes 
and composed of layered or lam�nated ves�cular exothecal 
d�ssep�ments; th�ckness of �nd�v�dual layers ranges from 0.8 
to 2.0 mm.  Coenosteal surfaces generally concave, depressed 
areas between the protuberant cal�ces.

Costae robust, structurally cont�nuous w�th septa 
and nearly equal �n s�ze, those of latest cycles only sl�ghtly 
smaller than those of earl�er cycles.  Costae wedge-shaped 
�n cross sect�on, about 0.2 mm �n he�ght, and spaced about 
3-4 per mm.  Crests of costae sharp and ornamented w�th 
dentat�ons s�m�lar to those of the septal marg�ns.  W�dth of 
�ntercostal furrows about equal to, or sl�ghtly w�der than, 
w�dth of costae.

Etymology. The spec�es �s named for the Mal Paso Format�on, 
the type stratum. 

Types.  Holotype IGM-7753, about 19 x 23 cm �n d�ameter 
and 20 cm �n he�ght, w�th three th�n sect�ons (M-13 through 
M-15); and paratype IGM-7754, about 12 x 13 cm �n d�ameter 
and 8 cm �n he�ght.  The holotype �s a mass�ve corallum from 
the coral reef zone (un�t MP13), whereas the paratype �s a 
port�on of a mass�ve corallum from lower �n the sect�on, un�t 
MP5.

The type stratum �s the upper member of the Mal 
Paso Format�on, upper Alb�an-lower Cenoman�an.  The type 
local�ty �s �n the state of Guerrero, just north of the border 
w�th the adjacent state of M�choacán, about 0.75 km north of 
the rural v�llage of Chumbítaro, M�choacán.  The coord�nates 
of th�s local�ty, as determ�ned from the Mex�can 1:50,000 
scale Coyuca de Catalán (E14A74) topograph�c map, are: 
18° 29.3’ N, 100° 42.5’ W.

Occurrence. Known only from the type local�ty.  The 
coord�nates of th�s local�ty are g�ven above.  Th�s spec�es �s 

one of the pr�mary contr�butors to coral reef development 
�n the upper member of the Mal Paso Format�on.  Large, 
mass�ve, hem�spher�cal colon�es of th�s spec�es are common 
�n the reef hor�zon (MP13), and smaller colon�es occur 
sporad�cally �n some of the l�mestone beds strat�graph�cally 
below the reef zone as well.

Discussion. The mass�ve, ploco�d growth form of the corallum 
and the polystomodaeal cond�t�on of some of the cal�ces 
support the determ�nat�on that th�s spec�es �s a member of the 
genus Ovalastrea.  Several spec�es of Ovalastrea have been 
descr�bed from the Amer�can Cretaceous, but none of them 
possesses the character�st�cs of Ovalastrea malpaso n. sp.

Wells (1933) descr�bed two spec�es and one var�ety of 
th�s genus under the name Favoidioseris Wells, 1933, wh�ch 
has been cons�dered a jun�or synonym of Ovalastrea (see 
Vaughan and Wells, 1943, p. 120; Wells, 1956, p. F380).  
Therefore, the spec�es of Favoidioseris subsequently have 
been reass�gned to Ovalastrea (see Ca�rns, 1991, p. 8).  
Ovalastrea fredericksburgensis (Wells, 1933, p. 180-182, 
pl. 21, figs. 15-18), from the Comanche Peak Formation 
and Edwards L�mestone (both m�ddle Alb�an) of Texas, 
�s unl�ke the O. malpaso n. sp. �n that �t character�st�cally 
formed smaller coralla w�th smaller corall�tes.  The var�ety 
O. fredericksburgensis var. alta (Wells, 1933, p. 182, pl. 21, 
fig. 19), also from the Comanche Peak Formation, texas, 
formed small coralla also, but possesses corall�tes that are 
even smaller (average CD of 4 x 5 mm) and more protuberant 
(up to 3.5 mm) than the typ�cal form.  Ovalastrea pecosensis 
(Wells, 1933, p. 182-183, pl. 22, figs. 4, 5), from Denton 
age (Alb�an) strata �n western Pecos County, Texas, �s 
morpholog�cally s�m�lar to the Mex�can spec�mens w�th regard 
to arrangement of corall�tes, shapes of cal�cular marg�ns, and 
range of CD, but the corallum �s very much smaller than that 
of O. malpaso n. sp.  Furthermore, accord�ng to Wells (1933), 
the spec�mens of O. pecosensis are silicified, distorted, and 
badly weathered, and therefore a more deta�led compar�son 

F�gure 45.  Ovalastrea malpaso n. sp., holotype IGM-7753, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 km 
north of Chumbítaro, M�choacán, �n the State of Guerrero, Mex�co.  1, Port�on of weathered oral surface of corallum, scale bar = 1 cm; 2, deta�l of same 
surface, scale bar = 1 cm; 3, transverse th�n sect�on of corall�tes from lower s�de of corallum, skeletal mater�al mostly recrystall�zed, scale bar = 1 cm; 4, 
longitudinal thin section, mostly recrystallized, upper edge of calice along top of figure, coenosteal structure in upper right; note relic skeletal growth bands 
in lower left of figure, scale bar = 1 cm; 5, transverse thin section, detail of di- to tricentric corallite, same scale as Figure 45.4; 6, longitudinal thin sec-
tion, detail of septa in center and right of figure and synapticulothecal wall along left margin of figure, scale bar = 1 mm; 7, transverse thin section, mostly 
recrystallized, detail of columella, lower left of figure, and septa; note septal fenestrae in vicinity of columella, same scale as Figure 45.6; 8, transverse thin 
section, detail of synapticulothecal wall across center of figure (left to right), septa in lower half of figure, and coenosteal dissepiments with costae, top 
portion of figure, same scale as Figure 45.6.
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of these spec�mens w�th the Mex�can spec�es �s not poss�ble.  
Wells (1933, p. 183) also noted a strong morpholog�cal 
s�m�lar�ty between O. pecosensis and a Cenoman�an spec�es 
from France, O. ambigua (Fromentel, 1879), except that the 
columella �s false �n the latter spec�es.

The genus Favioseris Wells, 1934, also �s a jun�or 
synonym of Ovalastrea (see Vaughan and Wells, 1943, p. 
120; Wells, 1956, p. F380).  Therefore, the type spec�es of 
Favioseris, F. anomalos Wells, 1934 (p. 82-83, pl. 4, figs. 19, 
20), �s prov�s�onally transferred to Ovalastrea.  Ovalastrea 
anomalos (Wells, 1934), known from the Upper Cretaceous 
of Jama�ca, pr�mar�ly d�ffers from O. malpaso n. sp. by the 
smaller s�ze of the corallum, the much smaller corall�tes 
(average CD of c�rcular cal�ces 3 mm), the smaller number 
of septa (24-45), and the absence of a columella.

Ovalastrea rutschi Wells, 1948 (p. 613, pl. 90, figs. 3, 
4), from the Lower Cretaceous of the Central Range and the 
Toco Format�on, Tr�n�dad (Barr, 1962, p. 394), d�ffers from 
the Mex�can spec�es �n several respects �nclud�ng the smaller 
s�ze of the corallum, the permanently monocentr�c cal�ces, 
the smaller corall�tes (CD range 2.0-3.5 mm), and the smaller 
number of septa (as many as 42).

Another morpholog�cally s�m�lar Mex�can spec�es, 
from the Lower Cretaceous San Juan Raya Format�on, state 
of Puebla, was descr�bed by Reyeros (1963, p. 12-13, pl. 2, 
fig. 5, pl. 3, figs. 1-2) as Baryphyllia confusa (d’Orbigny, 
1850c).  However, th�s spec�es pr�mar�ly d�ffers from O. 
malpaso n. sp. by the pedunculate attachment and relat�vely 
very small s�ze of the corallum.

Fam�ly M�crosolen�dae Koby, 1890
Genus Dimorpharaea Fromentel, 1861

Type species.  Microsolena koechlini Ha�me, �n M�lne Edwards, 
1860 (p. 202), by subsequent des�gnat�on (Gregory, 
1900, p. 188, follow�ng Koby, 1887, p. 387).

Dimorpharaea barcenai (Felix, 1891)
F�gure 46

Thamnastraea barcenai Felix, 1891, p. 144-145, pl. 22, fig. 
3, pl. 23, figs. 7, 7a; Felix, 1914a, p. 50.

Dimorpharaea barcenai (Fel�x, 1891).  Gregory, 1900, p. 
189; Wells, 1932, p. 253, pl. 37, fig. 4; 1933, p. 90; 
S�kharul�dze, 1979, p. 303; 1985, p. 44-45, pl. 20, 
fig. 3; Császár and turnšek, 1996, p. 431, 434, fig. 
8.9; Löser, Bach, and Müller, 2002, p. 42.

Astraeofungia barcenai (Fel�x, 1891).  Löser, 2006, p. 48, 
fig. 3J.

Description.  Corallum colon�al, attached, thamnastero�d, 
massive, convex orally, tapered toward base, and finely 
septocostate.  S�ze of s�ngle spec�men 85 x 80 mm 
�n w�dth and 50 mm �n he�ght.  Colony format�on by 
c�rcumoral polystomodaeal budd�ng and some �ntramural 
polystomodaeal budd�ng w�th temporary �nd�rect, trabecular 
l�nkages.

Corall�tes generally subcyl�ndr�cal or weakly 
subprismatic in shape, laterally confluent with each other 
due to lack of walls, and arranged w�th axes subparallel to 
each other and perpend�cular to upper surface of corallum.  
Calices superficial, typically well-defined axially but vaguely 
del�neated per�pherally, and usually monocentr�c unless �n 
process of �ntramural budd�ng.  Cal�cular marg�n weakly 
del�neated, generally subc�rcular to subpolygonal, but laterally 
elongate �n cases of �nc�p�ent budd�ng.  CD sl�ghtly var�able, 
approx�mately 3-6 mm.  Cal�ces concave, very shallow, less 
than 1 mm in depth.  Calicular centers well-defined, about 1 
mm �n d�ameter, and commonly spaced about 4-6 mm from 
center to center.  Cal�cular centers of corall�tes �n process of 
budd�ng laterally elongate to 4 mm.

Septa well-developed, weakly exsert, regularly fenes-
trate, and structurally cont�nuous as septocostae.  Each sep-
tum composed of a s�ngle fenestrate fan system of trabecu-
lae.  Trabecular m�crostructure not preserved.  Symmetry of 
septal arrangement and number of septal cycles obscured by 
corall�te budd�ng; however, septa generally rad�ally arrayed 
from cal�cular centers and overall number of septa �nd�cates 
that up to four cycles of septa may be present.  Number of 

F�gure 46.  Dimorpharaea barcenai (Fel�x, 1891), IGM-7755, upper member of the Mal Paso Format�on, upper Alb�an-lower Cenoman�an, about 0.75 
km north of Chumbítaro, Michoacán, in the State of Guerrero, Mexico.  1, Oral view of part of weathered upper surface of corallum, scale bar = 1 cm; 2, 
transverse th�n sect�on of central upper area of corallum, part�ally coarsely recrystall�zed, w�th cross sect�ons of numerous endol�th�c b�valves, same scale 
as F�gure 46.1; 3, long�tud�nal th�n sect�on, same scale as F�gure 46.1; 4, transverse th�n sect�on, deta�l of cal�cular center, columella, septa, and septocostae, 
part�ally coarsely recrystall�zed, scale bar = 1 mm; 5, long�tud�nal th�n sect�on, deta�l of septa-septocostae and synapt�culae, same scale as F�gure 46.4; 6, 
transverse th�n sect�on, deta�l of �nc�p�ent �ntramural budd�ng of corall�te, trabecular columella, and septa-septocostae, same scale as F�gure 46.4.
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septa var�able, about 8-15 present �n v�c�n�ty of corall�te ax�s, 
but about 20-40 present per�pherally along cal�cular marg�n.  
Approx�mate s�ze relat�onsh�p among septa: S1≈S2≥S3>S4.  
S1, S2, and some S3 commonly extend to marg�n of ax�al re-
g�on.  S4, or those of h�gher cycles, typ�cally �nserted pe-
r�pherally by b�furcat�on of septa of prev�ous cycles.  Septa 
stra�ght or gently curved and subequal �n w�dth, about 0.2 
mm.  Septal fenestrae about 0.2 mm �n d�ameter.  Interseptal 
spaces about equal to or sl�ghtly w�der than w�dth of septa.  
Synapt�culae abundant throughout corallum, s�mple, cyl�n-
dr�cal or rod-shaped, and vert�cally spaced about 4-5 per 
mm.  Lateral surfaces of septa uneven and undulate or car�-
nate �n appearance due to fenestrate structure of septa and 
numerous fus�ons w�th synapt�culae.  Septal marg�ns beaded 
orally; beads spaced about 3-4 per mm along length of sep-
tocostae.  Pal�-l�ke trabecular structures, or columellar pap�l-
lae, often present on �nner edges of septa wh�ch surround 
cal�cular ax�s.

Columella weakly developed, trabecular, vert�cally 
cont�nuous, orally pap�llose, usually subcyl�ndr�cal and 
about 0.5-0.8 mm �n d�ameter, but occas�onally laterally 
elongate as trabecular l�nkage between corall�tes �n process 
of budd�ng and up to about 4 mm �n length.  Columella com-
posed of few, �ntermeshed trabecular rods about 0.2 mm �n 
d�ameter arranged �n an open meshwork and usually contr�b-
uted to by lateral trabecular extens�ons from �nner edges of 
adjacent septa.

Wall absent.  Lateral trans�t�ons between corall�tes 
often indicated by convergence of or inflection in confluent 
septocostal-synapt�cular skeletal structure.  Endothecal and 
exothecal d�ssep�ments absent.

Costae well-developed, structurally s�m�lar to and 
continuous with septa, and typically confluent with those 
of adjacent corallites.  Upper surface of corallum finely 
septocostate w�th very low rel�ef.  Septocostal areas 

between cal�cular centers orally convex, rounded and low.  
Septocostae laterally spaced about 6-7 per 2 mm, or about 
15-18 per 5 mm.

Material examined. One corallum, IGM-7755, with four 
th�n sect�ons (M-41 through M-44).  Numerous b�valve 
endob�onts occur w�th�n the colony.

Occurrence. The spec�men was collected from the coral reef 
hor�zon of the upper member of the Mal Paso Format�on, 
upper Alb�an-lower Cenoman�an.  The foss�l local�ty �s �n the 
state of Guerrero, just north of the border w�th the adjacent 
state of M�choacán, about 0.75 km north of the rural v�llage 
of Chumbítaro, M�choacán.  The coord�nates of th�s local�ty 
are: 18° 29.3’ N, 100° 42.5’ W.

Th�s spec�es was or�g�nally descr�bed from the 
Neocom�an strata near Tehuacán, state of Puebla, Mex�co.  
The only other reported occurrence �n North Amer�ca �s �n 
the lower Glen Rose Format�on (lower Alb�an) on Blanco 
River, Hays County, texas.  Other reported occurrences 
are from the Hauter�v�an-Apt�an of Hungary and the lower 
Barrem�an of Georg�a (SSR).

Discussion. The morpholog�cal character�st�cs of the 
spec�men descr�bed above are essent�ally the same as those 
descr�bed prev�ously for Dimorpharaea barcenai (Fel�x, 
1891), therefore the corallum �s referred to that spec�es.  The 
basal port�on of the spec�men �s not as pedunculate as the 
specimen figured by Felix (1891, pl. 23, figs. 7, 7a), but it is 
tapered toward �ts base and the peduncle may not have been 
preserved.  Add�t�onally, the upper surface of the corallum 
is slightly convex, whereas the specimen figured by Felix 
(1891) has a nearly flat upper surface.  except for these 
m�nor d�fferences �n corallum shape, the character�st�cs of 
the spec�mens appear to be the same.
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Taxonom�cally d�verse assemblages of colon�al corals and 
other organ�sms have been d�scovered at certa�n hor�zons �n 
the Cumbur�nd�o and Mal Paso format�ons.  Many of these 
organ�sms are both laterally and strat�graph�cally closely 
spaced w�th�n the rock and frequently �n d�rect contact w�th 
or attached to each other.  The growth forms of colon�al corals 
w�th�n these h�gh d�vers�ty �ntervals also span a fa�rly broad 
spectrum and �nclude, for examples, encrust�ng, mass�ve, 
ramose, fol�aceous, and phacelo�d corallum morpholog�es.  
The occurrence of these d�verse growth forms and the�r 
juxtapos�t�on w�th�n the rock �nd�cate that the depos�ts 
were organ�cally bound concurrently w�th coral growth 
and local sed�mentat�on.  The l�mestones produced by the 
comb�nat�on of these b�olog�cal and depos�t�onal factors 
include bafflestone, bindstone, and framestone.  evidence for 
the former presence of some amount of topograph�c rel�ef on 
the depos�t�onal surfaces w�th�n these depos�ts was observed 
at some localities.  Overall, the paleontologic and lithologic 
character�st�cs of these hor�zons are s�m�lar to those descr�bed 
for other Early and m�ddle Cretaceous coral reef depos�ts.

Analog�es w�th l�v�ng corals �nd�cate that the major�ty 
of the foss�l corals from the Cumbur�nd�o and Mal Paso 
format�ons were reef-bu�ld�ng spec�es.  Corals that bu�ld 
reefs or contr�bute to the development of reefs also are 
typ�cally hermatyp�c corals (construct�onal zooxanthellate 
corals; Schuhmacher and Z�brow�us, 1985), wh�ch are 
corals that l�ve �n symb�ot�c relat�onsh�p w�th a m�croscop�c, 
photosynthes�z�ng alga, called zooxanthellae, harbored �n 
the�r polyps.  However, because the symb�ot�c algae are �n 
the soft, l�v�ng parts of the coral and not �n the skeleton, 
d�rect ev�dence for the presence of alga �s not preserved �n the 
foss�l record (Cowen, 1983, 1988).  Therefore, the �nference 
that most of the coral spec�es were zooxanthellate �s based 
on analogy with extant forms (Wells, 1957), specifically 
the preserved morpholog�cal features of the corals, and 
sed�mentolog�cal ev�dence.  The arrangement and s�ze of the 
corall�tes, the relat�vely h�gh levels of colony �ntegrat�on, 
the colony growth forms, and the s�zes and shapes of the 
coralla (Coates and Oliver, 1973; Hubbard, 1973; Wells, 
1973; Coates and Jackson, 1985, 1987), along w�th the 
character�st�cs of the enclos�ng l�tholog�es (Hubbard and 

Pocock, 1972), support the �nterpretat�on that the major�ty 
of the foss�l coral spec�es were zooxanthellate.  Furthermore, 
many of the assoc�ated b�ot�c components also suggest a 
shallow mar�ne hab�tat w�th�n the phot�c zone.

The symb�ot�c relat�onsh�p between corals and 
photosynthet�c algae effect�vely l�m�ts the ecolog�c 
d�str�but�on of construct�onal zooxanthellate corals to 
substrates �n relat�vely shallow (< 100 m), well-l�ghted, 
warm, marine water.  However, this ecological definition is an 
overly simplified generalization (see Rosen, 1977).  In reality, 
the observed range of any one of the supposed controll�ng 
ecolog�cal parameters �s affected by other cond�t�ons of the 
env�ronment.  Thus, the prec�se ecolog�cal l�m�tat�ons on the 
d�str�but�on of these corals are dependent on the �nterplay 
of a vast number of env�ronmental factors (Huston, 1985).  
Of these factors, water temperature is one of the most 
�mportant w�th regard to modern coral reefs, but whether 
the l�m�tat�on �s phys�olog�cal or ecolog�cal �s unclear.  The 
opt�mum temperature for zooxanthellate coral growth �s 
var�able because �t �s related to other local env�ronmental 
cond�t�ons as well, �nclud�ng l�ght �ntens�ty, nutr�ent supply, 
and sal�n�ty (Goreau and Goreau, 1960; K�nsey and Dav�es, 
1979; Tomasc�k and Sander, 1985; Burke, 1994; Veron, 
1995).  For examples, the opt�mum temperature for growth 
�n Hawa��an reefs �s about 26°C (Jok�el and Coles, 1977), 
whereas �n the Flor�d�an reefs �t �s between 28 and 30°C 
(Sh�nn, 1966).  The coral b�otas of both the Cumbur�nd�o and 
Mal Paso format�ons �nd�cate that the mar�ne water generally 
was w�th�n th�s temperature �nterval and of normal sal�n�ty.

Azooxanthellate corals, the corals that character�st�cally 
lack symb�ot�c algae, are known from shallow-water hab�tats 
as well (for examples see Schuhmacher, 1984; Hubbard and 
Wells, 1986).  However, because they lack algal symb�onts, 
they are not restr�cted to shallow-water hab�tats.  Some ex-
tant azooxanthellate colon�al spec�es form coral bu�ld-ups �n 
deeper, colder, aphot�c mar�ne env�ronments (for examples, 
see Neumann et al., 1977; Reed, 1980; Mull�ns et al., 1981; 
Fr�cke and Hott�nger, 1983; Fr�cke and Knauer, 1986; Newton 
et al., 1987; Mess�ng et al., 1990; Hovland et al., 1998).  Th�s 
ecologic distinction is clarified because one of the species 
from the Mal Paso Format�on, the colon�al dendrophyll��d 
Blastozopsammia guerreroterion F�lkorn and Pantoja-Alor, 
2004, may have been a member of th�s group.  The paleoeco-

paleoeCology
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log�c �mpl�cat�ons of th�s spec�es have been exam�ned �n an 
earl�er publ�cat�on (F�lkorn and Pantoja-Alor, 2004) and fur-
ther d�scussed �n the systemat�c paleontology sect�on of th�s 
study, therefore they are only briefly reviewed below.

Spec�es d�vers�ty of modern reef corals and the overall 
abundance of coral reefs both decrease as mean temperature 
decreases, wh�ch notably also correlates w�th an �ncrease �n 
lat�tude (Veron, 1995).  Modern coral reefs are l�m�ted by 
a m�n�mum susta�ned temperature of 18°C, beyond wh�ch 
po�nt part�al or total mortal�ty occurs depend�ng on the dura-
t�on of exposure.  Few bu�ld-ups of zooxanthellate reef cor-
als surv�ve at temperatures below th�s m�n�mum (Mac�ntyre 
and P�lkey, 1969; Burns, 1985).  However, the actual l�m�t�ng 
factor w�th regard to lat�tud�nal d�str�but�ons of coral reefs 
may not be the mortal�ty caused by the lower temperatures, 
but rather the decrease �n coral metabol�sm (Clausen and 
Roth, 1975; Crossland, 1984) and the �ncrease �n compet�t�on 
from macroalgae (Johannes et al., 1983).  Some coral spec�es 
that surv�ve near the�r lower temperature l�m�t at local�t�es �n 
h�gher lat�tudes may develop unusual growth forms or exh�b-
�t other d�st�nct morpholog�es from repeated events of part�al 
mortal�ty and subsequent regenerat�on (Veron, 1995; also see 
Hughes and Jackson, 1980).  At h�gher temperatures, mod-
ern reef corals generally are l�m�ted to a max�mum susta�ned 
temperature of about 30 to 34°C (Veron, 1995), although 
some occurrences just above th�s upper l�m�t have been noted 
(K�nsman, 1964).  The h�gher values of the max�mum occur 
�n the trop�cs, whereas the lower values occur �n temperate 
zones (Coles and Jok�el, 1977).  These h�gher temperatures 
cause heat stress and d�srupt�on of the coral-zooxanthellae 
symb�ot�c relat�onsh�p, a process known as bleach�ng.  Many 
of the modern large-scale bleach�ng events have been cor-
related to temperature �ncreases caused by El N�ño-Southern 
Oscillation climatic fluctuations, but localized tide-induced 
heat stress bleach�ngs are common �n the trop�cs (Veron, 
1995).  Bleach�ng, e�ther d�rectly or �nd�rectly, can cause 
mortal�ty of coral reefs at both local and reg�onal scales.

Another major factor �n the d�str�but�on of modern 
zooxanthellate reef corals �s the amount of l�ght �n the 
amb�ent mar�ne env�ronment.  L�ght �s essent�al to these corals 
because the�r algal symb�onts requ�re �t for photosynthes�s 
(Goreau and Goreau, 1960; Veron, 1995).  In general, the 
�ntens�ty of solar l�ght �s h�ghest near the surface of the water 
and �t decreases w�th �ncreas�ng depth.  Th�s decrease �n l�ght 
intensity with increasing water depth has a marked influence 

on the depth d�str�but�on of reef corals (Huston, 1985).  Thus, 
the deepest hab�tats of reef corals are at least �n part del�neated 
by the m�n�mum amount of l�ght requ�red for photosynthes�s 
to occur in their algal symbionts.  Although the specific 
l�ght requ�rement of the algal symb�onts �s a l�m�t�ng factor, 
the lower depth l�m�t of photosynthes�s �s var�able because 
�t �s �n turn affected by the local env�ronmental cond�t�ons 
of the overly�ng water column, such as turb�d�ty caused by 
suspended sed�ment and plankton.  Several taxonom�cally 
distinct species of algal symbionts have been identified in 
extant corals, but typ�cally only one k�nd �s present �n any 
s�ngle coral spec�es (Rowan and Powers, 1991).  Thus, 
the max�mum depth for a part�cular coral spec�es �s partly 
determined by the light requirement of the specific kind of 
zooxanthellae that �t conta�ns.  However, the d�fferences �n 
minimum light requirements alone may not be significant 
enough to cause a marked decrease �n d�vers�ty w�th depth.  
Dense assemblages of taxonom�cally d�verse and relat�vely 
large zooxanthellate coral colon�es s�m�lar to those �n 
shallow-water reef hab�tats have been reported from depths 
of as much as 70 m (Goreau and Wells, 1967; Kühlmann, 
1983; Fr�cke and Me�schner, 1985).

Although �ntense l�ght �s ava�lable at and near the 
surface of the water, coral spec�es d�vers�ty �n very shallow 
reef hab�tats frequently �s relat�vely low.  Generally reef coral 
taxonom�c d�vers�ty �ncreases from 0 to 15 m depth, atta�ns a 
max�mum at depths of about 15 to 30 m, and starts to decrease 
at approx�mately 25 to 40 m (Huston, 1985).  Based on 
these observat�ons, spec�es d�vers�ty �n shallower hab�tats �s 
controlled by factors other than l�ght �ntens�ty.  Among these 
other factors are several k�nds of ecolog�cal and b�olog�cal 
d�sturbances that affect the ecology of the reef and �ntroduce 
a h�gher degree of var�ab�l�ty to the env�ronment.  These 
shallow-water d�sturbances �nclude: per�ods of subaer�al 
exposure dur�ng unusually low extremes �n low t�des; per�ods 
or events w�th potent�ally destruct�ve wave energy; pulses of 
sed�mentat�on (also �mportant �n deeper hab�tats); h�gh rates 
of algal growth (or algal blooms); and changes �n �ntens�ty of 
graz�ng by herb�vores and corall�vores (Moyer et al., 1982; 
Huston, 1985; Karlson and Hurd, 1993; Aronson and Precht, 
1997).  Thus, taxonom�c d�vers�ty and spec�es d�str�but�on 
w�th�n shallow-water reef hab�tats can be greatly affected by 
the actual chronology and sequence of d�sturbance events 
that occurred throughout the h�story of the reef (Potts, 1984; 
Hughes, 1989; Jackson, 1991).
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the influence of differences in light intensity, 
hydrolog�cal energy, and type of substrate, or any 
comb�nat�ons thereof, w�th concurrent changes �n depth 
of substrate can cause d�fferent growth patterns among 
colon�es of the same coral spec�es as well as d�fferences �n 
growth rate (Wood Jones, 1907; Vaughan, 1910, 1911, 1912, 
1913a, 1913b, 1914a, 1914b, 1914c, 1915, 1919b; Mayor, 
1924; Edmondson, 1929; Yonge, 1931, 1935; Sh�nn, 1966; 
Graus and Macintyre, 1976; Graus et al., 1977; Oliver et al., 
1983; Höfling, 1989; and others).  However, just because a 
part�cular coral spec�es has a fast rate of growth does not 
necessar�ly �mply that �t also has ecolog�c dom�nance over 
other coral species that grow more slowly: interspecific 
aggress�on also �s an �mportant cons�derat�on (Lang, 1973).  
At a local scale, even the effects of grad�ents �n hydrolog�cal 
or other env�ronmental cond�t�ons w�th depth can result �n 
d�fferent d�str�but�ons for d�fferent spec�es and �nduce an 
ecolog�cal-b�olog�cal zonat�on (for examples see Goreau, 
1959; Maragos, 1974; Stearn, 1982).

Intraspecific, environmentally induced morphological 
var�ab�l�ty �s frequently observed �n extant reef corals (Budd, 
1993; Hoeksema, 1993), but it is often difficult to determine 
whether the morpholog�cal var�at�on among foss�l coralla 
was caused by d�fferences �n paleoenv�ronmental factors 
or genetic variation (Barnabás, 1954; Pfister, 1977; Foster, 
1979, 1985).  However, the observat�on that a h�gh degree of 
intraspecific morphological variability can occur within the 
same hab�tat (Van Veghel and Bak, 1993; Budd et al., 1994; 
We�l and Knowlton, 1994) �mpl�es that �t may have occurred 
�n foss�l coral spec�es as well.  Furthermore, the potent�al 
effects of both paleoenv�ronmental and genet�c var�at�ons 
w�th�n a s�ngle l�neage over relat�vely long �ntervals of t�me 
(m�ll�ons of years) may result �n a phylogeny w�thout any 
apparent long-term morpholog�cal trends (see Budd and 
Coates, 1992).

Rud�st b�valves also are common �n the Cumbur�nd�o 
and Mal Paso format�ons and frequently they occur adjacent 
to corals w�th�n the same strat�graph�c hor�zons.  The 
paleoecological significance of the rudists, an extinct group, 
�s based pr�mar�ly on paleontolog�cal stud�es.  The members 
of th�s group exh�b�t a fa�rly broad range of growth or�entat�on 
and valve morphology, each comb�nat�on of wh�ch was 
better adapted to a part�cular ecolog�cal sett�ng (for examples 
see Yonge, 1967; Skelton, 1976, 1978, 1979, 1982, 1985; 
Kauffman and Sohl, 1979; Scott, 1979, 1981; Kauffman and 

Johnson, 1988; Ross and Skelton, 1993).  Whether rud�sts 
harbored photosynthes�z�ng algae �n a symb�ot�c relat�onsh�p 
s�m�lar to that of zooxanthellate corals �s st�ll uncerta�n and 
debatable (see Vogel, 1975; Kauffman and Johnson, 1988; 
Lewy, 1995).  The fact that rud�sts and corals frequently 
do not occur together may �nd�cate that for the most part 
their ecological niches, including specific requirements and 
l�m�tat�ons, were d�st�nctly d�fferent (see Scott, 1979, 1981, 
1984b, 1988; Scott et al., 1990).  Rud�sts may have been 
able to tolerate and thr�ve �n hab�tats that were unfavorable 
for corals, such as those w�th relat�vely h�gher levels of 
hydrolog�c energy or turb�d�ty or w�th broader ranges 
of sal�n�ty and temperature (Lewy, 1995).  Furthermore, 
many rud�st spec�es of the Early Cretaceous probably were 
gregar�ous soft-sed�ment dwellers on carbonate platforms 
rather than reef-bu�lders (G�l� et al., 1995).  The occurrences 
of rud�sts encountered dur�ng th�s study and the�r ecolog�c 
and strat�graph�c relat�onsh�ps w�th the corals are d�scussed 
below.

The paleoecolog�c �nterpretat�ons for the occurrences 
of the foss�l corals descr�bed �n th�s study are based on the 
�nformat�on outl�ned above.  Because the major�ty of the 
corals presumably were zooxanthellate and thus restr�cted 
to substrates w�th�n the mar�ne phot�c zone, most of the 
coral hab�tats must have been at depths of less than 100 m.  
However, the relat�vely d�verse coral assemblages and growth 
forms at some hor�zons �nd�cate much shallower hab�tats, 
probably from about 10 to 30 m.  The general lack of well-
sorted packstones and gra�nstones, l�tholog�c ev�dence for 
h�gh-energy sed�mentary fac�es, and the ub�qu�tous presence 
of carbonate mudstone as the matr�x �n most of the l�mestones 
�nd�cate that most of the coral hab�tats were near to or below 
normal wave base.  The temperature of the water �n these 
hab�tats presumably was w�th�n the l�m�ts observed for extant 
zooxanthellate reef coral growth, about 20 to 30°C.

cUmBUrindio formation

Corals have been collected from the Cumbur�nd�o Format�on 
at four local�t�es �n the general v�c�n�ty of Tur�tz�o, M�choacán 
(F�gure 2).  Two of these four local�t�es y�elded only one 
identifiable coral species each.  A locality in the lower part 
of the Cumbur�nd�o Format�on near the v�llage of Las Eras, 
about 4.5 km southwest of Tur�tz�o, y�elded only one coral 
spec�men, a corallum of the ploco�d styl�n�d Stylina regularis 
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Fromentel, 1862.  The northernmost Tur�tz�o local�ty, s�tuated 
on the southwestern slope of the southern end of Loma 
Terem�t�o, an elongate h�ll about 1.5 km north of Tur�tz�o, 
y�elded spec�mens of the ploco�d cyathophor�d Cyathophora 
haysensis Wells, 1932.  The rema�n�ng two local�t�es �n the 
Cumbur�nd�o Format�on conta�ned numerous corals: the 
Arroyo Los Hornos about 1 km north of Tur�tz�o, and Loma 
de San Juan, a small h�ll just south of Tur�tz�o.  The pos�t�ons 
of the latter three local�t�es, Loma Terem�t�o, Arroyo Los 
Hornos, and Loma de San Juan, are al�gned north to south 
and only about 1 km apart from each other, but the l�tholog�es 
and sequence of sed�mentary fac�es at each of these local�t�es 
are d�fferent.  Thus, the vert�cal success�on and lateral fac�es 
relat�onsh�ps of the beds at these three local�t�es are a record 
of the changes �n the paleoecolog�c and paleogeograph�c 
sett�ngs �n th�s reg�on.  The northernmost sect�on of Loma 
Terem�t�o �s pr�mar�ly composed of b�ogen�c l�mestones that 
laterally become �nterbedded w�th volcan�clast�cs to the south 
at the Arroyo Los Hornos.  Conversely, the southernmost 
sect�on at the Loma de San Juan �s mostly volcan�clast�cs 
that laterally become �nterbedded w�th l�mestone beds �n the 
sect�on at Arroyo Los Hornos to the north.  Accord�ngly, the 
paleoecolog�c sett�ngs of these rocks �s mostly shallow mar�ne 
�n the north, grad�ng to carbonate platform �n the central area, 
and becom�ng more prox�mal to a source of volcan�clast�cs 
�n the south at Loma de San Juan wh�le spann�ng a deep 
to shallow mar�ne trans�t�on.  The only coral reef hor�zon 
d�scovered �n the Cumbur�nd�o Format�on �s at the top of the 
southernmost outcrop at the Loma de San Juan.

All but one of the coral spec�es from the Cumbur�nd�o 
Format�on are colon�al forms w�th large phacelo�d, dendro�d 
or ramose coralla, or small to med�um-s�zed mass�ve ploco�d, 
cer�o�d, meandro�d, thamnastero�d, or hydnophoro�d coralla.  
The growth forms and h�gh level of corall�te �ntegrat�on of 
these coralla �nd�cate that they were zooxanthellate, reef-
bu�ld�ng coral spec�es.  Although many of these corals 
occurred as �solated �nd�v�dual colon�es �n the stud�ed 
strat�graph�c sect�ons, one extens�ve hor�zon �n the upper part 
of the sect�on at Loma de San Juan conta�ned a h�ghly d�verse, 
autochthonous accumulat�on of corals that �s �nterpreted as a 
coral reef

The Cumbur�nd�o Format�on strata exposed on the 
southern s�de of the Arroyo Los Hornos, just below the 
northwest fence l�ne of Tur�tz�o cemetery, are �nterbedded 
fine-grained volcaniclastics and calcareous mudstones 

that conta�n �solated, small, mass�ve cer�o�d coralla and 
large phacelo�d coralla preserved �n l�v�ng pos�t�on.  
Unfortunately, almost all of the mass�ve coralla from these 
beds are completely recrystall�zed �nternally and therefore 
�t was �mposs�ble to use th�s mater�al to make taxonom�c 
determinations.  One of the species is the same as one that 
had been identified from a specimen found at the northern 
local�ty, the ploco�d cyathophor�d Cyathophora haysensis 
Wells, 1932.  However, based on superficial morphological 
s�m�lar�t�es, some of the same mass�ve spec�es also occur 
�n the m�ddle part of the Cumbur�nd�o Format�on sect�on at 
the Loma de San Juan.  One of the most abundant corals in 
the beds adjacent to the Arroyo Los Hornos �s the phacelo�d 
calamophyll��d Calamophyllia sandbergeri Fel�x, 1891.  
Coralla of th�s spec�es range up to at least 30 cm �n he�ght 
and w�dth and many of them are exposed, weathered out 
�n rel�ef, on a ledge of one of the more res�stant l�mestone 
beds.  Although the coralla of th�s spec�es are abundant at 
th�s part�cular hor�zon, none was observed to be coalesced 
or �ntergrown w�th other adjacent colon�es and thus any 
potent�al establ�shment of a coral reef had not yet atta�ned the 
th�cket stage of development before the hor�zon was bur�ed 
by sed�ment.  Smaller coralla of th�s spec�es also were found 
to the south �n the coral reef zone at the Loma de San Juan.

The th�ckest, most res�stant carbonate strata �n the 
Cumbur�nd�o Format�on are well-developed rud�st b�ostromes 
that are exposed both as ledges at kn�ckpo�nts �n the Arroyo 
Los Hornos and as low-rel�ef r�dges and crests on the adjacent 
slopes.  Furthermore, the major�ty of the carbonate bu�ld-
ups �n the Cumbur�nd�o Format�on are composed mostly 
of rudist skeletal material.  Only one horizon with a coral-
dom�nated reef fac�es has been d�scovered �n th�s un�t and 
that bed �s located at the top of the sect�on at the Loma de 
San Juan, just south of Tur�tz�o.  The l�mestone beds exposed 
w�th�n the Arroyo Los Hornos �tself are nearly exclus�vely 
composed of rud�st b�valves.  However, �n one part of the 
sect�on exposed along the thalweg of the Arroyo Los Hornos, 
a s�ngle large, ramose, colony of the m�crosolen�d coral 
Thamnarea hornosensis n. sp. �s preserved w�th abundant 
valves of the rud�sts Praecaprina sp. and Caprina sp.  
Th�s m�crosolen�d colony appears to have coex�sted w�th 
the rud�sts and contr�buted to the development of a rud�st-
dom�nated, rud�st-coral b�ostrome.  The preserved port�on of 
th�s colony �s fa�rly large, about 1.6 m �n length and 1.4 m 
�n w�dth, and �t exh�b�ts a broad, fan-l�ke shape (see F�gure 
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20).  The corallum �s composed of numerous subparallel, 
closely packed, elongate, narrow branches that range from 
1 to 2 cm �n d�ameter.  An �ndeterm�nate spec�es of l�near, 
creep�ng bryozoan �s attached to some of the coral branches 
(see F�gure 20.8).  The coral spec�men �s preserved ly�ng 
on its side and it appears to have been laterally flattened by 
compact�on, �nd�cat�ng that �t was toppled pr�or to bur�al.  
The substrate underly�ng the coral colony �s composed 
almost ent�rely of rud�st valves.  Th�s ev�dence �nd�cates that 
the coral spec�men colon�zed the rud�st valve substrate and 
then grew more than a meter vert�cally wh�le very l�ttle �f any 
rud�st b�oclast�c mater�al accumulated around the base of the 
corallum.  The fact that the corallum was or�g�nally upr�ght 
dur�ng growth �s supported by weathered transverse sect�ons 
of the same coral spec�es �n the next h�ghest l�mestone bed 
�n the arroyo, where the branches are or�ented w�th long axes 
vert�cal, perpend�cular to the substrate.  No other occurrences 
of th�s type of m�crosolen�d coral-rud�st assoc�at�on are 
known from Mex�co.

The coral fauna from the Cumbur�nd�o Format�on 
sect�on exposed at the Loma de San Juan, just south of Tur�tz�o, 
�s the most d�verse Apt�an coral fauna d�scovered �n southern 
Mex�co.  Although th�s sect�on �s laterally equ�valent to the 
sect�on at Arroyo Los Hornos, the major�ty of the beds are 
composed of volcan�clast�cs and l�mestone �s present only at 
the base and top of the sect�on.  The major�ty of the corals from 
th�s sect�on occurred �n s�tu �n these two l�mestone �ntervals.  
Two coral spec�es occurred �n l�v�ng pos�t�on �n the mudstone 
beds at the base of the sect�on: Actinastrea pseudominima 
(Koby, 1897), and Cyathophora micrommatos (Fel�x, 1891).  
The coralla of both of these spec�es are s�m�lar �n shape and 
s�ze, and both possess a mass�ve to ramose growth form.  The 
same bed also y�elded a large spec�es of the ostre�d b�valve 
Arctostrea Perv�nqu�ère, 1910 (see Perv�nqu�ère, 1910a, 
1910b).  Because the substrate probably was soft, unstable, 
and otherw�se barren except for the corals, �t �s poss�ble that 
th�s b�valve had l�ved as an ep�b�ont, attached to the corals 
(see Carter, 1968, p. 461).

Most of the strata above the basal foss�l�ferous mudstone 
hor�zon are composed of gray, med�um-bedded, moderately 
well sorted, med�um- and coarse-gra�ned volcan�clast�cs.  
Some small mass�ve coralla found scattered on the weathered 
slopes of the volcan�clast�cs may have been der�ved from 
these beds.  These coral spec�es appear to be the same as 
those that were found to the north �n the beds adjacent to 

the Arroyo Los Hornos.  Included �n th�s group of spec�es 
are: the cer�o�d �sastrae�d Isastrea whitneyi Wells, 1932; the 
meandro�d haplarae�d Meandrophyllia sauteri (Fel�x, 1891); 
the cer�o�d s�derastre�d Siderofungia irregularis Fel�x, 1891; 
and the thamnastero�d latomeandr�d Fungiastraea crespoi 
(Fel�x, 1891).  Although these coral spec�es ev�dently l�ved 
on soft substrates �n env�ronments w�th relat�vely h�gh rates 
of sed�mentat�on, they represent the most abundant mass�ve 
cer�o�d, meandro�d, and thamnastero�d growth forms 
collected from the Cumbur�nd�o Format�on.

The most foss�l�ferous l�mestone beds at the Loma de 
San Juan occur at the top of the h�ll, �n the upper part of the 
sect�on, and they appear to conformably overl�e the bedded 
volcan�clast�cs.  The ent�re foss�l�ferous �nterval �s about 
11.3 m th�ck and composed of three d�st�nct zones.  The 
lowermost un�t of these foss�l�ferous beds �s a 0.8 m th�ck 
packstone-rudstone bed composed of ner�ne�d gastropods 
and small colon�al corals.  Th�s bed �s overla�n by a tabular 
1.5 m th�ck rudstone bed w�th abundant valves of the rud�st 
Amphitriscoelus.  Some of the rud�sts are preserved w�th both 
valves jo�ned together, wh�ch suggests that the organ�sms were 
not transported pr�or to bur�al and that they actually had l�ved 
at th�s s�te.  As preserved, the geometr�c character�st�cs of the 
rud�st bed �nd�cate that the rud�sts d�d not protrude very far 
above the surface of the substrate and thus the rud�st growth 
dur�ng vert�cal accumulat�on of the depos�t was constratal and 
not suprastratal (see G�l� et al., 1993, 1995).  An extens�ve, 
coral-r�ch boundstone bed conformably overl�es the bed of 
Amphitriscoelus.  Th�s coral boundstone �s at least 9 m th�ck 
and �t conta�ns the most d�verse assemblage of corals found 
�n the Cumbur�nd�o Format�on.  The d�vers�ty, growth forms, 
d�str�but�on, and s�zes of the colon�al corals �n th�s un�t 
�nd�cate that the bed �s a coral reef.  Therefore, the observat�on 
that the base of the coral reef bed conformably overl�es the 
Amphitriscoelus rud�st bed supports the �nterpretat�on that 
some later Cretaceous coral to rud�st assemblage success�ons 
may have been env�ronmentally �nduced and not the result of 
compet�t�on for the same ecolog�c n�che (see G�l� et al., 1995; 
Filkorn, 2002b).  the strata at this locality are significant 
because they contain the first recognized occurrence of a 
rud�st- to coral-dom�nated assemblage success�on from the 
Lower Cretaceous strata of southwestern Mex�co.  Although 
the faunal success�on at the base of the un�t �s preserved, the 
upper bound�ng surface of the coral reef and �ts contact w�th 
any overly�ng un�t are not exposed at th�s local�ty because 
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the sect�on �s truncated by the present surface of eros�on.  
Therefore the actual or�g�nal th�ckness of the coral reef bed 
and the cause for the term�nat�on of reef growth are unknown.  
However, beds of volcan�clast�cs exposed near the base of 
the d�p slope on the eastern s�de of the Loma de San Juan 
suggest that the coral reef may have been bur�ed dur�ng a 
resurgence of local volcan�c act�v�ty.

The most d�verse coral fauna and the major�ty of coral 
spec�es known from the Cumbur�nd�o Format�on are from 
the coral reef hor�zon �n the upper part of the sect�on at the 
Loma de San Juan.  The coral fauna �s dom�nated by colon�al 
spec�es w�th mass�ve, ramose, or fol�aceous growth forms that 
typ�cally are closely spaced or d�rectly adjacent to each other.  
The largest corallum collected from th�s coral reef zone �s a 
mass�ve colony of the trocho�domeandr�d Rhipidomeandra 
bugrovae Morycowa and Masse, 1998, that �s about 24 - 26 
cm �n d�ameter and 13 cm �n he�ght.  The most abundant 
coralla are mass�ve and fol�aceous spec�es, most commonly 
members of the Fav��dae, �nclud�ng the hydnophoro�d 
Eohydnophora ovalis Masse and Morycowa, 1994, and the 
meandro�d Eugyra lanckoronensis (Morycowa, 1964).  Other 
commonly encountered spec�es are m�crosolen�ds, �nclud�ng 
large, pedunculate, plate-l�ke coralla of Polyphylloseris 
conophora (Fel�x, 1891) and smaller, mass�ve colon�es 
of Microsolena guttata Koby, 1897.  Small coralla of the 
mass�ve act�nac�d�d Actinaraea michoacanensis n. sp. and 
the ramose calamophyll��d Calamophyllia sandbergeri 
Fel�x, 1891, also are common �n the coral reef.  Three 
other spec�es from th�s coral reef are cons�dered to be rare 
because each �s represented by only one collected spec�men: 
the mass�ve, cer�o�d amph�astrae�d Amphiastrea aethiopica 
D�etr�ch, 1926; the fol�aceous heterocoen��d Latusastrea 
alveolaris (Goldfuss, 1829); and the mass�ve, meandro�d 
synastrae�d Felixastraea mexicana Reyeros, 1963.  The only 
sol�tary corals d�scovered �n the Cumbur�nd�o Format�on 
are relat�vely large spec�mens that are descr�bed as a new 
spec�es of rh�p�dogyr�d, Saltocyathus cumburindioensis n. 
sp.  Although �t �s a sol�tary coral, th�s rh�p�dogyr�d spec�es 
could have been zooxanthellate and �t �s large enough to have 
contr�buted to the development of the coral reef.

The coral spec�es that occur �n the arg�llaceous 
mudstone at the base of the sect�on at Loma de San Juan 
are d�fferent from those found h�gher �n the sect�on and �n 
the coral reef hor�zon.  Th�s faunal d�fference �s attr�buted to 
env�ronmental d�fferences, as ev�dent from the d�fferences 

�n the enclos�ng l�tholog�es.  The coral spec�es d�scovered �n 
the volcan�clast�c lower part of the sect�on at Loma de San 
Juan, some of wh�ch appear to be the same as those found 
�n the strata adjacent to the Arroyo Los Hornos to the north, 
are relat�vely m�nor components of the coral reef hor�zon.  
The l�tholog�cal ev�dence �nd�cates that the observed vert�cal 
faunal success�on was not the result of a b�olog�cally �nduced 
vert�cal faunal zonat�on.  Ev�dence of any lateral or vert�cal 
faunal zonat�on w�th�n the coral reef hor�zon was not 
d�scern�ble at th�s local�ty.

The most abundant coral spec�mens from the 
Cumbur�nd�o Format�on outcrops adjacent to the Arroyo 
Los Hornos and the western flank of the Loma de San Juan 
are small- to med�um-s�zed, encrust�ng or mass�ve forms 
wh�ch occur as �ndependent coralla scattered throughout the 
sect�on at d�fferent calcareous volcan�clast�c hor�zons.  These 
coralla often have an �nverted con�cal shape w�th a smoothly 
convex upper surface �n lateral v�ew, and a c�rcular outl�ne �n 
oral v�ew.  Th�s shape �nd�cates that the normal upward and 
outward rad�at�ng growth pattern of the colony was able to 
cont�nue w�thout be�ng affected by h�gh sed�mentat�on rates or 
�mp�ng�ng adjacent colon�es.  However, numerous examples 
of attachment and encrustat�on by organ�sms also occur and 
these �nd�cate that compet�t�on for hard calcareous substrates 
was probably intensified by the relatively small amount of 
area ava�lable for colon�zat�on.  Coral and mollusk ep�b�ont 
assoc�at�ons �nclude coral spec�es commonly encrusted on 
b�valves and gastropods, as well as other coral spec�es, and at 
least two other d�fferent spec�es of b�valves commensal w�th 
corals, one typ�cally found attached to the surfaces of coral 
colon�es and the other, poss�bly a spec�es of myt�l�d, found 
exclus�vely bored �nto coral skeletal mater�al (for examples 
of bor�ng commensal myt�l�ds, see Yonge, 1955; Goreau et 
al., 1969, 1970, 1972, 1976; Warme, 1977; Kleemann, 1980, 
1994a, 1994b; Savazz�, 1982).  Serpul�d tubes also occur 
on some of the coral surfaces.  Desp�te the large number 
of ep�b�ont occurrences and the great abundance of corals 
and other carbonate-generat�ng spec�es, the comb�nat�on 
of relat�vely deeper water, a pr�mar�ly soft substrate, and 
excess�ve sed�mentat�on rates ult�mately prevented the 
format�on of a well-developed coral reef fac�es �n most strata 
of the Cumbur�nd�o Format�on.

The s�ngle coral spec�es collected from the lower 
Aptian San Lucas Formation on the northeast flank of Loma 
La Cuch�lla, a h�ll just to the north of the v�llage of Los 
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Cuachalalates, M�choacán, �s only preserved as fragments 
�n a block of dendro�d coral packstone.  Most of the larger 
b�oclasts w�th�n the rock are fragmented branches of the 
cladophyll��d Cladophyllia stewartae Wells, 1944.  Th�s �s 
the only occurrence of C. stewartae known from the Huetamo 
area.  However, because the sample was not �n place, �t was 
�mposs�ble to determ�ne how th�s �nterest�ng bed was related 
to the surround�ng strat�graphy.

mal paso formation

The coral fauna from the upper Alb�an-lower Cenoman�an 
upper member of the Mal Paso Format�on at the stud�ed 
outcrop �n the state of Guerrero, about 0.75 km north of 
Chumbítaro, M�choacán (see F�gure 2), �s mostly composed 
of colonial species with reefal affinities.  Only two of the 
18 identified coral species are solitary, Epistreptophyllum 
sp. and Paracycloseris effrenatus n. sp., and only one of the 
colon�al spec�es, Blastozopsammia guerreroterion F�lkorn 
and Pantoja-Alor, 2004, may have been an azooxanthellate, 
nonreef- bu�ld�ng form.  The other 15 coral spec�es from 
the Mal Paso Format�on most l�kely were construct�onal 
zooxanthellate taxa, or reef-bu�ld�ng coral spec�es.

The strata of the upper member of the Mal Paso 
Format�on are pr�mar�ly composed of mar�ne l�mestones 
of lagoonal and reefal or�g�n, mostly wackestone, w�th 
some horizons of packstone, floatstone, rudstone, and 
framestone.  The strat�graph�c sect�on �s subd�v�ded on the 
bas�s of l�tholog�c and paleontolog�c character�st�cs and these 
�nformal un�ts are numbered from the base upward, MP 1 
through MP18.  The sequence of beds �n the upper member of 
the Mal Paso Format�on �n general record success�ve changes 
from shallow lagoonal and back-reef env�ronments to a coral 
reef env�ronment to a relat�vely deeper mar�ne env�ronment 
of depos�t�on.  Interpretat�ons of lateral fac�es relat�onsh�ps 
are based on the observed vert�cal sequence of the fac�es.  
B�oclast�cs �n the lower and m�ddle port�on of the sect�on 
typ�cally are b�oeroded, sparsely d�str�buted, unor�ented, and 
unsorted fragments of mollusks, dendro�d corals, and ech�no�d 
sp�nes.  The abundance and s�ze of b�oclasts generally �ncrease 
upward through the lower part of the sect�on.  Small, mass�ve 
colon�es of Ovalastrea malpaso n. sp. and Preverastraea sp. 
occur sporad�cally �n hor�zons MP 5 and MP 9 and abundant, 
recrystall�zed, fragmented branches of dendro�d coralla are 
common �n un�t MP 7.  Above these un�ts, a res�stant 4.4 m 

th�ck oyster-r�ch rudstone hor�zon, MP 8, del�neates a change 
from th�n- and med�um-bedded l�mestones to med�um- and 
th�ck-bedded l�mestones.  An �ncrease �n the abundance 
and d�vers�ty of mollusks and corals also occurs above th�s 
hor�zon and ech�no�d sp�nes are ub�qu�tous �n the carbonate 
matr�x.  Scattered mass�ve coral colon�es occur �n the next 
h�gher bed �n the sect�on, un�t MP 9, along w�th small, upr�ght 
clusters of the rud�st Radiolites cf. R. costata Scott, 1990, 
large spec�mens of the pect�n�d b�valve Pecten roemeri H�ll, 
1889, and ner�ne�d gastropods.  The only known spec�men of 
the phacelo�d montl�valt�d Thecosmilia guerreroensis n. sp. 
was collected from loose debr�s on the surface of un�t MP10, 
but the corallum may have been der�ved from the overly�ng 
beds, perhaps un�t MP11.  Above these beds, �n un�t MP12, 
valves of Mexicaprina alata F�lkorn, 2002a, occur w�th other 
mollusks about 10 m below the coral reef hor�zon (MP13), 
but corals were not found �n the same bed.

The coral reef of the Mal Paso Format�on, un�t MP13, 
has y�elded the most d�verse Alb�an-Cenoman�an coral fauna 
from the Huetamo reg�on, a total of 16 spec�es.  The major�ty 
of the corals �n th�s coral reef are colon�al spec�es: the only 
sol�tary form recogn�zed �s Epistreptophyllum sp.  Med�um- 
to large-s�zed mass�ve coralla are common �n th�s bed, but 
med�um to large-s�zed phacelo�d and ramose growth forms 
also occur.  The major�ty of the corals appear to have been 
preserved �n l�v�ng pos�t�on, w�th convex oral surfaces or�ented 
toward the top of the bed.  In�t�at�on of reef development �n 
the lowermost part of the coral reef hor�zon pr�mar�ly was 
ach�eved by colon�zat�on of molluscan substrates.

the most abundant, prolific, and conspicuous 
const�tuents of the coral fauna are large, mass�ve, ploco�d 
colon�es of the latomeandr�d Ovalastrea malpaso n. sp. and 
the rh�p�dogyr�ds Preverastraea coatlicuae n. sp. and P. 
tocae n. sp.  The coralla of the latter genus are the largest 
mass�ve colon�es found �n the Mal Paso Format�on.  Colon�es 
of the mass�ve to ramose, cer�o�d act�nastrae�d Actinastrea 
guadalupae (Roemer, 1849), some as large as 1 m �n d�ameter 
(�n weathered transverse sect�on), also are common �n the 
coral reef hor�zon.  However, most of the A. guadalupae 
coralla observed �n the Mal Paso Format�on typ�cally are 
small- to med�um-s�zed.  Members of the genus Actinastrea 
were �mportant �n the development of the reef commun�ty 
because they were among the first organisms to colonize new 
substrates and �n�t�ate reef growth (Scott, 1981, 1990).  Thus, 
they helped to stab�l�ze the substrate and prov�ded a base 
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for subsequent colon�zat�ons of other reef-bu�ld�ng coral 
spec�es.  The phacelo�d montl�valt�ds Latiphyllia mexicana 
n. sp. and Elasmophyllia tolmachoffana (Wells, 1932) also 
are common �n the coral reef hor�zon, as well as coralla of 
the mass�ve to ramose thamnaster��d Thalamocaeniopsis 
mexicanensis n. sp.  Based on field observations, the massive 
to ramose hydnophoro�d fav��d Eohydnophora picteti (Koby, 
1897) and the mass�ve ploco�d placocoen��d Columnocoenia 
ksiazkiewiczi Morycowa, 1964, also are fa�rly common.  
Most of the other coral spec�es collected from the coral 
reef hor�zon ev�dently are uncommon because they are 
represented by relat�vely few spec�mens.  These �nclude the 
meandro�d, pedunculate montl�valt�d Mycetophyllopsis azteca 
n. sp., the mass�ve meandro�d dendrogyr�d Orbignygyra? 
incognita n. sp., and the mass�ve thamnastero�d m�crosolen�d 
Dimorpharaea barcenai (Fel�x, 1891).  In add�t�on to the 
d�verse and abundant corals, the fauna of the coral reef also 
�ncludes Pecten roemeri H�ll, 1889, large ner�ne�ds, abundant 
Radiolites cf. R. costata Scott, 1990, some Mexicaprina alata 
F�lkorn, 2002a, and, �n the upper part of the coral reef hor�zon, 
mass�ve colon�es of the stromatoporo�d Actinostromaria sp.  
Pecten roemeri �s most abundant both �n and just below the 
coral reef zone, the same strat�graph�c �nterval that �ncludes 
the lowest occurrence of Mexicaprina alata.

The ent�re coral reef hor�zon (MP13) at th�s local�ty �s 
19 m th�ck.  Based on the lateral extent of bedd�ng surfaces 
w�th�n the coral reef and the weathered exposures of some of 
the mass�ve and ramose coral colon�es, the reef may have had 
a meter or more of rel�ef on �ts surface dur�ng �ts depos�t�on.  
The rock between the corals and other macrofoss�ls �n the 
coral reef horizon is an echinoid spine wackestone-floatstone 
w�th patchy packstone.  Th�s ech�no�d sp�ne wackestone 
�ntra-reef rock �nd�cates that the depos�t�onal env�ronment 
was fa�rly well c�rculated, yet overall wave energy was 
moderately low.  Desp�te the aston�sh�ng abundance of 
ech�no�d sp�nes �n the coral reef hor�zon, ech�no�d tests were 
not found here.  Mollusks from just below and w�th�n the 
coral reef hor�zon typ�cally exh�b�t the bor�ngs of sponges 
(see Bu�trón-Sánchez and Pantoja-Alor, 1994) and upper 
surfaces of corals and stromatoporo�ds frequently have 
bor�ngs of endol�th�c b�valves.

A lateral pattern of coral spec�es d�str�but�on, or 
b�ozonat�on, �s ev�dent w�th�n the vert�cal success�on of th�s 
coral-r�ch hor�zon and �s �nferred to have been �nduced by 
local�zed var�at�ons �n wave energy, water depth, and stage of 

colon�zat�on.  The �n�t�al stage of reef fac�es development was 
substrate colonization by an actinastraeid species identified as 
Actinastrea guadalupae (Roemer, 1849).  Reef development 
was further advanced by add�t�onal colon�zat�ons of other 
coral spec�es and cont�nued upward growth of mass�ve to 
ramose act�nastrae�ds.  The reef-core fac�es cons�sts of a 
taxonom�cally and morpholog�cally d�verse coral fauna.  
Growth forms commonly �nclude both mass�ve and ramose 
coralla.  The dom�nant reef-bu�ld�ng spec�es are mass�ve, 
ploco�d colon�es of the latomeandr�d Ovalastrea malpaso 
n. sp. and the rh�p�dogyr�ds Preverastraea coatlicuae n. sp. 
and P. tocae n. sp.  The phacelo�d montl�valt�ds Latiphyllia 
mexicana n. sp. and Elasmophyllia tolmachoffana (Wells, 
1932), and colon�es of the mass�ve to ramose thamnaster��d 
Thalamocaeniopsis mexicanensis n. sp. also contr�buted to 
reef development.  Mass�ve stromatoporo�ds, Actinostromaria 
sp., are present near the top of the coral reef un�t and therefore 
they probably occup�ed the seaward marg�n or fore-reef 
areas of the coral reef.  A generally s�m�lar pattern of coral 
b�ozonat�on has been descr�bed from the early Alb�an strata 
of the Mural L�mestone �n Ar�zona (Scott, 1981).  Although 
the coral reef fac�es of the Mal Paso Format�on �s well-
developed, �t may not have had a broad lateral extent because 
�ts outcrop can only be traced out for a short d�stance and 
laterally equ�valent fac�es toward the west and south are of 
deeper water or�g�n, whereas those from north are shallow 
lagoonal �n or�g�n.

Coralla from the upper member of the Mal Paso 
Format�on typ�cally are recrystall�zed to coarse-gra�ned 
calc�te and qu�te often the deta�ls of corall�te morphology 
and or�g�nal skeletal m�crostructure are ent�rely obl�terated.  
Generally the outermost reg�ons of the coralla are the best 
preserved port�ons and the degree of skeletal recrystall�zat�on 
�ncreases toward the�r centers.  Large, mass�ve coralla often 
conta�n d�ssolut�on cav�t�es or vugs wh�ch exh�b�t ev�dence of 
one major �nterval of d�ssolut�on and two subsequent phases 
of diagenetic mineral precipitation, the first one composed of 
dogtooth calc�te and the second composed of coarse celest�te.  
Collapse structures on the tops of some of these mass�ve 
coralla �nd�cate that the d�ssolut�on occurred after bur�al, but 
prior to compaction and lithification.

A 6.5 m th�ck Mexicaprina-rich floatstone bed (MP14) 
d�rectly overl�es the coral reef hor�zon; no corals were found 
�n th�s un�t and spec�mens of Mexicaprina were not found 
above th�s hor�zon.  Above the Mexicaprina-r�ch hor�zon, the 
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strata are th�n- to med�um-bedded and the relat�ve amount 
and th�ckness of �ntercalated arg�llaceous mudstone and 
wackestone �ncrease markedly wh�le foss�l content sharply 
decreases.  In add�t�onal contrast to the lower part of the 
sect�on, the b�oclasts �n the upper port�on of the sect�on are 
fine- to very fine-grained and well-sorted.  Farther up in 
the sect�on, just below a zone w�th abundant ech�no�ds, a 
1.2 m th�ck wackestone bed, MP17, y�elded relat�vely few 
spec�mens of s�x colon�al coral spec�es.  Four of the s�x 
spec�es, Thalamocaeniopsis mexicanensis n. sp., Latiphyllia 
mexicana n. sp., Elasmophyllia tolmachoffana (Wells, 1932), 
and Actinastrea guadalupae (Roemer, 1849), also occurred 
�n the coral reef hor�zon, whereas the other two have not been 
identified in the material collected from lower units.  One 
of the other two spec�es, the thamnaster��d Thamnasteria 
tonantzinae n. sp., �s represented by a s�ngle, large (> 30 cm), 
th�n-branched, ramose corallum found �n s�tu, whereas the 
other spec�es, the ramose, cer�o�d act�nastrae�d Actinastrea 
chumbitaroensis n. sp., �s represented by a few loose branch 
fragments.  Because spec�es of Actinastrea are cons�dered 
to have been members of a group of organ�sms wh�ch 
p�oneer or �n�t�ate colon�zat�on of substrates (Scott, 1981), 
somet�mes �n deeper water (Scott, 1990, p. 19), th�s hor�zon 
l�kely represents a short-l�ved pulse of �nc�p�ent substrate 
colon�zat�on that probably fa�led because env�ronmental 
cond�t�ons were unfavorable.  Nonetheless, un�t MP17 
conta�ned the h�ghest strat�graph�c occurrence of reef corals 
observed at th�s local�ty.

In add�t�on to the spec�es of Radiolites and Mexicaprina, 
two other rud�st taxa, Texicaprina sp. and Immanitas sp., 
also have been reported from the outcrops of the upper 
member of the Mal Paso Format�on just north of Chumbítaro 
(Pantoja-Alor, 1993c, p. 26-27).  Although the prec�se 
stratigraphic horizon of these species was not specifically 
noted, some weathered spec�mens of Texicaprina? sp. were 
observed weathered out on the surface of the beds that are 
strat�graph�cally above the coral reef hor�zon.

The zone of abundant ech�no�ds �s �n one of the more 
arg�llaceous mudstone hor�zons �n the upper part of un�t 
MP17.  Ech�no�d tests from th�s zone typ�cally are preserved 
whole, but the sp�nes are ne�ther attached to the tests nor 
preserved �n abundance w�th�n the same bed.  Th�s �s �n 
marked contrast to the �ntra-reef wackestone-packstone of 
the ma�n coral reef hor�zon (MP 13) where ech�no�d sp�nes 
are ub�qu�tous.  Th�s observat�on �nd�cates that the sp�nes 

were most l�kely separated from the tests �n a d�fferent, 
probably shallow-water, env�ronment and that the de-sp�ned, 
whole tests subsequently were transported by weak currents 
to their final depositional site in deeper water.  Fragments of 
Blastozopsammia guerreroterion, F�lkorn and Pantoja-Alor, 
2004, a th�n-branched, ramose, dendrophyll��d coral, also 
occurred �n the upper part of the sect�on.  Extant members of 
the Dendrophyll��dae typ�cally are azooxanthellate and they 
commonly occur �n deeper, non-reef, mar�ne env�ronments 
(Wells, 1956; Ca�rns, 2001).  The only other corals found 
above the zone of abundant ech�no�ds are abundant 
spec�mens of the cunnol�t�d Paracycloseris effrenatus n. sp. 
in unit MP18, a 1 m thick bed of fine-grained wackestone.  
Th�s spec�es has a th�n, sol�tary, cupolate corallum typ�cally 
less than 20 mm �n d�ameter, thus �t �s not a reef-bu�ld�ng 
coral.  The only l�kely azooxanthellate and ahermatyp�c coral 
spec�es, Blastozopsammia guerreroterion and Paracycloseris 
effrenatus n. sp., respect�vely, are from the strat�graph�cally 
h�ghest un�ts �n the sect�on.  Thus, the overall l�tholog�c, 
sed�mentolog�c, and paleontolog�c ev�dence suggests that the 
strata of the upper member of the Mal Paso Format�on at th�s 
local�ty represent a transgress�ve mar�ne sequence.

The fact that the coral reef �n the upper member of the 
Mal Paso Format�on appears to have been drowned ult�mately 
may help w�th reg�onal and global chronostrat�graph�c 
correlat�on.  The local event may correlate w�th the global sea 
level r�se and w�despread drown�ng of carbonate platforms 
and guyots that occurred dur�ng the latest Alb�an (Röhl and 
Ogg, 1996, 1998; Winterer, 1998), a drowning known as 
the late Alb�an Rotalipora appenninica-event (Grötsch and 
Flügel, 1992; Grötsch et al., 1993).  Further study �s needed 
to determ�ne �f such a correlat�on ex�sts.

skeletal GroWtH Bands

Skeletal growth bands or dens�ty bands, a cycl�c growth 
feature commonly observed �n many modern reef coral 
spec�es, are preserved �n some of the foss�l coralla from 
the Mal Paso Format�on.  Modern coral growth bands are 
mostly annual �n or�g�n and s�m�lar �n appearance to those 
found �n tree r�ngs, thus the study of skeletal band�ng �n 
corals has been termed sclerochronology (Hudson et al., 
1976).  The skeletal band�ng of corals typ�cally �s stud�ed 
by the x-rad�ography of th�n, long�tud�nal sl�ces of coralla, 
but d�fferent�al weather�ng of foss�l mater�al also can 



INStItUtO De GeOLOGíA, UNAM, BOLetíN 116                   FIlkOrN ANd PANTOjA AlOr134

reveal skeletal bands (Weber and Wh�te, 1977).  Each 
annual cycle of skeletal growth �s compr�sed of a layer of 
relat�vely lower dens�ty mater�al followed by a layer of 
h�gher dens�ty mater�al (Hudson et al., 1976).  The layers 
of max�mum skeletal dens�ty, wh�ch frequently are also 
the th�nner bands, have been correlated to per�ods of above 
average water temperature (Weber et al., 1975; Hudson et 
al., 1976; Fa�rbanks and Dodge, 1979).  Thus, regardless 
of the reef local�ty, the h�gher dens�ty bands are formed 
dur�ng the t�mes of seasonal h�gh temperatures (Fa�rbanks 
and Dodge, 1979).  However, no annual dens�ty bands have 
been recogn�zed �n Car�bbean spec�mens of the mass�ve, 
zooxanthellate reef corals Montastrea cavernosa and M. 
annular�s that were collected from below 18 m depth, even 
though coralla of these same spec�es from shallower hab�tats 
exh�b�ted well-developed annual bands (Weber and Wh�te, 
1977).  Th�s observat�on �nd�cates that development of 
skeletal dens�ty band�ng may be at least partly moderated by 
a factor influenced by depth, perhaps photosynthesis.  Some 
azooxanthellate, deep-water corals reportedly have very th�n 
(< 10 m�crons), weakly-developed growth bands, but the 
cause of the supposed band�ng and the t�me represented by 
each band are unknown (Laz�er et al., 1999); they may be the 
result of d�fferent�al growth and thus not ent�rely analogous 
to the dens�ty bands of shallow-water reef corals.  In general, 
the growth bands of coral skeletons conta�n a record of 

many env�ronmental parameters that can be ut�l�zed to study 
both local and reg�onal paleocl�mat�c cond�t�ons and both 
short- and long-term cl�mat�c var�ab�l�ty (for examples see 
Fa�rbanks and Dodge, 1978, 1979; Em�l�an� et al., 1978; 
Carr�qu�ry et al., 1994; Swart et al., 1996; Tudhope et al., 
1996; Adk�ns et al., 1998).  Growth bands also have been 
identified in Mesozoic fossil scleractinians, including both 
branched and mass�ve spec�es from the Jurass�c of Europe 
(Al�, 1984; Ge�ster, 1995; Insalco, 1995).

Growth bands have been recogn�zed �n parts of some 
coralla of the reef-bu�ld�ng spec�es Ovalastrea malpaso n. sp.  
These growth bands, as stud�ed �n long�tud�nal th�n sect�on, 
are composed of a relat�vely th�ck, opt�cally l�ghter layer 
about 1.6-3.5 mm �n th�ckness and a relat�vely th�n, opt�cally 
darker layer about 0.2-0.4 mm �n th�ckness (see F�gure 45.4, 
45.6).  Thus, �f the growth bands are annual �n or�g�n, then 
the rate of growth for th�s part�cular corallum ranged from 
about 1.8 to 3.9 mm per year.  The top and upper lateral 
surfaces of the corallum had the relat�vely h�gher rates of 
growth, whereas the lower lateral surfaces had the relat�vely 
lower rates.  Thus, the max�mum annual growth rate for th�s 
m�ddle Cretaceous coral was about the same as that of other 
extant Car�bbean coral spec�es w�th mass�ve growth forms 
(for example see Weber and Wh�te, 1977).  Based on th�s 
�n�t�al analys�s, future stud�es of add�t�onal spec�mens from 
the Cretaceous of Mex�co are warranted.
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introdUction

Coral b�ogeography has been an �nterest�ng top�c of 
�nvest�gat�on and d�scuss�on for more than a century.  The 
observat�ons of coral reef spec�es, some seem�ngly �dent�cal, 
at local�t�es frequently separated by broad expanses of open 
ocean have prov�ded essent�al ev�dence for the formulat�on 
of modern b�ogeograph�cal theor�es.  Furthermore, reef corals 
are excellent subjects for paleob�ogeograph�c �nvest�gat�ons 
because they only thr�ve w�th�n a relat�vely l�m�ted range 
of ecolog�cal cond�t�ons and because most spec�es typ�cally 
are colon�al, attached, shallow-water, benthon�c organ�sms 
w�th a h�gh probab�l�ty of preservat�on �n the foss�l record 
(see Gr�gg and Hey, 1992).  These �ntr�ns�c character�st�cs 
therefore �nd�cate that foss�l reef corals typ�cally are found 
where they l�ved (except for tecton�c d�splacement) and that 
the proper env�ronment must have obta�ned at that part�cular 
s�te for at least as long as the durat�on of the�r growth.  In 
add�t�on, models of preservat�onal b�ases suggest that the 
overall foss�l record of scleract�n�an corals �s l�kely an 
accurate representat�on of the�r evolut�on (Lasker, 1978).

Several b�ogeograph�c theor�es or methods have 
been proposed to account for the observed d�str�but�ons of 
organ�sms.  Most of these b�ogeograph�c �deas have been 
der�ved from or at one t�me appl�ed to d�str�but�ons of 
benthon�c shallow mar�ne organ�sms such as reef corals.  
The most notable of these concepts w�th regard to coral 
b�ogeography and paleob�ogeography are: Darw�n’s centers-
of-or�g�n b�ogeography; panb�ogeography; v�car�ance 
b�ogeography; d�spers�on b�ogeography; and ecolog�cal 
b�ogeography (Veron, 1995).

Darw�n’s centers-of-or�g�n b�ogeograph�c theory 
(the center-of-d�vers�ty of Stehl� and Wells, 1971; Br�ggs, 
1987) �s no longer cons�dered a val�d explanat�on for coral 
b�ogeography because �t �s not cons�stent w�th plate tecton�cs 
and modern data on the d�str�but�ons of coral spec�es �n the 
Indo-Pacific (Pandolfi, 1992; Veron, 1995).  In principle, 
centers-of-or�g�n spec�es or�g�nat�ons are by sympatr�c 
spec�at�on and d�spers�on occurs after the spec�at�on 
event.  Although centers-of-or�g�n �nvest�gat�ons have not 
expla�ned coral b�ogeograph�c d�str�but�ons, the analyses 
have y�elded �mportant observat�ons related to modern 
centers-of-d�vers�ty that nonetheless rema�n val�d.  For 

example, areas of high coral diversity in the Indo-Pacific, 
the Caribbean, and the western Indian Ocean (the latter 
only weakly delineated; see Ortmann, 1892; Boshoff, 1981; 
Carbone et al., 1994; Veron, 1995; R�egl, 1996) are located 
�n the trop�cal western reg�ons of ocean bas�ns.  Among the 
general trends �n d�vers�ty that have been recogn�zed are: 
lat�tud�nal and long�tud�nal decreases �n d�vers�ty away from 
centers-of-d�vers�ty; lat�tud�nal d�vers�ty decrease correlates 
w�th decrease �n ocean surface temperature; and reg�ons 
w�th the h�ghest gener�c d�vers�ty (centers-of-d�vers�ty) also 
exh�b�t young gener�c ages (Stehl� and Wells, 1971; Veron, 
1995).  Currently these modern centers-of-d�vers�ty are 
best expla�ned by the Vortex model of coral b�ogeography 
(Jok�el and Mart�nell�, 1992).  In th�s scenar�o, spec�es are 
transported by d�spersal on surface currents �nto the reg�ons 
of h�gh d�vers�ty from surround�ng, �solated per�pheral areas.  
Th�s model allows for the poss�b�l�t�es of both sympatr�c and 
allopatr�c spec�at�ons and the subsequent d�spersal of spec�es 
from centers of high diversity.  A modified version of this 
model can be used to expla�n the observed d�str�but�ons of 
Cretaceous zooxanthellate coral spec�es.  Th�s �dea, termed 
the Dynam�c Conveyor model, �s outl�ned �n the summary 
part of th�s sect�on.

Panb�ogeography, as conceptual�zed and promoted 
by L. Cro�zat (1982) and d�scussed by others (Craw, 1982; 
Craw and Weston, 1984; Seberg, 1986; Page, 1987, 1988), 
has been cons�dered to be more relevant to the b�ota of 
terrestr�al env�ronments than to the b�ota of the mar�ne 
realm (Veron, 1995).  The method �nvolves plott�ng l�nes 
between the map locat�ons of d�sjunct populat�ons of certa�n 
organ�sms, thus connect�ng the two geograph�c areas w�th 
so-called “tracks”.  An overlap or co�nc�dent path of several 
of these types of tracks from d�fferent spec�es produces 
what has been termed a “general�zed track”.  Upon further 
plott�ng and analys�s of the b�olog�c relat�ons between other 
reg�ons, these general�zed tracks may eventually cross w�th 
other general�zed tracks, the �ntersect�ons of wh�ch are 
called “nodes”.  These nodes are the supposed po�nts of 
or�g�n for the analyzed taxa.  Appl�cat�on of th�s method of 
b�ogeograph�c analys�s to corals and other mar�ne spec�es �s 
h�ndered by factors such as a good foss�l record, d�spersal 
over long d�stances, changes �n ocean currents, and changes 
�n sea level (Veron, 1995).

paleobiogeography
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V�car�ance b�ogeography as a theory (Cro�zat et al., 
1974; Sober, 1988; W�ley, 1988a, 1988b) necess�tates that 
part of the geograph�c range of an ancestral spec�es �s later 
�nhab�ted by a descendant spec�es follow�ng reproduct�ve 
�solat�on from the ancestral populat�on by the format�on of 
a barr�er.  No d�spers�on occurs e�ther before or dur�ng v�-
car�ant spec�at�ons.  In effect, the barr�er el�m�nates genet�c 
transfer between the two populat�ons and allows for the pos-
s�b�l�ty of allopatr�c spec�at�on �n one or both areas of the 
ancestral populat�on.  Changes �n ocean surface currents can 
result �n the separat�on of populat�ons of the same coral spe-
c�es and lead to v�car�ant spec�at�on events.  Thus, v�car�ant 
b�ogeography �s d�rectly appl�cable to coral b�ogeography.  
However, the �mportance of v�car�ance �n coral b�ogeography 
�s far outwe�ghed by the process of d�spers�on (Veron, 1995).  
Nonetheless, per�ods of spec�es or�g�nat�on are d�st�nct from 
per�ods of spec�es d�spersal.  In coral b�ogeography, as a con-
trast to v�car�ance, s�tes of spec�es or�g�n cannot be correlated 
w�th or restr�cted to s�tes of occurrence (Veron, 1995).

D�spers�on b�ogeography �s s�m�lar to v�car�ance 
b�ogeography �n that a barr�er separates two populat�ons 
and thus any result�ng or�g�nat�on �s by allopatr�c spec�at�on.  
However, the pr�nc�ples that pr�mar�ly d�st�ngu�sh d�spers�on 
b�ogeography from v�car�ance b�ogeography are that 
d�spers�on must occur across a pre-ex�st�ng barr�er �n the 
former scenar�o, whereas �t must not occur �n the latter 
(Cracraft, 1984).  Several types of potent�al barr�ers have 
been recogn�zed �n the mar�ne realm and each has an effect 
on the degree of reproduct�ve �solat�on of a d�spersed (or 
founder) populat�on (Palumb�, 1994).  However, because 
most corals possess the ab�l�ty to d�sperse over long d�stances, 
�ntergradat�ons of d�spers�on and v�car�ance may occur.  As 
noted above, the process of d�spers�on �s extremely �mportant 
�n scleract�n�an corals (Veron, 1995).  Furthermore, based 
both on paleontolog�c (Flem�ng, 1967) and modern b�olog�c 
investigations (Grigg et al., 1981; Grigg, 1981; Pandolfi, 
1992), marine dispersion seems to have been a significant 
means of establ�sh�ng new �nvertebrate populat�ons �n 
relat�vely d�stant and prev�ously �solated reg�ons �n the 
geolog�c past as well as �n modern hab�tats.

 Ecolog�cal b�ogeography, the study of the geograph�c 
d�str�but�on of hab�tats, represents an attempt to expla�n the 
b�ogeograph�c d�str�but�ons of organ�sms by exam�n�ng the 
phys�cal cond�t�ons and b�olog�cal relat�onsh�ps w�th�n the 
env�ronments that they �nhab�t.  Thus, the explanat�on for the 

observed d�str�but�on essent�ally �s based on ecolog�cal factors.  
Th�s concept arose from the �dea that some character�st�cs of 
large-scale or reg�onal env�ronments may enhance or l�m�t 
b�ogeograph�c d�str�but�ons.  For example, zooxanthellate reef 
corals themselves are a group of organisms that is defined by 
eco-phys�olog�cal cr�ter�a.  Th�s concept, that b�ogeography 
can be correlated to an ecosystem, has much significance 
w�th regard to Cretaceous benthon�c mar�ne faunas of the 
Tethys Sea (Masse, 1992).  Thus, the class�cal Tethys also 
can be defined and identified by the geographic extent of its 
b�olog�cal components.  For the Early Cretaceous Tethyan 
trop�cal �nfral�ttoral env�ronments (carbonate platforms and 
reefs), the character�st�c taxa pr�mar�ly are rud�st b�valves, 
d�ctyocon�d foram�n�fera, and dasycladacean calcareous algae 
(Masse, 1992).  Other fossil groups, including orbitolinids 
and other larger foram�n�fera, scleract�n�an corals, and 
stromatoporo�ds, also are �mportant ecolog�cal markers, but 
they can range �nto surround�ng c�rcal�ttoral env�ronments.  
Other commonly encountered Cretaceous fossils such as 
ammon�tes, other benthon�c foram�n�fera, brach�opods, 
other b�valves, gastropods, ech�no�ds, and ostracodes also 
occur, but the ecolog�c ranges of these groups extend beyond 
the l�m�ts of warm, shallow, trop�cal mar�ne env�ronments 
(Masse, 1992).

The plankton�c larval stage �s the most commonly c�ted 
method of coral spec�es d�spersal (Rosen, 1988; Gr�gg and 
Hey, 1992; Veron, 1995, p. 87; Veron, 2000).  Most (about 75 
percent) extant zooxanthellate corals are hermaphrod�t�c.  In 
add�t�on, most (also about 75 percent) extant zooxanthellate 
corals sexually reproduce by spawn�ng large numbers of eggs 
and sperm for external fert�l�zat�on.  Alternat�vely, �nternal 
fert�l�zat�on also may occur �n some corals and the result�ng 
planulae brooded for some t�me before be�ng released �nto 
the ocean.  Both of these modes of reproduct�on also can 
occur w�th�n the same spec�es at d�fferent t�mes or �n separate 
geograph�c locat�ons (Veron, 2000).  The d�fferent modes 
of reproduct�on may have had some effect on surv�vorsh�p 
dur�ng reg�onal env�ronmental perturbat�ons and ext�rpat�ons, 
but among coral genera both types exh�b�t about the same 
geograph�c ranges (Ed�nger and R�sk, 1995).  Regardless 
of the actual mode of sexual reproduct�on, some planulae, 
wh�ch are also zooxanthellate, can ex�st adr�ft �n surface 
currents for months before they finally settle and attach to 
the substrate (Veron, 2000).  Although the plankton�c larval 
stage occurs �n most coral spec�es, over long d�stances th�s 
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type of d�spersal may have been coupled w�th other feas�ble 
permutat�ons �nclud�ng �sland-hopp�ng (or stepp�ng-stones; 
Mac Arthur and W�lson, 1967; W�lson and Kaufmann, 1987; 
Gr�gg and Hey, 1992) and raft�ng (Fe�lden, 1893; Jok�el, 
1990; Veron, 1995; and references there�n).

Raft�ng, the process of transportat�on of coral or other 
biota along with a floating object, may be more common 
than prev�ously thought (Jok�el, 1990; and references 
there�n).  Recent stud�es have shown that some colon�al 
coral species can colonize oceanic flotsam such as logs and 
pum�ce fragments and thus extend the�r geograph�c ranges 
beyond the v�able l�m�t of the�r larval stages.  Rafted corals 
depos�ted al�ve �n other reef hab�tats can colon�ze the newly 
reached areas and establ�sh local populat�ons.  In add�t�on, �f 
the env�ronment rema�ns favorable, rafted corals can surv�ve 
afloat for extended intervals of time (several years), grow to 
matur�ty, and eventually reproduce.  In the latter case, the 
rafted coral colony �tself can become a source of plankton�c 
larvae that also can d�sperse and colon�ze new areas (Jok�el, 
1990).  Furthermore, th�s type of one-way �nterm�ttent 
connect�on between w�dely separated reef hab�tats 
undoubtedly resulted �n the establ�shment of geograph�cally 
per�pheral, down-current populat�ons of certa�n coral spec�es.  
If the �n�t�al colon�zat�on of the d�stal populat�on was due 
to some unusual or uncommon c�rcumstance (cl�mat�c or 
oceanograph�c perturbat�on; volcan�c erupt�on) and the 
newer populat�on rema�ns genet�cally �solated from the 
ancestral, up-current populat�on, then the poss�b�l�ty ex�sts 
for subsequent allopatr�c spec�at�on.

The common theme to all of these b�ogeograph�c 
concepts and modes of d�spersal w�th regard to zooxanthellate 
corals �s that they requ�re an ocean�c surface current to serve 
as the means of transport between su�table shallow-water 
hab�tats.  W�thout th�s surface current connect�on, colon�zat�on 
and development of new coral reefs cannot occur.  Thus, 
the ult�mate control on coral spec�es d�str�but�on �s ocean�c 
surface c�rculat�on (see Veron, 1995, 2000).

paleoBioGeoGrapHy of tHe cretaceoUs corals of tHe 
HUetamo reGion

The ent�re known geolog�c and geograph�c ranges of 
each coral spec�es descr�bed �n th�s study are ut�l�zed �n 
the follow�ng paleob�ogeograph�c analys�s (F�gure 47).  
The spec�es d�str�but�ons have been comp�led from the 

occurrence sect�ons g�ven for each of the spec�es descr�bed �n 
the sect�on on systemat�c paleontology.  Thus, the complete 
known paleob�ogeograph�c h�story of each coral spec�es, 
including both first and last occurrences, has been considered 
�n the analys�s. Pre-ex�st�ng, pre-Cretaceous b�ogeograph�c 
d�str�but�ons are not a major factor �n the paleob�ogeograph�c 
d�str�but�ons of these coral spec�es because only one of the 
spec�es has been reported from pre-Cretaceous rocks (one 
Late Jurass�c occurrence).

The plate reconstruct�ons that are used for the base 
maps �n th�s sect�on (from Sm�th et al., 1994) have been 
selected because they are fa�rly recent comp�lat�ons and 
because they show the paleocoastl�nes clearly.  The relat�ve 
pos�t�ons of the major cont�nental landmasses shown on these 
maps, part�cularly for the reg�ons of Mex�co and Europe, are 
approx�mately the same as those dep�cted on most of the 
other reconstruct�ons that were rev�ewed, �nclud�ng those by 
Barron et al. (1981), Scotese et al. (1988), Funnell (1990), 
W�lson et al. (1991; western North Amer�ca), and Hay et al. 
(1999).  Adm�ttedly, the geolog�c h�stor�es of geograph�c 
regions have an influence on the biogeographic distributions 
of organ�sms (see Rosen, 1985).  However, the changes �n the 
relat�ve pos�t�ons of the ma�n geograph�c reg�ons �n relat�on 
to the pos�t�on of Mex�co dur�ng the t�me �nterval of pr�mary 
�nterest, Apt�an through Alb�an (about 22 m�ll�on years), are 
cons�dered to be less of a factor �n determ�n�ng coral spec�es 
distributions than that of the influence of changes in surface 
current c�rculat�on patterns dur�ng that same t�me �nterval.

The Cretaceous corals of southwestern Mex�co 
are �mportant w�th regard to global and reg�onal 
paleoceanograph�c and paleob�ogeograph�c �nterpretat�ons 
because southern cont�nental Mex�co was centrally pos�t�oned 
�n the trop�cal western Tethyan reg�on dur�ng the Early and 
m�ddle Cretaceous.  Therefore, when ut�l�zed as a proxy 
for surface currents, the b�ogeograph�c d�str�but�ons of the 
Cretaceous coral spec�es from the Huetamo reg�on are key 
indicators of tethyan surface current flow patterns (Filkorn, 
2002c) between the European eastern realm and the trop�cal 
Car�bbean western realm dur�ng the Early Cretaceous (F�g. 
48).  Furthermore, changes �n the geograph�c ranges of some 
coral spec�es over certa�n t�me �ntervals serve as �nd�cators 
of changes �n surface current c�rculat�on patterns w�th�n the 
trop�cal western Tethys Sea (F�gures 49, 50).  These aspects of 
Mex�can Cretaceous coral paleob�ogeography are d�scussed 
�n deta�l below.  Reg�onal and global compar�sons of the 
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Cretaceous coral species identified from the Huetamo region 
also fac�l�tate reconstruct�ons of the paleob�ogeograph�c 
h�stor�es and evolut�on of the corals.

loWer aptian corals from tHe HUetamo reGion

N�neteen (or about 90 percent) of the 21 coral spec�es from the 
lower Apt�an strata of the Huetamo reg�on have been reported 
prev�ously from other reg�ons of the globe.  The temporal and 
spatial distributions of the coral species identified from the 
Huetamo reg�on are charted �n F�gure 47.  Th�s chart �ncludes 
the 21 spec�es from the lower Apt�an as well as the 18 spec�es 
from the upper Albian-lower Cenomanian.  Only two (or 
about 10 percent) of the 21 spec�es from the lower Apt�an 
are known only from the Huetamo reg�on: Saltocyathus 
cumburindioensis n. sp. and Thamnarea hornosensis n. sp.  
The only other occurrence of a spec�es of Saltocyathus �s �n 
the lower Apt�an of France (S. urgonensis Morycowa and 
Masse, 1998; further d�scussed below), whereas Thamnarea 
hornosensis n. sp. has affinities with T. holmoides Fel�x, 
1891, a spec�es from the Neocom�an of the Tehuacán reg�on, 
state of Puebla.

E�ght (or about 38 percent) of the 21 coral spec�es from 
the lower Apt�an of the Huetamo reg�on also are known from 
southeastern Mex�co, �nclud�ng the Barrem�an or Apt�an of the 
Tehuacán reg�on, a local�ty about 360 km to the east �n the 
state of Puebla.  Furthermore, four (or 50 percent) of the e�ght 
spec�es common to both of these reg�ons are not known from 
any other local�t�es.  Thus, these four spec�es, Cyathophora 
micrommatos (Fel�x, 1891), Meandrophyllia sauteri (Fel�x, 
1891), Polyphylloseris conophora (Fel�x, 1891), and 
Felixastraea mexicana Reyeros, 1963, are cons�dered to be 
endem�c to southern Mex�co.  The rema�n�ng four spec�es 
that are common to both reg�ons are, �n vary�ng degrees, more 
broadly distributed.  One of these four species, Latusastrea 
alveolaris (Goldfuss, 1829), �s otherw�se known only from the 
Upper Jurass�c of Europe.  Thus, the reports of th�s spec�es 
from southern Mex�co are �ts only known Early Cretaceous 
occurrences and the only known occurrences �n the New 
World.  The later, western occurrences of th�s spec�es �n the 
Cretaceous of Mex�co �nd�cate that �t cont�nued to ex�st �n 
the western Tethyan realm, poss�bly �n a coral reef refug�um, 
after it had been extirpated in the eastern tethyan realm.  Of 
the rema�n�ng three spec�es, both Calamophyllia sandbergeri 

F�gure 47.  Chart of spat�al and temporal d�str�but�ons (paleob�ogeograph�c d�str�but�ons) of the coral spec�es from the Huetamo reg�on descr�bed �n th�s 
study.  Ages of occurrences �n each geograph�c reg�on are represented by a system of letters and numbers as noted �n the follow�ng key.

Ages of occurrences:
Cretaceous (note: Maastr�cht�an, Campan�an, and Santon�an are not used �n the chart)
8 = Con�ac�an
7 = Turon�an
6 = Cenoman�an
5 = Alb�an
4 = Apt�an
3 = Barrem�an
2 = Hauter�v�an
1 = Valang�n�an
0 = Berr�as�an
Jurass�c
J= Jurass�c
Supplementary �nformat�on on ages and occurrences:
U = prefix on age to indicate upper
M = prefix on age to indicate middle
L = prefix on age to indicate lower
? = �f before age, the occurrence �s quest�onable;
      �f after the age, the age �tself �s quest�onable
* = occurrence of same genus, but d�fferent spec�es
- = age of occurrence spans the g�ven t�me �ntervals;
      for example, 4-5 means Apt�an through Alb�an
/ = age of occurrence �s e�ther one age or the other;
      for example, 3/4 means Barrem�an or Apt�an
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Spec�es from Huetamo reg�on

Geograph�c d�str�but�on of spec�es and ages of occurrences
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Actinastrea guadalupae (Roemer, 1849) U5/L6 M5-U5
Actinastrea chumbitaroensis n. sp. U5/L6
Preverastraea coatlicuae n. sp. U5/L6
Preverastraea tocae n. sp. U5/L6
Latiphyllia mexicana n. sp. U5/L6
Thecosmilia guerreroensis n. sp. U5/L6
Elasmophyllia tolmachoffana (Wells, 1932) U5/L6
Mycetophyllopsis azteca n. sp. U5/L6 ? L5 U4/L5
Eohydnophora picteti (Koby, 1897) U5/L6 5 L5-5 L3-4 4/5
Columnocoenia ksiazkiewiczi 
Morycowa, 1964 U5/L6 U3/L4, 

M5 2/3 1-6 3/4

Orbignygyra? incognita n. sp. U5/L6
Blastozopsammia guerreroterion U5/L6
Epistreptophyllum sp. U5/L6
Thalamocaeniopsis mexicanensis n. sp. U5/L6 4*
Thamnasteria tonantzinae n. sp. U5/L6
Paracycloseris effrenatus n. sp. U5/L6
Ovalastrea malpaso n. sp. U5/L6
Dimorpharaea barcenai (Fel�x, 1891) U5/L6 L3/U4 L5 2-4

Amphiastraea aethiopica D�etr�ch, 1926 L4 U3/L4, 
U4/M5 2-4, 6 3/4

Latusastrea alveolaris (Goldfuss, 1829) L4 L3/U4 UJ

Actinastrea pseudominima (Koby, 1897) L4 0/3 1-4,
6-L7

5 , 
6? L3 2 -

3/4
Cladophyllia stewartae Wells, 1944 L4 4
Cyathophora haysensis Wells, 1932 L4 M5 L5 4
Cyathophora micrommatos (Fel�x, 1891) L4 L3/U4
Stylina regularis Fromentel, 1862 L4 L3-4 ?
Saltocyathus cumburindioensis n. sp. L4 L4*
Rhipidomeandra bugrovae Morycowa and
Masse, 1998   L4 U3-L4 U3

Isastrea whitneyi Wells, 1932 L4 4/M5 U4-L5 3
Eohydnophora ovalis Masse and
Morycowa, 1994 L4 L4

Eugyra lanckoronensis (Morycowa, 1964) L4 L3-5 ?5
Actinaraea michoacanensis n. sp. L4 4
Thamnarea hornosensis n. sp. L4
Calamophyllia sandbergeri Fel�x, 1891 L4 L3/U4 L5 4
Meandrophyllia sauteri (Fel�x, 1891) L4 L3/U4
Siderofungia irregularis Fel�x, 1891 L4 L3/U4 U4-L5 U4-L5 2-4

Fungiastraea crespoi (Fel�x, 1891) L4 L3/U4 M5 4
L 4 - 4 , 
L6,
U7-L8

Microsolena guttata Koby, 1897 L4 3-4
Polyphylloseris conophora (Fel�x, 1891) L4 L3/U4
Felixastraea mexicana Reyeros Navarro, 1963 L4 4
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Fel�x, 1891, and Fungiastraea crespoi (Fel�x, 1891) have been 
reported from the Apt�an of northern South Amer�ca (Tr�n�dad; 
and Venezuela for the former spec�es) and the Alb�an of the 
northwestern Mex�co-southwestern US reg�on.  The latter 
spec�es also �s known from the Lower Cretaceous (Apt�an) 
and Upper Cretaceous (Cenoman�an-Con�ac�an) of Europe.  
The rema�n�ng spec�es, Siderofungia irregularis Fel�x, 
1891, �s known from the upper Apt�an or lower Alb�an of 
Venezuela, the upper Apt�an to lower Alb�an of Texas, and the 
Hauter�v�an to Apt�an of Europe.  Based on these d�str�but�ons, 
Calamophyllia sandbergeri Fel�x, 1891, �s endem�c to the 
western Tethyan reg�on and both Fungiastraea crespoi (Fel�x, 
1891) and Siderofungia irregularis Fel�x, 1891, or�g�nated �n 
Europe and subsequently d�spersed to the Amer�cas.

Seven (or about 33 percent) of the 21 coral spec�es 
from the lower Apt�an of the Huetamo reg�on also are 
known from local�t�es along the northern marg�n of South 
America, specifically in Venezuela and trinidad.  Included 
�n these seven spec�es are the three d�scussed �mmed�ately 
above.  Of the other four of the seven species, two are 
known only from the Huetamo reg�on and the Apt�an of 
northeastern Venezuela: Cladophyllia stewartae Wells, 
1944, and Actinaraea michoacanensis n. sp.  The rema�n�ng 
two spec�es, Cyathophora haysensis Wells, 1932, and 
Isastrea whitneyi Wells, 1932, exh�b�t a somewhat 
parallel d�str�but�on both temporally and spat�ally: earl�er 
occurrences are �n the southern part of the�r geograph�c 
ranges, whereas later occurrences are �n the northern part of 
the�r ranges.  For example, �n add�t�on to Apt�an occurrences 
�n Venezuela and the state of M�choacán, C. haysensis has 
been reported from the lower Alb�an of Texas and the m�ddle 
Alb�an of the state of Sonora.  S�m�larly, I. whitneyi occurs 
earl�er �n the south, the Barrem�an of Venezuela and the 
lower Apt�an of the Huetamo reg�on, whereas the northern 
occurrences �n the Apt�an and lower Alb�an of the state of 
Coahu�la, the lower Alb�an of Texas, and the Alb�an of Baja 
Cal�forn�a, are mostly relat�vely later.  The d�str�but�ons 
of Calamophyllia sandbergeri Fel�x, 1891, Fungiastraea 
crespoi (Fel�x, 1891), and Siderofungia irregularis Fel�x, 
1891, the other three spec�es common to both the Huetamo 
reg�on and the northern part of South Amer�ca, also d�splay 
the same bas�c trend, at least for the occurrences �n the 
Western Hem�sphere.  Both Calamophyllia sandbergeri and 
Fungiastraea crespoi have earl�er occurrences �n the Apt�an 
of southern Mex�co and northern South Amer�ca (Tr�n�dad; 

and Venezuela for the former spec�es) and later occurrences 
�n the Alb�an of the northwestern Mex�co-southwestern US 
reg�on.  The spat�al d�str�but�on of Siderofungia irregularis 
also �s s�m�lar, but the temporal trend �s not as d�st�nct because 
the ages of the occurrences reported from these reg�ons are 
not all prec�sely known.  Nonetheless, S. irregularis has 
been reported from the upper Apt�an or lower Alb�an of 
Venezuela and the upper Apt�an to lower Alb�an of Texas 
(�n add�t�on to �ts occurrences �n the Hauter�v�an to Apt�an 
of Europe).  Thus, the paleob�ogeograph�c d�str�but�ons 
of these five species in the Western Hemisphere reveal a 
general trend: the earl�er occurrences are more to the south 
and east, whereas the later occurrences are relat�vely more 
to the north and west.

F�ve (or about 24 percent) of the 21 coral spec�es from 
the lower Apt�an of the Huetamo reg�on also have been 
reported from the northwestern Mex�co-southwestern US 
region.  these five species include four whose distributions 
are d�scussed above: Cyathophora haysensis Wells, 1932, 
Isastrea whitneyi Wells, 1932, Calamophyllia sandbergeri 
Fel�x, 1891, and Fungiastraea crespoi (Fel�x, 1891).  The 
fifth species common to both of these regions, Amphiastrea 
aethiopica D�etr�ch, 1926, has a fa�rly broad temporal and 
spat�al d�str�but�on.  In Mex�co, th�s spec�es occurs �n the 
lower Apt�an of the Huetamo reg�on and the upper Barrem�an 
or lower Apt�an and the upper Apt�an or m�ddle Alb�an of 
the state of Sonora.  However, both the earl�est and latest 
occurrences of th�s spec�es are from Europe where �t ranges 
from the Hauter�v�an to Apt�an; �t also has been reported 
from the Cenoman�an.  The only other known occurrence 
of th�s spec�es �s from the Barrem�an or Apt�an at �ts type 
locality in east Africa.  Overall, the distribution of A. 
aethiopica suggests that �t or�g�nated �n Europe dur�ng the 
Hauter�v�an and subsequently d�spersed to the New World by 
the Apt�an.  However, �ts temporal and spat�al d�str�but�on �n 
Mex�co �s somewhat s�m�lar to that outl�ned �n the preced�ng 
paragraph.

Three (or about 14 percent) of the 21 coral spec�es 
from the lower Apt�an of the Huetamo reg�on also occur �n 
the northeastern Mex�co-Texas reg�on.  The d�str�but�ons 
of these three spec�es, Cyathophora haysensis Wells, 1932, 
Isastrea whitneyi Wells, 1932, and Siderofungia irregularis 
Fel�x, 1891, are d�scussed above.

Ten (or about 48 percent) of the 21 coral spec�es from 
the lower Apt�an of the Huetamo reg�on also have been 
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reported from Europe.  Th�s �s the h�ghest degree of faunal 
s�m�lar�ty recogn�zed �n th�s study.  Four of the ten spec�es 
w�th both Mex�can and European occurrences are d�scussed 
above: Amphiastrea aethiopica D�etr�ch, 1926; Latusastrea 
alveolaris (Goldfuss, 1829); Siderofungia irregularis Fel�x, 
1891; and Fungiastraea crespoi (Fel�x, 1891).  The other s�x 
spec�es are: Actinastrea pseudominima (Koby, 1897); Stylina 
regularis Fromentel, 1862; Rhipidomeandra bugrovae 
Morycowa and Masse, 1998; Eohydnophora ovalis Masse 
and Morycowa, 1994; Eugyra lanckoronensis (Morycowa, 
1964); and Microsolena guttata Koby, 1897.  Of these six 
spec�es, Actinastrea pseudominima (Koby, 1897), has the 
broadest d�str�but�on, but only one other occurrence has 
been reported from the Western Hem�sphere (Ch�le).  Most 
of the other reported occurrences of th�s spec�es, �nclud�ng 
the earl�est (Valang�n�an) and latest (Turon�an), are from 
Europe.  Th�s spec�es also has been reported from other 
local�t�es �n the Eastern Hem�sphere, �nclud�ng Afr�ca and 
As�a.  Based on the fact that the earl�est known occurrence 
�s �n Europe, th�s spec�es most l�kely or�g�nated there and 
subsequently d�spersed to the Mex�can reg�on by the Apt�an.  
the remaining five species show a remarkably similar trend 
�n both relat�vely narrow temporal and restr�cted spat�al 
d�str�but�ons.  The earl�est occurrences of all but one of 
these spec�es are reported from Europe and the Mex�can 
occurrences reported �n th�s study are only sl�ghtly younger.  
The only except�on to th�s d�str�but�on trend, Eohydnophora 
ovalis Masse and Morycowa, 1994, �s known only from the 
lower Apt�an of Europe and the lower Apt�an of the Huetamo 
reg�on; any poss�ble age d�fference between the occurrences 
�n these two reg�ons cannot be d�scerned.  Stylina regularis 
Fromentel, 1862, occurs �n the lower Barrem�an to Apt�an 
of Europe and the lower Apt�an of the Huetamo reg�on, 
Mex�co.  Rhipidomeandra bugrovae Morycowa and Masse, 
1998, occurs �n the upper Barrem�an and lower Apt�an of 
Europe (France), the upper Barrem�an of Western As�a 
(Turkmen�stan), and the lower Apt�an of the Huetamo 
reg�on.  Eugyra lanckoronensis (Morycowa, 1964) has been 
reported from the lower Barrem�an to Alb�an of Europe, 
the lower Apt�an of the Huetamo reg�on, and(?) the Alb�an 
of T�bet.  Microsolena guttata Koby, 1897, �s known from 
the Barrem�an to Apt�an of Europe and the lower Apt�an 
of the Huetamo reg�on.  Furthermore, at the gener�c level, 
Saltocyathus cumburindioensis n. sp. from the lower Apt�an 
of the Huetamo reg�on �s most s�m�lar to S. urgonensis 

Morycowa and Masse, 1998, from the lower Apt�an of 
France; these two spec�es are the only known members of 
that genus.

The fact that ten (or nearly 50 percent) of the 21 coral 
spec�es from the lower Apt�an of the Huetamo reg�on also 
occur in europe indicates a strong paleobiogeographic affinity 
between these two reg�ons.  Furthermore, the temporal aspect 
of this affinity is additionally strengthened by the fact that 
the earl�est reported occurrences of each of the ten spec�es 
are from Europe.  Thus, based on these spat�al and temporal 
relat�onsh�ps, the ten spec�es d�spersed from Europe to the 
New World by the Apt�an.

In summary, the strongest paleobiogeographic affinity 
of the lower Apt�an coral fauna from the Huetamo reg�on 
of Mex�co �s w�th the pre-Alb�an coral faunas of Europe.  
Th�s �s supported by the common occurrences of 10 spec�es, 
or about 50 percent of the coral fauna.  Other geographic 
affinities of the 21 coral species from the lower Aptian of the 
Huetamo reg�on �nclude, �n decreas�ng level of s�m�lar�ty, the 
southeastern Mex�co reg�on (e�ght spec�es, or about 38 percent 
of the fauna), the northern South Amer�ca reg�on (seven 
spec�es, or about 33 percent of the fauna), the northwestern 
Mexico-southwestern US region (five species, or about 24 
percent of the fauna), and the northeastern Mex�co-Texas 
reg�on (three spec�es, or about 14 percent of the fauna).

Seven of the 21 spec�es have relat�vely l�m�ted 
geograph�c d�str�but�ons and therefore they are cons�dered 
to be endem�c to the areas of the�r observed geograph�c 
ranges.  Four of these spec�es, Cyathophora micrommatos 
(Fel�x, 1891), Meandrophyllia sauteri (Fel�x, 1891), 
Polyphylloseris conophora (Fel�x, 1891), and Felixastraea 
mexicana Reyeros, 1963, are endem�c to southern Mex�co 
dur�ng the Barrem�an(?) and Apt�an.  Two other spec�es, 
Cladophyllia stewartae Wells, 1944, and Actinaraea 
michoacanensis n. sp., are endem�c to the Huetamo reg�on 
and northeastern Venezuela during the Aptian.  One other 
spec�es, Calamophyllia sandbergeri Fel�x, 1891, �s endem�c 
to the western Tethyan reg�on, �nclud�ng the southern Mex�co 
and northern South Amer�ca reg�ons dur�ng the Apt�an and 
the northwestern Mex�co-southwestern US reg�on dur�ng the 
Alb�an.

The Western Hem�sphere paleob�ogeograph�c 
distributions of five of the species, Cyathophora haysensis 
Wells, 1932, Isastrea whitneyi Wells, 1932, Calamophyllia 
sandbergeri Fel�x, 1891, Fungiastraea crespoi (Fel�x, 1891), 
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and Siderofungia irregularis Fel�x, 1891, �nd�cate the same 
general temporal and spat�al trend: the earl�er occurrences 
are more to the south and east, whereas the later occurrences 
are relat�vely more to the north and west.

 The relat�vely h�gh degree of faunal s�m�lar�ty be-
tween the corals of the lower Apt�an of the Huetamo reg�on 
and the Barrem�an-Apt�an corals of Europe �nd�cates the ex-
�stence of a d�spersal pathway between these two reg�ons.  
Therefore, regardless of the actual mode of plankton�c d�s-
persal, the coral d�str�but�ons �nd�cate that a relat�vely strong 
tethyan surface paleocurrent flowed from europe to the New 
World through the western part of the Tethys Sea dur�ng the 
earl�est Apt�an (F�gure 48).  Th�s �nferred westward d�rect�on 
of paleocurrent flow is corroborated by several model sim-
ulat�ons of Cretaceous ocean c�rculat�on and other b�ogeo-
graph�c ev�dence (for examples see Luyendyk et al., 1972; 

Gordon, 1973; Berggren and Holl�ster, 1974; but see Barron 
and Peterson, 1989, for an alternat�ve v�ew).  However, the 
exact course that this current followed cannot be confidently 
determined from the available data.  Of the seven coral spe-
c�es that are common to the Huetamo reg�on and the north-
ern South Amer�ca reg�on, two (Siderofungia irregularis 
Fel�x, 1891, and Fungiastraea crespoi (Fel�x, 1891)) also are 
known from Europe, wh�ch �s a weak �nd�cat�on that the cur-
rent may have followed a more southerly course.  Ev�dence 
for a d�rect pathway through the western Tethys, or a north-
ern course along the eastern coast of North Amer�ca, �s en-
tirely absent.  thus, only the weak faunal affinity between the 
northern South Amer�ca reg�on and Europe supports the �n-
terpretation of a southern surface flow route.  In the absence 
of other support�ng ev�dence for the latter �nterpretat�on, a d�-
rect course between the reg�ons of southwestern Mex�co and 
Europe �s an equally plaus�ble alternat�ve.  The d�str�but�on 
of Cretaceous reef depos�ts �n the western Tethys �s rev�ewed 
below �n the d�scuss�on sect�on.

The path that th�s Europe-to-Mex�co surface current 
followed after �t had reached southern Mex�co cannot be 
determ�ned from the d�str�but�on data d�scussed above except 
to note that �t d�d not turn sharply northward dur�ng the early 
Apt�an.  However, e�ther later �n the Apt�an or �n the early 
Albian a north- or northwest-flowing current was developed 
�n the Mex�can reg�on as ev�dent from the paleob�ogeograph�c 
sh�fts �n the ranges of several coral spec�es.  As d�scussed 
above, five of the species (Cyathophora haysensis Wells, 1932; 
Isastrea whitneyi Wells, 1932; Calamophyllia sandbergeri 
Fel�x, 1891; Fungiastraea crespoi (Fel�x, 1891); and 
Siderofungia irregularis Fel�x, 1891) have older occurrences 
(Barrem�an or Apt�an) �n the southern and eastern areas of 
the�r geograph�c ranges and younger occurrences (upper 
Apt�an or lower to m�ddle Alb�an) that are farther north 
and west.  Th�s northward sh�ft �n geograph�c d�str�but�ons 
may have been fac�l�tated by the development of a north- or 
northwest-flowing surface current in Mexico (Figure 49).

Upper alBian-loWer cenomanian corals from tHe HUetamo 
reGion

Most of the 18 coral spec�es from the upper Alb�an-lower 
Cenoman�an of the Huetamo reg�on are known only from the 
specimens described in this study (Figure 47).  Only five (or 
about 28 percent) of the 18 spec�es are known from other 

F�gure 48.  Surface paleocurrent from Europe to the New World through 
the western Tethys Sea dur�ng the earl�est Apt�an.  Paleocurrent d�rect�on 
based on the d�str�but�ons of ten coral spec�es.  Refer to text for d�scuss�on.  
Aptian (120 Ma) paleocoastline base map modified from Smith et al. (1994, 
p. 40).
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occurrences.  Of these five species, only two (or about 11 
percent of the fauna), Dimorpharaea barcenai (Fel�x, 1891) 
and, quest�onably, Elasmophyllia tolmachoffana (Wells, 
1932), also occur �n the southeastern Mex�co reg�on (states 
of Puebla and Oaxaca).  the latter species is the only element 
of the coral fauna that also occurs �n the northern South 
Amer�ca reg�on (upper Apt�an of Venezuela and Tr�n�dad).

Two (or about 11 percent) of the 18 coral spec�es also 
occur �n the northwestern Mex�co-southwestern US reg�on: 
Eohydnophora picteti (Koby, 1897) (Alb�an of Ar�zona) 
and Columnocoenia ksiazkiewiczi Morycowa, 1964 (upper 
Barrem�an or lower Apt�an, and m�ddle Alb�an of the state of 
Sonora).  However, both of these spec�es have earl�est known 

occurrences �n Europe (lower Barrem�an and Valang�n�an, 
respect�vely) and both have been reported from other reg�ons 
(d�scussed below).

Four (or about 22 percent) of the 18 coral spec�es 
from the upper Alb�an-lower Cenoman�an of the Huetamo 
reg�on also occur �n the northeastern Mex�co-Texas reg�on.  
However, based on the reported ages of these spec�es �n the 
latter reg�on, all of the northern occurrences are older than 
those �n the Huetamo reg�on of Mex�co.  Th�s �s �n contrast 
to the temporal and spat�al d�str�but�on trend d�scussed 
earl�er for some of the lower Apt�an to lower Alb�an corals 
of the same regions.  One of the four species, Actinastrea 
guadalupae (Roemer, 1849), pr�mar�ly �s known from the 
m�ddle and upper Alb�an of Texas.  W�th the except�on of the 
mater�al descr�bed �n th�s study, no other occurrences of th�s 
spec�es are known.  The rema�n�ng three spec�es common to 
both reg�ons have occurrences �n the lower Alb�an of Texas: 
Elasmophyllia tolmachoffana (Wells, 1932), Eohydnophora 
picteti (Koby, 1897), and Dimorpharaea barcenai (Fel�x, 
1891).  As noted earl�er, Elasmophyllia tolmachoffana �s 
the only spec�es of the upper Alb�an-lower Cenoman�an 
coral fauna that also occurs �n the northern South Amer�ca 
region (upper Aptian of Venezuela and trinidad).  Other 
occurrences of Eohydnophora picteti �nclude the Alb�an of 
Ar�zona (ment�oned above), the lower Barrem�an to Apt�an of 
Europe, and the Apt�an or Alb�an of Japan.  In add�t�on to the 
occurrences �n Mex�co and Texas noted above, Dimorpharaea 
barcenai also occurs �n the Hauter�v�an to Apt�an of Europe.  
However, at least �n the Western Hem�sphere, the temporal 
and spat�al d�str�but�ons of these four spec�es record a 
southward sh�ft from the lower to m�ddle Alb�an of Texas to 
the upper Alb�an-lower Cenoman�an of the Huetamo reg�on 
of Mex�co.  Thus, �n order for these spec�es to have d�spersed 
in this manner, a southward flowing surface current from 
the northeastern Mex�co-Texas reg�on to the southwestern 
Mex�co Huetamo reg�on dur�ng the m�ddle to late Alb�an �s 
implied (Figure 50).  this southward flowing current may 
have been caused or deflected by a current flowing southward 
through the flooded Western Interior Seaway of North 
Amer�ca (see Beauva�s and Beauva�s, 1974; Er�cksen and 
Sl�ngerland, 1990).  The North Amer�can spat�al and temporal 
d�str�but�ons of Columnocoenia ksiazkiewiczi Morycowa, 
1964, a spec�es known from the upper Barrem�an or lower 
Apt�an and the m�ddle Alb�an of the state of Sonora and the 
upper Alb�an-lower Cenoman�an of the Huetamo reg�on 

Figure 49.  Surface paleocurrent from southern Mexico, flowing north or 
northwest, �nto northern Mex�co dur�ng the later Apt�an to early Alb�an.  
Paleocurrent based on the distributions of five coral species with older oc-
currences (Barrem�an or Apt�an) �n the southern and eastern areas of the�r 
geograph�c ranges and younger occurrences (upper Apt�an or lower to m�d-
dle Alb�an) that are farther north and west.  Refer to text for d�scuss�on.  
Aptian (120 Ma) paleocoastline base map modified from Smith et al. (1994, 
p. 40).
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(d�scussed above), also support th�s �nterpretat�on.  However, 
th�s spec�es also has been reported from the Hauter�v�an or 
Barrem�an of the western South Amer�ca reg�on (Ch�le), the 
Valang�n�an to Cenoman�an of Europe, and the Barrem�an or 
Apt�an of Turkmen�stan.

In contrast to the earl�er coral fauna from the Huetamo 
reg�on, the upper Alb�an-lower Cenoman�an coral fauna ex-
hibits a relatively much weaker affinity with the corals of 
europe.  Only three (or about 17 percent) of the 18 coral 
spec�es from the m�d-Cretaceous of the Huetamo reg�on also 
have been reported from the Cretaceous of Europe.  The d�s-
tr�but�ons of these three spec�es, Eohydnophora picteti (Koby, 
1897), Columnocoenia ksiazkiewiczi Morycowa, 1964, and 

Dimorpharaea barcenai (Fel�x, 1891), are d�scussed above.  
However, �t �s �mportant to note that the earl�est European 
occurrences of these three spec�es predate the known occur-
rences in North America.  the relatively weaker affinity of 
the two coral faunas suggests that the surface paleocurrent 
connect�ons between these two reg�ons also were relat�vely 
weakened dur�ng the m�ddle to late Alb�an.

discUssion

Many prev�ous stud�es on the paleob�ogeography of 
Cretaceous corals cons�st of general�zed comp�lat�ons of the 
geograph�c d�str�but�ons of reef and non-reef coral spec�es 
dur�ng var�ous Cretaceous ages (for examples, see Beauva�s, 
1981b, 1981c, 1986, 1992), but most of these works 
lack deta�led documentat�on of taxonom�c �nformat�on.  
Furthermore, the use of unrel�able or �ncons�stent coral 
taxonomy and weakly constra�ned geolog�c ages of faunas 
also can affect the outcome of paleob�ogeograph�c analyses 
(Rosen and Turnšek, 1989).  The results of th�s study are 
based on thoroughly taxonom�cally rev�ewed coral spec�es 
and prec�se geolog�c ages, therefore the paleob�ogeograph�c 
d�str�but�ons of the spec�es and the changes �n the�r geograph�c 
ranges through t�me are cons�dered to be accurate.

The relat�vely strong s�m�lar�ty between the coral 
faunas of Mex�co and Europe dur�ng the Apt�an may �n 
part be due to the fact that the faunas of Europe are known 
fa�rly well because they have been the subject of numerous 
�nvest�gat�ons over the past century.  However, the same 
reason�ng does not account for the lack of s�m�lar�ty of the 
later, Alb�an coral faunas.  Therefore, the spec�es d�str�but�on 
data �nd�cate that changes �n the relat�ve strength and 
d�rect�on of surface paleocurrents are l�kely explanat�ons for 
the observed changes in faunal affinity.

An earl�er compar�son of the Apt�an coral faunas of 
Europe and Mex�co reported that n�ne percent of the spec�es 
known from Mex�co were common to Europe, whereas 91 
percent of the spec�es known from Mex�co were endem�c 
(Beauva�s, 1992).  However, the Mex�can Apt�an coral fauna 
evaluated �n that analys�s (reportedly from Wells, 1946) 
cons�sted of only 13 spec�es.  A compar�son of the Alb�an 
coral faunas from these two reg�ons (Beauva�s, 1992) also �s 
m�slead�ng.  In that compar�son, 50 percent of the Mex�can 
Alb�an coral spec�es were common to Europe and the other 
50 percent were cons�dered endem�c to Mex�co.  However, 

Figure 50.  Surface paleocurrent flowing from the northeastern Mexico-tex-
as reg�on to the southwestern Mex�co Huetamo reg�on dur�ng the m�ddle to 
late Alb�an.  Paleocurrent based on the Western Hem�sphere d�str�but�ons of 
four coral spec�es w�th relat�vely older occurrences �n the lower to m�ddle 
Alb�an of Texas and relat�vely younger occurrences �n the upper Alb�an-
lower Cenoman�an of the Huetamo reg�on of Mex�co.  Refer to text for 
discussion.  Albian (105 Ma) paleocoastline base map modified from Smith 
et al. (1994, p. 39).
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the Mex�can Alb�an coral fauna used �n that analys�s 
cons�sted of only two spec�es.  Sampl�ng b�as obv�ously was 
a major factor �n these faunal compar�sons (see Belasky, 
1992).  Further �nvest�gat�ons of Mex�can Apt�an and Alb�an 
coral occurrences may lead to add�t�onal contr�but�ons to the 
number of spec�es present �n th�s reg�on and the degree of 
faunal s�m�lar�ty may then need to be re-evaluated.

The fa�rly h�gh degree of s�m�lar�ty between the early 
Apt�an coral fauna of the Huetamo reg�on and the pre-m�ddle 
Apt�an fauna of Europe, ten spec�es or about 50 percent of 
the early Apt�an Mex�can coral fauna, �s �nterest�ng because 
of the extens�ve d�stance between the two reg�ons.  Therefore, 
�n order for these spec�es to have been d�spersed from Europe 
to the southern Mex�co reg�on a d�spersal corr�dor or pathway 
must have been establ�shed along some route between the 
two reg�ons.  However, there are no known occurrences of 
these spec�es at local�t�es s�tuated between Europe and the 
southern part of Mex�co.  As noted above, seven of the lower 
Apt�an coral spec�es from the Huetamo reg�on also have been 
reported from the northern South Amer�ca reg�on, but of 
those same seven spec�es only two, Siderofungia irregularis 
and Fungiastraea crespoi, also occur �n Europe.  Th�s weak 
faunal s�m�lar�ty �s the only potent�al ev�dence for a surface 
current flow from europe to Mexico along a southern route 
through the western Tethys Sea.  Most of the add�t�onal 
supporting argument for this supposed flow configuration 
�s based on the lack of ev�dence for the v�able alternat�ves.  
However, at the genus level a few faunal s�m�lar�t�es 
may help to establ�sh a d�spersal pathway along the more 
southern route.  These s�m�lar�t�es �nclude the occurrence of 
Thalamocaeniopsis Allo�teau, 1953, �n the Apt�an of Alger�a, 
a genus represented by Thalamocaeniopsis n. sp. �n the late 
Alb�an-early Cenoman�an of the Huetamo reg�on.  Another 
s�m�lar�ty �s the occurrence of Paracycloseris Wells, 1934, �n 
the Alb�an of Egypt and �n the late Alb�an-early Cenoman�an 
of the Huetamo reg�on; the genus also occurs �n the Upper 
Cretaceous of Jama�ca, Cuba, and Mex�co (Vaughan and 
Wells, 1943; Wells, 1956).  Other possible intermediate 
b�ogeograph�c connect�ng po�nts may ex�st �n the Car�bbean 
reg�on, but for the most part the coral spec�es have not been 
described or identified even though many occurrences of reef 
faunas have been reported.  D�rect, long d�stance, westward 
d�spersal �s a poss�b�l�ty, perhaps even a more l�kely opt�on 
w�th the ass�stance of raft�ng or �sland-hopp�ng, but currently 
the only support�ng ev�dence for th�s scenar�o �s that the other 

poss�b�l�t�es are weak alternat�ves.  The reports of Cretaceous 
corals and reef depos�ts from many areas w�th�n the Car�bbean 
reg�on (Cuba, Jama�ca, Puerto R�co, Guatemala, Bel�ze, 
Honduras, Venezuela, Tr�n�dad, Braz�l) as well as those from 
more d�stant places (the Atlant�c marg�n of North Amer�ca, 
North Afr�ca, the M�ddle East, and all po�nts west of Mex�co 
including those in and along the ancestral Pacific Ocean and 
Indian Ocean) need to be re-evaluated in order to understand 
the significance of their roles in the overall pattern of coral 
b�ogeography (F�lkorn, 2001).

Although the spec�es of each of the two coral faunas 
from the Huetamo reg�on are ent�rely d�fferent from each 
other, some s�m�lar�t�es occur at the gener�c level.  A total of 
34 genera are represented by the 39 spec�es (refer to F�gure 
47).  The 21 spec�es from lower Apt�an strata are arrayed 
among 20 genera, whereas the 18 spec�es from upper Alb�an-
lower Cenoman�an strata are d�str�buted among 16 genera.  
The only two of the 21 spec�es from the lower Apt�an that 
belong to the same genus are Cyathophora haysensis Wells, 
1932, and C. micrommatos (Fel�x, 1891), but th�s genus �s 
not represented in the later fauna.  Of the 16 genera in the 
upper Alb�an-lower Cenoman�an fauna, all are represented 
by one spec�es each except for two, Actinastrea d’Orbigny, 
1849, and Preverastraea Beauva�s, 1976, each of wh�ch 
encompasses two of the 18 spec�es.  Altogether only two of 
the 34 identified coral genera are represented in both faunas: 
Actinastrea d’Orbigny, 1849, and Eohydnophora Yabe and 
Eguch�, 1936.  The genus Actinastrea �s represented �n the 
lower Apt�an by A. pseudominima (Koby, 1897), and �n 
the upper Alb�an-lower Cenoman�an by A. guadalupae 
(Roemer, 1849) and A. chumbitaroensis n. sp.  The genus 
Eohydnophora �s represented �n the lower Apt�an fauna by 
E. ovalis Masse and Morycowa, 1994, whereas �n the later 
fauna �t �s represented by E. picteti (Koby, 1897).

The total d�fference �n the spec�es compos�t�on of the 
two faunas �nd�cates that a complete turnover �n coral spec�es 
occurred over a per�od of at most 22 m�ll�on years, the t�me 
�nterval from the Barrem�an-Apt�an boundary to the Alb�an-
Cenoman�an boundary (Gradste�n et al., 1995), and poss�bly 
as few as 16 m�ll�on years, the �nterval w�th�n the narrowest 
poss�ble l�m�ts from latest early Apt�an to earl�est late Alb�an 
(based on ages from Gradste�n et al., 1995).  Future stud�es 
of Mex�can coral faunas that span the �nterval of early Apt�an 
to early Cenoman�an are necessary to determ�ne the tempo of 
th�s faunal changeover.
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sUmmary

The h�ghest faunal s�m�lar�ty among the early Apt�an coral 
spec�es descr�bed �n th�s study, about 48 percent of the Apt�an 
fauna, �s w�th the coral fauna of the European reg�on.  The 
temporal relat�onsh�ps of the occurrences of these spec�es �n 
Europe and �n Mex�co �nd�cate that the spec�es were d�spersed 
to North Amer�ca from local�t�es �n the European reg�on.  
thus, a westward flowing surface current from europe to 
North Amer�ca �s �nferred to expla�n the spat�al-temporal 
distributions of these species.  Faunal affinities among the 
early Apt�an coral spec�es of the Huetamo reg�on and adjacent, 
ne�ghbor�ng reg�ons w�th�n the Western Hem�sphere also have 
been recogn�zed, but generally the relat�onsh�ps are weaker.  
The percentage of the 21 early Apt�an coral spec�es common 
to ne�ghbor�ng reg�ons generally decreases from the south 
to the north, from northern South Amer�ca (33 percent) and 
southeastern Mex�co (38 percent) to northwestern Mex�co-
southwestern US (24 percent) and northeastern Mex�co-
Texas (14 percent).  Th�s d�str�but�on trend may be due to 
lat�tud�nal attenuat�on of spec�es d�vers�ty or �t may be the 
product of taxonom�c or sampl�ng b�ases, but the observat�on 
�s �nterest�ng nonetheless.

the geographic ranges of several (five, or about 24 
percent) of the coral spec�es from the early Apt�an of the 
Huetamo reg�on sh�ft northward through t�me.  The northward 
sh�ft �n the d�str�but�ons of these spec�es �s attr�buted to the 
development of a north- to northwest flowing surface current 
dur�ng the late Apt�an to early Alb�an.

The major�ty (13, or about 72 percent) of the late Alb�an-
early Cenoman�an coral spec�es from the Huetamo reg�on are 
known only from that area, thus they are cons�dered to be en-
demic taxa.  Furthermore, faunal affinities with other regions 
are relat�vely weak, �nclud�ng those of Europe as well as the 
adjacent areas.  However, the geograph�c ranges of several 
(four, or about 22 percent) of the coral spec�es from the late 
Alb�an- early Cenoman�an of the Huetamo reg�on sh�ft south-
ward through t�me.  The earl�er occurrences are located �n the 
early to m�ddle Alb�an of Texas, whereas the later occurrenc-
es are from the late Alb�an-early Cenoman�an of the Huetamo 
reg�on. Thus, the temporal-spat�al d�str�but�ons of these spe-
cies indicate the development of a south- to southwest flow-
�ng surface current from Texas to southern Mex�co dur�ng 
the m�ddle to late Alb�an.  Th�s �nferred current may help to 
expla�n why most of the other late Alb�an-early Cenoman�an 

coral species are endemic.  Furthermore, the flow direction of 
th�s same �nferred surface current also may help expla�n why 
most of the rud�st spec�es from contemporaneous local�t�es 
�n southwestern Mex�co (for examples, those descr�bed by 
Palmer, 1928) are endem�c as well.

The number of coral spec�es that are endem�c to the 
Mex�can study area and adjacent reg�ons �s relat�vely lower 
dur�ng the early Apt�an and much h�gher dur�ng the late 
Albian-early Cenomanian.  Of the 21 early Aptian species, 
four are endem�c to southern Mex�co, two are endem�c to 
southern Mex�co and northern South Amer�ca, and one �s 
endem�c to the western Tethyan reg�on.  However, as noted 
above, 13 (or about 72 percent) of the 18 late Alb�an-early 
Cenoman�an coral spec�es from the Huetamo reg�on are 
endem�c to that reg�on.  The results of th�s study corroborate 
the observat�ons of some of the earl�er analyses of Cretaceous 
coral paleob�ogeography.  In part�cular, the general s�m�lar�ty 
of coral faunas of the Car�bbean and Europe dur�ng the 
Berr�as�an to Apt�an, the lack of endem�c genera �n the 
Car�bbean reg�on dur�ng the same �nterval of t�me, and the 
subsequent �n�t�at�on of Car�bbean coral endem�sm �n the 
Alb�an (Coates, 1973, 1977b, 1985) are temporally paralleled 
by the paleob�ogeograph�c d�str�but�ons of the Mex�can coral 
faunas presented �n th�s study.

As noted earl�er �n the paleob�ogeography sect�on, 
modern centers-of-d�vers�ty are best expla�ned by the 
Vortex model of coral b�ogeography (Jok�el and Mart�nell�, 
1992).  In th�s model, the surface c�rculat�on pattern of the 
Pacific Ocean ultimately causes coral species from isolated 
per�pheral areas to be transported �nto and concentrated �n 
the trop�cal western reg�ons of modern ocean bas�ns.  Th�s 
process ult�mately results �n an accumulat�on of coral spec�es 
�n these areas and eventually leads to development of a 
center-of-d�vers�ty.  The process �s current-�nduced and the 
transportat�on of spec�es �s by d�spersal on surface currents.  
The model was or�g�nally developed from and appl�ed to 
modern d�str�but�ons of coral spec�es.  It �s proposed here 
that a modified version of this model can be used to explain 
the observed d�str�but�ons of Cretaceous zooxanthellate reef 
coral species.  the Cretaceous version of the modified Vortex 
model �s termed the Dynam�c Conveyor model of coral 
biogeography and it is briefly described here.  the primary 
d�st�nct�on between the two models �s that �n the Cretaceous 
Dynam�c Conveyor model the surface current c�rculat�on 
was probably a nearly continuous circum-global flow that 



CRetACeOUS CORALS FROM tHe HUetAMO ReGION, MICHOACAN AND GUeRReRO StAteS 147

traversed and �nterconnected most trop�cal and subtrop�cal 
mar�ne areas.  Another d�st�nct�on �s that the modern Vortex 
model was based on a nearly steady-state of surface currents, 
whereas �n the Cretaceous Dynam�c Conveyor model 
the current pattern �s not constant but rather �ncorporates 
significant changes in flow patterns caused by gradual tectonic 
changes �n the pos�t�ons of land masses.  In other words, both 
time and tectonics are considered to be significant factors.  In 
th�s sense, the Cretaceous centers of h�gh d�vers�ty or areas 
of spec�es accumulat�on are ne�ther temporally nor spat�ally 
fixed locations.  In addition, high diversity areas may later 
themselves become �solated per�pheral hab�tats that may 
ma�nly d�sperse spec�es to other newly establ�shed areas of 
accumulat�on (centers-of-or�g�n b�ogeography rev�s�ted).  
Furthermore, the early Cretaceous configuration of ocean 
bas�ns was ent�rely d�fferent from that of modern t�mes and 
c�rculat�on patterns also were d�fferent.  The Cretaceous 
sea essent�ally was one cont�nuous water mass pr�mar�ly 
within the ancestral Pacific and Indian Ocean basins (the 
Panthalassa Ocean).  this ocean was latitudinally restricted in 
the ancestral Med�terranean-proto-Atlant�c-Car�bbean realm 
(the Tethys Sea), the ma�n east-west connect�on between the 
western Indian Ocean and the eastern Pacific Ocean.  the 
exact locat�ons of Cretaceous h�gh d�vers�ty centers rema�n 
to be determ�ned, but �t �s pred�cted that potent�al areas 

of accumulat�on log�cally �nclude reg�ons where surface 
currents were deflected or restricted by coastal regions with 
su�table env�ronmental cond�t�ons.  Thus, eustat�c sea level 
changes are also accommodated �n th�s model.  The currents 
�n these types of s�tuat�ons would serve a dual funct�on as 
an �nterm�ttent conveyor, both br�ng�ng new taxa �nto a new 
area as well as transport�ng establ�shed taxa out to other 
down-current hab�tats.  In effect, both processes may occur 
s�multaneously, but a perfect balance �s unl�kely and e�ther 
one probably could dominate given a particular configuration 
of currents and �nterconnected coastal reg�ons.  In the 
Cretaceous Dynamic Conveyor model, the configuration of 
currents and �nterconnected coastal hab�tats �s ephemeral even 
though the basic, large-scale circum-equatorial flow regime is 
ma�nta�ned throughout the per�od.  Pred�ct�ons of Cretaceous 
b�ogeograph�c d�str�but�ons based on the Dynam�c Conveyor 
model �nclude: centers-of-d�vers�ty would be located where 
warm or tropical surface currents were deflected or restricted 
by coastal reg�ons w�th su�table ecolog�cal hab�tats; pos�t�ons 
of centers-of-d�vers�ty would change through t�me; and 
actual locat�ons of spec�es or�g�nat�ons would be outs�de 
of the centers-of-d�vers�ty.  Deta�led �nvest�gat�ons of the 
geograph�c and strat�graph�c d�str�but�ons of Cretaceous 
coral spec�es are needed to be able to recogn�ze �f any of 
these patterns ex�st.
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this study is the first detailed investigation of the Lower and 
m�ddle Cretaceous coral faunas from the Huetamo reg�on of 
southwestern Mex�co, a part of the tecton�cally problemat�c 
Guerrero terrane.  An extens�ve, deta�led rev�ew of the 
prev�ous works on the Cretaceous corals of Mex�co was 
comp�led as part of the research for th�s �nvest�gat�on and �t 
has been presented �n an earl�er publ�cat�on (F�lkorn, 2003).

Abundant and taxonom�cally d�verse assemblages 
of scleract�n�an corals have been d�scovered �n two of the 
Cretaceous strat�graph�c un�ts of the Huetamo reg�on, the 
Cumbur�nd�o and Mal Paso format�ons.  In add�t�on, one coral 
spec�es has been d�scovered �n the San Lucas Format�on.  A total 
of 39 coral spec�es arrayed among 34 genera are descr�bed and 
�llustrated �n th�s study.  The corals are from the lower Apt�an 
strata of the Cumbur�nd�o (20 spec�es) and San Lucas (one 
spec�es) format�ons and the upper Alb�an-lower Cenoman�an 
upper member of the Mal Paso Format�on (18 spec�es).  These 
format�ons have no coral spec�es �n common.  Three of the 
21 spec�es from lower Apt�an strata are descr�bed as new: 
Saltocyathus cumburindioensis n. sp., Actinaraea michoaca-
nensis n. sp., and Thamnarea hornosensis n. sp.  Eleven of the 
18 coral spec�es from the upper Alb�an-lower Cenoman�an up-
per member of the Mal Paso Format�on also are descr�bed as 
new: Actinastrea chumbitaroensis n. sp.; Preverastraea coat-
licuae n. sp.; Preverastraea tocae n. sp.; Latiphyllia mexicana 
n. sp.; Thecosmilia guerreroensis n. sp.; Mycetophyllopsis az-
teca n. sp.; Orbignygyra? incognita n. sp.; Thalamocaeniopsis 
mexicanensis n. sp.; Thamnasteria tonantzinae n. sp.; 
Paracycloseris effrenatus n. sp.; and Ovalastrea malpaso n. sp.  
In add�t�on, one genus and spec�es d�scovered dur�ng the �nves-
t�gat�on of the coral fauna of the Mal Paso Format�on has been 
descr�bed as new �n an earl�er publ�cat�on: Blastozopsammia 
guerreroterion F�lkorn and Pantoja-Alor, 2004.

Analog�es w�th l�v�ng corals �nd�cate that the major�ty 
of the foss�l corals from the Cumbur�nd�o and Mal Paso 
format�ons most l�kely were reef-bu�ld�ng spec�es, also 
known as hermatyp�c corals or construct�onal zooxanthellate 
corals, that presumably l�ved �n symb�ot�c relat�onsh�p w�th 
a m�croscop�c, photosynthes�z�ng alga (zooxanthellae) 
harbored �n the�r polyps.  Th�s symb�ot�c relat�onsh�p 
between the corals and the photosynthet�c algae effect�vely 
l�m�ted the�r ecolog�c d�str�but�on to substrates �n relat�vely 
shallow, well-l�ghted, warm, mar�ne water.

Assoc�at�ons of scleract�n�an corals and rud�st b�valves 
have been observed at three local�t�es, two �n the lower 
Apt�an Cumbur�nd�o Format�on of the state of M�choacán 
and one �n the upper Alb�an-lower Cenoman�an Mal Paso 
Format�on of the state of Guerrero.  The two occurrences 
�n the Cumbur�nd�o Format�on are: an assoc�at�on of a 
large spec�es of ramose, m�crosolen�d coral, Thamnarea 
hornosensis n. sp., preserved �n s�tu along w�th valves of the 
rud�sts Praecaprina sp. and Caprina sp. at the exposures �n 
the Arroyo Los Hornos; and a d�verse assemblage of reef 
corals that conformably overl�es a bed pr�mar�ly composed 
of valves of the rud�st Amphitriscoelus sp. near the top of 
the strat�graph�c sect�on at the Loma de San Juan, Tur�tz�o.  
The coral-rud�st assoc�at�on �n the upper member of the Mal 
Paso Format�on concerns a d�verse assemblage of reef corals 
and the rud�sts Mexicaprina sp. and Radiolites sp.  None of 
these k�nds of coral-rud�st assoc�at�ons has been reported 
prev�ously from Mex�co or any other s�te.

The paleob�ogeograph�c h�stor�es of the coral spec�es 
described in this study reveal geographic affinities with 
several reg�ons, ma�nly Europe, and the adjacent areas of 
southeastern Mex�co, northern South Amer�ca, northwestern 
Mex�co-southwestern US, and northern Mex�co-Texas.  
About half of the lower Apt�an coral spec�es from the 
Huetamo reg�on have been reported prev�ously from the pre-
Alb�an of the European reg�on.  Th�s faunal s�m�lar�ty �s the 
strongest geographic affinity recognized in this study.

The temporal and spat�al d�str�but�ons of these coral 
spec�es can be ut�l�zed as a proxy for the surface current 
c�rculat�on patterns that ex�sted dur�ng d�fferent �ntervals 
of Cretaceous t�me.  These d�str�but�ons �nd�cate that a 
surface current flowed from europe to southwestern Mexico 
dur�ng the early Apt�an.  Subsequent changes �n the spat�al 
d�str�but�ons of some of the coral spec�es �nd�cate that a surface 
current w�th a major component of north- and northwestern-
flow from southwestern Mexico to the northeastern Mexico-
Texas reg�on and the northwestern Mex�co-southwestern US 
region was flowing during the late Aptian and early Albian.  
Other changes in spatial distributions suggest that the surface 
current flow direction later was to the south, in direct contrast 
to the prev�ous trend, from the northeastern Mex�co-Texas 
reg�on to the southwestern Mex�co Huetamo reg�on dur�ng 
the middle to late Albian.  this inferred reversal of flow 

summary and ConClusion
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d�rect�on may help expla�n why some of the late Alb�an 
faunal elements of southwestern Mex�co, �nclud�ng many of 
the corals descr�bed here�n and many of the rud�st spec�es 
descr�bed prev�ously (see Palmer, 1928) are endem�c to that 
reg�on.

Overall, there appears to be a temporal trend in colony 
s�ze; that �s, the earl�er fauna from the early Apt�an �s ma�nly 
composed of spec�es w�th mostly small corall�tes and small-
s�zed coralla, whereas the later fauna from the late Alb�an-
early Cenoman�an �s dom�nated by spec�es w�th relat�vely 
larger corall�tes and large-s�zed coralla.  Th�s general trend 

�s very s�m�lar to a trend observed �n the Neogene to recent 
coral faunas of the Car�bbean reg�on (Johnson et al., 1995) 
and �nd�cates that, w�th regard to corall�te s�ze, corallum s�ze 
and growth form, the long-term evolut�on of scleract�n�an 
corals may be cycl�c.

Some of the scleract�n�an coral spec�es from the 
Huetamo reg�on appear to have the potent�al to be ut�l�zed 
�n b�ostrat�graph�c correlat�ons of the Mex�can Cretaceous.  
However, further �nvest�gat�ons of the strat�graph�c 
d�str�but�ons of these coral spec�es �n Mex�co are requ�red �n 
order to refine their use in biostratigraphy.
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